Minutes

._ —— — - — -
Meeting Regular Council
Date 6 August 2019
Time 7:00 PM
Place Municipal Hall - Council Chambers
— == = —==
Present Mayor Martin Davis

Councillor Bill Elder
Councillor Sarah Fowler (by phone)
Councillor Lynda Llewellyn

Regrets Councillor Josh Lambert
Staff Mark Tatchell, Chief Administrative Officer

John Manson, P.Eng, Project Manager
lanet StDenis, Finance & Corporate Services Manager

Public 1 member of the public

A. Caill to Order

Mayor Davis called the meeting to order at 7:00 p.m.

Mayor Davis acknowledged and respected that Council is meeting upon
Mowachaht/ Muchalaht territory

B. Introduction of Late Items and Agenda Changes
2 late items. Under Correspondence as "L14" an email regarding the
public boat launch & washdown station and under New Business as "M5"
a FCM Demonstration Projects Grants Application.

C. Approval of the Azenda

tlewellyn/Elder: VOT 358/2019

THAT the Agenda for the August 6, 2012 Regular Council meeting be

adopted as amended. CARRIED

D. Petitions and Delegations
None.

E. Publiclnput#1
None.




F. Adoption of the Minutes
Minutes of the Regular Council meeting held on July 2, 2019

Llewellyn/Elder: VOT 359/2019
THAT the Regular Council meeting minutes of July 2, 2019 be adopted as
amended. CARRIED

Minutes of the Committee of the Whole meeting held on July 2, 2019

Llewellyn/Elder: VOT 360/2019

THAT the Committee of the Whole meeting minutes of July 2, 2019 be
adopted as presented. CARRIED

Minutes of the Committee of the Whole meeting held on July 4, 2019

Llewellyn/Elder: VOT 361/2019

THAT the Committee of the Whole meeting minutes of July 4, 2019 be
adopted as presented. CARRIED

G. Rise and Report
None.

H. Business Arising
Code of Conduct Policy No. 2015

Llewellyn/Elder: VOT 362/2019

THAT this draft Code of Conduct Policy be received. CARRIED

Llewellyn/Elder: VOT 363/2019

THAT this Code of Conduct Policy be approved CARRIED



Report to Council Re: 2012 Condition Assessment of the Municipal
Wharf

John Manson, P Eng, Project Manager, spoke to his Report to Council on
the Condition Assessment of the Wharf and the proposed options for the
siting of the new SAR wharf facility.

Llewellyn/Elder: VOT 364/2019

THAT the Report to Council and the Report on the Condition Assessment

CARRIED
of the Municipal Wharf be received.

Council requested a meeting with the Coast Guard to receive a
presentation on the CG's proposed trestle and float option and to discuss
the option of utilizing the existing municipal wharf site. Council also
requested that the RCMP, DFO and MMEFN be invited to attend.

McEthanney Ltd: Finat Report Tahsis Flood Risk Assessment

https://dl.mcelhanney.com;2019/07/23 uRzB/23 G5JetG1/49140TahsisF
loodRiskAssessmentFinalReportComplete. pdf

Llewellyn/Elder: VOT 365/2019

THAT the Tahsis Flood Risk Assessment Report be received. CARRIED

Report to Council Re: Recreation Centre 2019 Q2 attendance and
revenue report

Liewellyn/Elder: VOT 366/2019

THAT the Report to Council be received. CARRIED

Tahsis Roads Project Status Report - Report to Council

John Manson, P Eng, Project Manager, provided Council with an update
on the Roads Project and responded to Council's questions.



Llewellyn/Elder: VOT 367/2019

THAT the Report to Council be received.

J. Council Reports
Mayor Davis

No Report

Councillor Elder
No report

Councillor Fowler (verbal report)

| have just submitted the "M5" "New Business" so that is my draft
application that | have written for the FCM Demonstration Project. The
only thing that is missing from my application is a formal resolution that
would show the Village of Tahsis' full support for the FCM application.
The deadline is in a week, August 15th. So, | was hoping that we can
have some kind of resolution to the effect which we can talk to in "M5".

Councillor Llewellyn (verbal report]
| was very impressed with the organization of Tahsis Days.

Llewellyn/Elder: VOT 368/2019
THAT these Council reports be received.

Bylaws
None.

L. Correspondence

Tahsis Council letter to Hon. Claire Trevena Re: Meeting with Tahsis
Council on May 21st, 2019

City of Richmond letter Re: Lobbyist Registration

City of Richmond letter Re: Proposed UBCM Resolution- Conflict of
Interest Complaint Mechanism

CARRIED

CARRIED



10

11

12

City of Richmond letter Re: Proposed UBCM Resolution - Statement of
Disclosure Updates

City of Port Moody letter Re: Support for Property Assessed Clean
Energy Enabling Legislation for BC

City of Prince George Letter Re: Proceeds of Crime; Clean-Up of Needles
and Other Harm Reduction Paraphernalia

Municipality of North Cowichan Re: UBCM Resolution- Regional
Management of Forestry

Katrine Conroy, Minister of Children and Family Development Re:
Childcare BC New Spaces Fund

Honourable Bernadette Jordan, P.C. M.P. Minister of Rural Economic
Development letter Re: Council's letter of March 6th regarding cellular
service on Vancouver Island.

UBCM Re: Gas Tax Agreement Community Works Fund Payment

UBCM Re: Completion of FireSmart Project (SWPI-887: Tahsis Wildfire
Prevention 2018)

Sierra Club BC Re: Request for Letter of support for the Sierra Club's
grant application to the Real Estate Foundation for their forest
conservation work with municipalities and indigenous Nations in the
Nootka Sound/ Tahsis region.
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L1

L12

L14

Rita Aedan, McKelvie Matters Re: Petition to the Legislative Assembly
Province of B. C.

Email from Allen Carter Re: Public Beat Launch & Washdown Station

Llewellyn/Elder: VOT 369/2019
THAT these correspondence items received.

Llewellyn/Elder: VOT 370/2019
THAT item numbers 1, 12, and 14 be pulled for discussion.

Tahsis Council letter to Hon. Claire Trevena Re: Meeting with Tahsis’
Council on May 21st, 2019

Council had a question on this letter to which staff responded.

Sierra Club BC Re: Request for Letter of support for the Sierra Club's
grant application to the Real Estate Foundation for their forest
conservation work with municipalities and Indigenous Nations in the
Nootka Sound/ Tahsis region.

A brief discussion followed.

Fowler/Elder: VOT 371/2019

THAT Council send a letter of support as drafted by the Sierra Club BC.

Email from Allen Carter Re: Public Boat Launch & Washdown Station

A discussion on options and associated costs followed.

Llewellyn/Elder: VOT 372/21019

THAT Council consider options and associated costs for better boat
launch access and a washdown station in time for next year's season.

CARRIED

CARRIED

CARRIED

CARRIED



M. New Business
Grant-in-Aid Re: Culture Days

Llewellyn/Elder: VOT 373/2019
THAT the Grant-in-Aid application be received. CARRIED

Fowler/Elder: VOT 374/2019
THAT the Grant-in-Aid application be approved. CARRIED

UBCM ORV (Off Road Vehicle) Working Group for Rurai Communities

Llewellyn/Elder: VOT 375/2019
THAT this information be received. CARRIED
Lleweliyn/Elder: VOT 376/2019

THAT Councillor Sarah Fowler be designated as the Tahsis representative
on the UBCM ORV Working Group for Rural Communities,

CARRIED
Report to Council Re: Municipal Insurance Association of BC {(MIABC)
Voting Defegate and Alternate
Llewellyn/Elder: VOT 377/2019
THAT this Report to Council be received. CARRIED

Lleweliyn/Elder: VOT 378/2019

THAT Mayor Martin Davis be selected as the Village of Tahsis Voting
Delegate for the MIABC 2019 Annual General Meeting and future annual

general meetings. CARRIED

Llewellyn/Elder: VOT 379/2019

THAT Councillor Sarah Fowler be selected as the Village of Tahsis
Alternate #1 for the MIABC 2019 Annual General Meeting and future
annual general meetings. CARRIED

Report to Council Re: Dike Maintenance Act — Local Government Diking
Authority

Llewellyn/Elder: VOT 380/2019
THAT this Report to Council be received. CARRIED



Llewellyn/Eider: VOT 381/2019

THAT to protect the public interest and safety of life and property that

the Village of Tahsis become the diking authority and be fully responsible

for the operation and maintenance of existing dikes, improvements to

those dikes and new dikes and that the Village secure legal access to the

lands on which all dikes are constructed. CARRIED

Llewellyn/Eider VOT 382/2019

THAT Council approve submitting a grant application to the Structural
Flood Mitigation 2019 program. CARRIED

FCM Demonstration Project Grants Application

Councillor Fowler spoke to her grant application. A discussion followed.

Llewellyn/Fowler: VOT 383/2019
THAT this grant application and supporting information be received. CARRIED

Fowler/

Whereas inclusion is part of the new code of conduct THEREFORE it be

resolved to support Councillor Fowler's draft application to the FCM

towards parity demonstration project. FAILED

N. Public Input #2
A member of the public spoke about the history of the Government
Wharf and the flood wall.

Recess
Llewellyn/Elder: VOT 384/2019

THAT the Regular Council meeting recess to go in to the Closed meeting

for the adoption of the closed minutes. CARRIED
Reconvene:

Llewellyn/Elder: VOT 391/2019

THAT the Regular Council meeting reconvene at 9:08 p.m.



Rise and Report
None.

Adjournment
Llewellyn/Elder: VOT 392/2019

THAT the meeting be adjourned at 9:09p.m.

Certified Correct this
3rd Day of September 2019

Chief Administrative Officer

CARRIED



Minutes
Meeting Regular Council
Date 2 July 2019
Time 7:00 PM
Place Municipal Hall - Council Chambers
Present Mayor Martin Davis
Councillor Bill Elder
Councillor Sarah Fowler
Councillor Lynda Llewellyn
Regrets Councillor Josh Lambert
Staff Mark Tatchell, Chief Administrative Officer
lanet StDenis, Finance & Corporate Services Manager
Public 9 members of the public

A. Call to Order

Mayor Davis called the meeting to order at 7:01 p.m.

Mayor Davis acknowledged and respected that Council is meeting upon
Mowachaht/ Muchalaht territory

B, introductien of Late {tems and Agenda Chapges
Delegation "D1" to be removed.

i s

Fowler/Elder;: VOT 342/2015
THAT the Agenda for the July 2, 2019 Regular Council meeting be

adopted as amended. CARRIED

D. Petitions and Delegations

Josie Miladinovic, Tahsis Community Paramedic Re: Community
Paramedic Program

Good Evening Mayor, Council and staff,

Thank yau for the opportunity to share information with you tonight
about the Community Paramedicine in Tahsis.
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My name is Josie Miladinovic, | am a Tahsis paramedic and | am the newly
certified community paramedic for Tahsis and here with me tonight is my
mentor Rachelle Cole, the community paramedic attached 1o the teulet
Station which was also 1 of 9 first prototype communities in BC over 3
years ago. We are now 1 of 99 rural and remote communities to receive
a community paramedic.

Community Paramedicine is not a new concept as it has been practiced
for decades in many provinces and countries around the world. However
in BC we are just over 3 years into establishing our program and are 95%
to capacity in our first phase as an addition to rural and remote care.

Our mandates are community education, cutreach and awareness, health
promotion, wellness checks and clinics.  Although Community
Paramedicine is in the infancy stage for our organization we already have
many tools under our belts including home health monitoring and we are
always expanding and updating our knowledge to include not only
chronic health issues but more recently we have added palliative care
training and as with all paramedics in BC mental health.

We are looking forward to an expansion of our scope to even further
serve our communities in the months and years to come.

I look forward to collaborating with all the disciplines and services
providers in our community along with all interest groups, stake holders
and partners.

Thank you,

Fowler/Llewellyn: VOT 343/2019
THAT this presentation be received. CARRIED

E. Public Input # 1

hMembers of Ecologic Environmental Consultants introduced themselves
to Mayor, Council and Staff and gave an update on the McKelvie
Watershed Assessment Project,

A member of the public complained about the words used by a council
member at the previcus meeting,

F. Adoption of the Minutes
Minutes of the Regular Council meeting held on June 18th, 2019

Lieweliyn/Elder: VOT 344/2019

THAT the Regular Council meeting minutes of lune 18, 2019 adopted as
presented. CARRIED

G. Rise and Report
None.

Pa



H. Business Arising

Island Coastal Economic Trust {ICET) - Economic Infrastructure and
Innovation Program [Stage 2) Grant Application

A brief discussion followed,

UewellynfFowler: VOT 345/2019

THAT this Report to Council and draft grant application be received.

Fowler/Elder: VOT 346/2019

THAT option # 1 be approved.

Municipal Finance Authority of BC (MFABC} Re: Updating List of
Authorized Signers

Llewellyn/Elder: VOT 347/2019

THAT this information be received.

Liewellyn/Elder VOT 348/2019

THAT Randy Taylor and Jude Schooner be removed from list "A" as
signing authorities for the Viltage of Tahsis.

Llewellyn/Elder: VOT 349/2019

THAT Mayor Martin Davis, Deputy Mayor Sarah and CAO Mark Tatchell

be added to list "A" as signing authorities for the Village of Tahsis.

Service Provider Agreement for Climbing Wall Volunteers

Lleweilyn/Fowler: VOT 350/2019

THAT Council agree to provide liabitity insurance for contract valunteers
who form the Climbing Wall Volunteers, through the Municipal Insurance

Association’s Associate Member Program;
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CARRIED

CARRIED

CARRIED

CARRIED

CARRIED



AND THAT Council authorize the Director of Finance to enter into Service
Provider Agreements with individual volunteers for the provision of
liability insurance through the Village’s liability insurance held with the
Municipal Insurance Assoctation of British Columbia. CARRIED

J. Councli Reports

Mayor Davis {verbat Report)

| did attend a webinar regarding Powell River and their interactions with
the community of Powell River and the local First Nations there. It was
very interesting. | was looking for insight into how they work their
community forests there and apparently they are two separate
community forests so they have not exactly integrated them. First
Nations want to buy Power River's Community Forest. That's all | got
from that.

We had a Canada Day celebration which was wonderful. ! got to give a
speech and hand out cake.

Councillor Elder

No report

Councillor Fowlfer (written Report)

My report July 2, 2019 is heavy with academic reports from scientific
journals. But first, this is summer! We had our annual Canada Day Trivia
Contest and sing-a-long.

It was a honour to attend the delicious dinner put together by Sally for
VIHA's Rural Site Visit Project. My big take away was that Cortes Island is
doing some private care called home care plus. | think we could try to
explore here. The summary of a report released February 13, 2019 read
‘it has been identified that relationships are a foundation part of rural
health.
Secondly, | received the following infermation from Uu-a-thulk fisheries
program with respect to the drought conditions due to fow water flow.
Piease include the documents for the minutes of public record of fishery
sensltive watersheds
These Pacific Northwest papers demonstrate forestry effects and ask
larger questions about water demand.

Mathew Bayly of Ecofish research group, a environmental consultant with
a specialist in fish habitat modeling.

P10



‘I've seen increasing evidence of current FRPA legisiation failing to
identify, monitor and manage cumulative effects to fish habitat at the
watershed scale.’

Leiner river, Perry river, Tahsis

River
area km square 116 49 77
average elevation meter's 744 712 691
H6D Elevation meter's 860 819 338
average slope % 71.8 69.1 68.5
road density for entire FSW km 0.67
1.19 0.20
road density <100m from a stream km?2 0.35 0.64 0.07
road density on slopes >60% km2 0.16 0.34 0.01
stream crossing density #/km square 241 5.13 0.08
portion of stream disturbed km/ 0.04 0.06 0.00
portion of fish bearing streams o 0 o

(5 attachments)
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HYDROLOGICAL PROCESSES

Hydrol. Process. (2015)
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A 477-year dendrohydrological assessment of drought severity
for Tsable River, Vancouver Island, British Columbia, Canada

Bethany Coulthard* and Dan J. Smith

University of Victoriu Tree-Ring Laboratory, Department of Geography, University of Victoria, Victoria, BC, Canuda

Abstract:

Summer streamflow dronghis are becoming more severe in many watersheds on Vancouver Jsland, British Cotumbia, as a result of
climate warming. Small coastal basins that are the primary water soutce for most communities and essential to Pacific salmon
populations have been particulerly affectéd. Because the most extreme naturally occuming droughts are rarely captured within
short instrumental records water managers likely underestimate, and ere unprepared for, worst-case scenario low flows. To provide
& long-term perspecive on recent dronghts on Vanconver Island, we developed a 477-year long dendrohydrological reconstruction
of summer streamflow for Tsable River based on a network of annual tree-ring widih data. A novel aspect of cur smdy is the use of
conifer trees that are energy limited by spring snowmelt timing, Explaining 63% of the instrumental streamflow variability, to our
knowledge the reconstruction is the longest of its kind in British Columbiz. We demaonstrate that targeting the sumroer streamflow
component derived from spowmelt is powerfiul for determining drought-season discharge in hybrid runoff regimes, and we suggest
that this approach may be applied to small watersheds in temperate environments that are not .usually conducive to
dendrohydrology. Our findings suggest that since 1520, 21 droughts occurred that were more extreme than recent ‘severe’ evenis
like those in 2003 and 2008. Recent droughts are therefore not anomalous relative to the ~400-year pre-instrumental record and
should be anticipated within water management strategies. In coming decades, worst-case scenario natural droughts compounded
by land use change and climate change eould result in droughts more severe than any since 1520. The influence of the Pacific
Decadal Oscillation on instrumental and modelled Tsable River summer streamflow is likely linked 1o the erhanced role of

snowmelt in determining summer discharge during cool phases, Copyright € 2015 John Wiley & Sons, Ltd.

KEY WORDS  dendrabydrology; drought; low flows; water management; Vancouver Island; British Colwmbia
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INTRODUCTION

British Columbia’s (B.C.) temperate rainforest coast is
considered water-rich, but seasonal waler scarcity and
streamflow drought often oceur during summer when
demand for water is highest and storage is limited
(Stephens et g, 1992). In 2014 and 2015 many streamns
experienced droughts that were more severe than any on
record (B.C. Ministry of Forests, Lands and Natural
Resource Operations, 2014; B.C. River Forecast Centre,
2015). Climate warming has tiggered earlier, lower,
longer, and more frequent low-flows throughout the
coastal region (Rodenhuis ef al., 2007), and the impact of
worsening droughts on human water use, stream ecology,
and the survival of Pacific salmon is recognized by the
provincial government as a critical environmental man-
agement challenge (B.C. Ministry of Environment, 2013).

‘Hybrid' runoff regimes are the primary water source
for most towns, municipalities, and First Nations

*Correspondence to: Bethany Coulthard, University of Victoria Tree-Ring
Laboratory, Departmeat of Geography, University of Victoriz, Victoria,
British Columbiz, Canada.
E-mail: bethanyc@uvic.ca

Copyright © 2015 John Wiley & Sans, Lid.
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communities on Vancouver Island, B.C., and are also
the most vulnerable to summer water shortages
{Rodenhuis et al, 2007). Both snowmell and rainfall
contribute substantially to annual streamflow in hybrid
watersheds (Eaton and Moore, 2010), The likelihood of
protracted drought under fuiure climate conditions makes
an accurate understanding of worst-case scenario droughts,
based on long-ferm natural variability, crucial for effective
water management in these basins (Pike ef @i, 2010).

The purpose of our research was to develep a multi-
century sammer discharge (Q) record for a small hybrid
watershed on southeastern Vancouver Island, and to
interpret the severity of recent droughts within the
coniext of that record. We used a dendrohydrological
approach, where climate-sensitive tree-ring (TR) widih
records serve as proxies for climate in a paleo-
hydrological model {Loaiciga et al, 1993). Detection
of recent environmental change often requires these long-
term records because natural climatic patterns, such as
the Pacific Decadal Oscillation (FDO), persist over
multiple decades and can obscure climate change effects
(Moore er al., 2007).



B. COULTHARD AND D, J. SMITH

While streamflow recomstructions based on TR data
have been developed for drought-sensitive regions
world-wide, applying traditional dendrohydrological
approaches to a small hybrid watershed in a temperate
environment is problematic. First, very flashy rainfall-
driven nmoff is ofien a major contributor to total annual
streamflow in coastal B.C. (Eaton and Moore, 2010).
Dendrohydrological models usvally target annual dis-
charge in large watersheds where both runoff and annual
radial tree growth are relatively unrespounsive to ‘flashy’
rainfall events (Pederson er al., 2001; Boninsegna ef af,
2009; Meko and Woodhouse, 2010; Yang ef ol, 2010;
Margolis et al., 2011; Sauchyn er al, 2014). Second,
trees on Vanccuver Island are rarely moisture stressed,
although the radial growih of some species is sensitive to
winler precipitation as a result of the energy-limiting role
of deep snowpacks (Marcinkowski ef al, In press}.
Dendrohydrological studies are usuaily conducted in arid
envirorments using trees whose radial growth is limited
by rainfall or snowmelt-derived soil moisture, which
directly influences mnoff (Woodhouse ef al, 2006). We
circumvent these problems by targeting low-fow season
streamflow In our reconstruction, a time of vear when
runoff is significantly less flashy, is primarily driven by
snowmelt, and is most important for drought manage-
ment (Smith and Laroque, 1998),

We hypothesized that summer discharge in a small
hybrid basin on Vancouver Island is driven by regional
snowmelt variations to the extent that TR records that are
energy-limited by snow could serve as proxies for climate
in 4 dendrohydrological reconsuuction of streamflow. To
date, palechydrological efforts in B.C. have explored the
utility of annval TR width and density records as proxies
for winter and summer temperature and snow water
equivalent (SWE) for reconstructing summer-season and
mean water year runoff in nival and glacial watersheds
(Gedalof et al., 2004; Watson and Luckman, 2005: Hart
et al., 2010; Starheim ef al., 2013). No prior altempt has
been made to develop seasonal reconstructions of the
hybrid streams that are most susceptible to drought in
coming decades.

We use the teym ‘drought’ to mmean streamflow drought, or
below-normal stream discharge, a componeni of hydrological
drought that often also coincides with reduced groundwater
availability (Van Loon and Laaha, 2015). Consistent with
B.C. government management practices, ‘drought” refers to
below-normal stream runoff persisting over a period of
consecuiive months (B.C. Minisiry of Environment, 2013).

RESEARCH BACKGROUND

Large precipitalion and temperature gradients characterize
most watersheds on Vancouver Island. Winter storms
originating in the Nosth Pacific Qcean bring moisture to

Copyrighl © 2015 John Wiley & Sons, Lid.
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the west coast of the island, where orographic lift resulls
in decp snowpacks at high elevation and large guantities
of rain in lowland areas (Stahl ef al., 2006). Rain shadow
effects on the east side of Vancouver Island result in dricr
conditions in lowland coastal regions (Rodenhuis e al.,
2007). Summers are warm and dry, and dominated by
persistent high-pressure systems (Rodenhuis ef af, 2007).
Scasonal hydroclimatic patterns are moderated by
synoptic-scale inler-annual and decadal modes of climate
variability stemming from ocean—atmosphere interactions
in the Pacific Basin, of which the PDO, the Fi Nifio
Southern Oscillation (ENSC), snd the Pacific North
America (PNA) pattemn have a particular influence on
regional streamflow (Kiffoey er e, 2002),

Hybrid streams on Vancouver Island are found
primarily in mid-elevation coastal and near-coastal areas
where mean watershed elevations are not high enough to
be fuily nival (Eaton and Moore, 2010). Hybrid streams
experience highest mean monthly flows during winter
rains, followed by a significant pulse of mmnoff from
snowmelt in spring. Lowest monthly flows occur during
sammer when discharge is govemed by snow meltwater
inputs, nominal summer precipitation inputs, and fosses
related to high summer air temperatures and evaporation
(Eaton and Moore, 2010). Snowmel can significantly
recharge deep groundwater flow pathways to augment
summer bascflow in the study region, even if only a small
snow fed headwater is present (Moore et al, 2007;
Beaulieu er al., 2012). Above average minimum summer
discharge is thereforc often coincident with deep
snowpacks that develop during cool and wet La Nifia
years, especially when enhanced by cold phases of the
PDO (Fleming et af., 2007). The proportion of rainfall-
derived versus snowmelt-derived runoff varies from year
to year in accordance with fuctwations in winter
temperature, so that annual flows in hybrid regimes can
be ‘more pluvial’ or ‘more aival’ in any given year
(Moore et af, 2007). A high between-vear range in
monthly flow totals is typical (Moore et al, 2007).

In the south coastal region of B.C., annual minimum
streamnflow has decreased in hybrid watersheds over the
last 30years, with low-flow magnitudes projected 1o
decline by up to 50% by the end of the century as a resuit
of seasonal climate trends (Rodenhuis ef al,, 2007, Mantua
et al., 2010). Winters have become milder and welter, with
less winter precipitation falling as snow and more as rain,
and more frequent rain-on-snow events. As a result, less
snow meltwater is available (o buffer low stream discharge
during the dry summer months (Pike er al, 2010
Projections suggest thar nival flow contributions will
weaken or become non-exisient, eventually shifting many
hybrid systems to more pluvial regimes (Eaton and Moore,
2010). Summers have become warmer and drier addition-
ally drawing-down summer fiows (Pike e? ai., 2010),

Hydrol. Process. (2015)



DENDROHYDROLOGICAL DROUGHT ASSESSMENT, TSABLE RIVER, VANCOUVER ISLAND

STUDY SITE

The Tsable River watershed is a small (113 km?) hybrid
basin located on the eastern slopes of the Beaufort Range
on ceniral Vancouver Island, in the rainshadow of the
Vancouver Island Ranges (Figure 1). With a maximum
basin elevation of around 1500 m asl, a significant portion
of precipitation within the watershed falls as snow above
1000m asl (Eaton and Moore, 2010), Tsable Lake
{(~1km?) and several smaller lakes are located with the
basin. Draining east to the Strait of Georgia, the lower
reaches of the watershed arc located within the dry
Coastal Douglas Fir Zone, transitioning from the Coastal
Western Hemlock Zone, to the Mountain Hemlock Zone
and Alpine Tundra Zone with increasing elevation
(Klinka er al, 1991). At high elevation (1000-1500m
asl) the growing season is shorl and cool, with very deep
snowpacks often persisting into the spring and summer.
Mountain hemlock (TM; Tsuga mertensiana (Bong.)
Carritre) trees are dominant, with subalpine fir (Abies
lusiocarpa (Hook.) Nutt.) and amabilis fir (AA; Abies
amabilis (Doug.) ex. Louden) trees occasionally co-
dominant, Industrial logging is the main land use in the
watershed.

Highest total monthly discharge in Tsable River occurs
from November through January, with spring snowmelt
causing a distinct pulse of runoff in May (Figure 2; Eaton
and Moore 2010). Analysis of annual hydrographs
provides a comparison between years dominated by
winter rainfall- versus summer snowmelt-derived runoff
(Figure 2}. Lowest flows occur in July through September
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(Figure 2). In recent years, Tsable River summer baseflow
has been far below optimumn for the river's populations of
chum, coho, and pink salmon, and resident and
anadromous steelhead and cutthroat trout (B,C. Conser-
vation Foundation 2006). Despite conservation efforts,
low-flows have degraded stream habitat to the extent that
the wild steclhead stock has likely been extirpated since
the early 2000s (Lill, 2002; Silvestri, 2004).

DATA AND METHODS

Hydrometric and climate data

Only three hybrid streams on Vancouver Island have
>30years of natural and continnous instramental data.
Tsable River was selected for this study because it is the
hybrid stream with the longest continuous natural
hydrometric record (1960-2009), and the watershed does
not contain large natural water storage features such as
lakes and wetlands, We downloaded monthly discharge
data for Tsable River from the Water Survey of Canada
(hatp:/fwww.wsc.ec.ge.ca/applications/H20/index-eng.
cfm). Missing values (1% of the data) were replaced with
long-term monthly means (station code 0BHB024; gauge
location latitude: 49.517, longitude: —124 841, elevation:
1 m asl). We used the average flow from July to August
for our reconstruction because the regional hydrological
literature suggests that stream discharge is significantly
comrclated with previons winter SWE during that season
(Rodenhuis er ql,, 2007; Eaton and Moore, 2010). The
July-Awgust streamflow data, hereinafter ‘summer

Figure 1. Map of the study area. (A) Vancouver Island. (B) Tsable River watershed 263 x 186 ym

Copyright @ 2015 Yohn Wiley & Sons, Lad,
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B. COULTHARD AND D. ). SMITH
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Figure 2, Tsable River water-year hydragraphs. Dark bars indieate the reconstruction seasan (July- Anpust). (A) Gauged mean monthly discharge over
the Tength of record used {1960-2009); (B} mean monthly discharge in a *more nival’ year when runcff during spring snowmelt outweighed rain-derived
runoff during winter; () mean menthly discharge in a "more pluvial® year when runoff from winter rains outweighed runoff from spring snowmelt

streamflow’ data, span the interval 1960-2009 and were
normalized using a log10 transformation.

May 1 SWE records collected at the Forbidden Plateau
manual snow survey sile (data period February-May
1958-2014; station code 03B01; latitude: 49.653, longi-
tade: —125.207, elevation: 1100m asl) were retrieved
from the Water Survey of Canada (hitp:/#/a100.gov.be.ca/
pub/mssfstationdata.do?station=3B01). May 1 is gener-
ally the maximum annual SWE measurement in the
Forbidden Plaicau dataset. We estimated monthly
maximum temperature and total precipitation anomaly
records on the coordinates of the Tsable River
hydrometric gauge site using the programine
ClimateWNA, ver. 4.83 (Wang ef al, 2006; 2012).
The programme downscales PRISM (Daly er al, 2002)
moenthly data (2.5%2.5 arc min} based on the reference
period 1961-1990. We compared the gauged and
reconstructed streamflow records with NOAA Multivar-
iate ENSC Index ranks (hitp://www estl.noaa. gov/psd/
enso/meif) and standardized values of the PDO index
downloaded frem the NOAA Earth System Research
Laboratory website (htep://www.estl.noaa.gov/psd/data/
climate indicesflist/). Winter (averaged October-March)
FDO data were used because year-to-year variability in
the index is most energetic during those months
(Mantaa, 2002).

Tree-ring data

Mountain hemlock and amabilis fir TR width data
were used for this study, In the northwestern United
States and Canada, the annval radial growth of high-
elevation conifer trees is often energy limiled as a result
of variations in snowpack depth (Peterson and Peterson,
1994). Snow may control the timing of the start or end
of the growing season and, therefore, total growing
season length through its influence on soil temperatures,
which warm rapidly after snowmelt (Graumlich and
Brubaker 1986). This climate-radial free growth rela-
tionship is well-documented in mountain hemlock trees
{Graumlich and Brubaker, 1986; Smith and Laroque,

Copyright @ 2015 John Wiley & Sons, Ltd.
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1998; Larogue and Smith, 1999; Gedalof and Smith,
2001a; Peterson and Peterson, 2001; Zhang and Hebda,
2004; Marcinkowski et al, In pressy and field
observations suggest amabilis fir trees typically initiate
leaf and shooi expansion shortly after snowmelt
(Worrall, 1983; Hansen-Rristow, 1986).

TR width data was compiled for one amabilis fir stand
and eight mountain hemlock stands located on central and
northern Vancouver Island {Figure 1, Table I). These data
were selecled because they provided the longest poten-
tially SWE-sensitive TR width records. Crossdated
amabilis fir TR width measuremenis collected by R.
Parish at Mt. Cain in 1999 were acquired from the
International Tree-Ring Data Bank website (http:/fwww.
ncde.noaa.gov/data-access/paleoclimatology-data/
datasets/tree-ring). Mountain hemlock samples were
collected between 1996 and 1998 by removing 1wo cores
with a 5.0-mm increment borer from trees at standard breast
height. Ring widths were measured using WinDENDRO
Ver 6.1b (WinDENDRO, 1996; Laroque, 2002). In 2014,
the measurements were crossdated visually (list method)
and statistically verified using the programme COFECHA
3.0 (Holmes, 1983; Grissino-Mayer, 2001). In some cases
physical samples were missing from the archived collec-
tions. Because crossdating was not possible  without
physical specimens, only a subset of the original satnples
could be used for each site. As a result, sample sizes per site
were very low in some cases (Table T).

Tree-ring chronclogies were developed using the R
package dplR (Bunn, 2008), We removed long-term
biological growth trend from the TR data by firing a
100-year cubic smoothing spline with a frequency cutoff
of 50 lo each TR series (Cook and Peters, 1981).
Dimensionless growth indices were produced by dividing
ring-width measurements by the expected valve of the
spline. The majority of the TR data exhibited low-order
autocorrelation as a result of the lagged influenced of
environmental conditions in previous years (Fritis, 1976).
We fit an autoregressive model to the data to remove
persistence, with the model order defined by minimiza-
tion of the Akaike Information Criterion. Only residual
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Table 1. Treering chronology information. Chronologies in bold font were entered as candidate predicters in the forward stepwisc

model

Chronology # LavLong Elev (m asl) RBAR® Length (years) Series (#) Trees (%) n’

Buildog Ridge* i 50.28 —127.24 1010 022 i845-1997 9 6 0.72
Castle Mountain® 2 50.45 —127,12 1150 .32 1845-1997 10 7 0.75
Colonial Creek® 3 50.28 - 12746 990 0,29 19401997 7 5 0.76
Silver Spoon® 4 40,08 --126.67 1100 0.37 19551994 11 g 0.66
N, Isl. Regional® —_ — 0.26 1630-1997 a7 28 .72
Mt. Apps® 5 49.44 —124.96 1340 0.29 1795-1994 40 22 0.63
Mi. Arowsmith® 6 4924 - [124.59 1460 0.33 1575-1097 11 8 0.72
Mit. Washingion® 7 49.75 —125.30 1470 0.42 1795-1606 15 12 .68
Cream Lake® 8 4948 --125,53 1340 0.36 1525-1995 29 i8 0.68
C. Isl. Reglonal® — — 0.30 1510-1997 95 61 .68
Mt. Cain® 9 50,22 —126.35 1005 0.31 1520-1999 64 34 0.83

# Mountain hemlock.
® Amabilis fir.

“ Mean correlation cocfficient among TR series, calculated from 1he detrended residual chronalagy.
Mean first-order autocorrelation calexlated using programme COFECHA, prier to autoregressive modelling,

chronologies estimated by this procedure were wsed in
the subsequent analysis (Cook and Holmes, 1986). Series
were combined into single representative ‘site-level’
chronologies using a bi-weight robust mean estimation
(Mosteller and Tukey, 1977). Where two or more series
were included from one tree, we averaged them prior to
incan chronology estimation in order to weight individ-
ual trees equally. We determined the adequacy of the
sample size for capturing the hypothetical population
growth signal by calculating the expressed population
signal (EPS; Wigley e al, 1984), and truncated the
chronologies where EPS < 0.80. Because of the low
number of samples per site, we aggregated the records
into regional chronologies where site-leve] chronologies
were significantly intercorrelued. This significantly
extended the lengths of our TR records by enhancing
signal-fo-noise ratios in the carly part of the record. The
methods vsed to estimate site-level chronologies were
also used to estimate regional chronologies.

The Pearson correlation coefficient was used to
summarize the strength of linear relationships between
various time seties in this study. All tests of association
were conducted over the longest common interval
between datasets. We used comelation tests to determine
whether the site-level and regional TR chronologies were
significantly linearly correlated with the gauged summer
streamfiow data, with Bonferroni corrections applied for
repeated testing (Dunn 1961). The temporal stability of
relationships in non-overlapping data subperiods was
tested using a difference-of-correlations test that employs
a Fisher’s Z transformation of correlations (Snedecor and
Cochran, 1989). Long chionologies that were significant-
ly (p <0.01) correlated with summer streamflow over the
full length of the streamflow record were retzined as
candidate mode] predictors.

Copyright ® 2015 John Wiley & Sons, Lid,
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Hydroclimate relationships

To determine the climatic variables controlling snmmer
discharge in Tsable River, and to justify a SWE-based
reconstruction model of the river, we tested correlations
of the pauged summer sireamflow data with various
monthly and seasonal climate data records. Effective
sample sizes (Dawdy and Matalas, 1964) were used as
needed in testing the correlations for significance, to
adjust for persistence in the individual time scries.

To assess the influence of smow on runoff, we tested
the correlation of gauged summer streamflow data with
current and previous year May 1 SWE values. We
applied the previously described difference-of-
correlations test (Snedecor and Cochran, 198¢) (o
determine if there is 2 significant change in the
relationship between streamflow and SWE before and
afier the 1976/77 PDO shift (Mantua, 2002). Because
high summer streamflow is uwsually associated with
cnhanced smowmelt in hybrid streams (Eaton and
Moore, 2010), we checked that low summer streamflow
years are also influenced by meltwater by sorting the
pauged summer streamflow data into lowest, middle,
and highest terciles, and calculating Pearson’s correla-
tions between the summer streamflow and May 1| SWE
values within each tereile.

Carrelations of gauged summer runoff with monthly
and seasonally aggregated temperature and precipitation
data were calculated wvsing the programme Seascorr
(Meko er al, 2011). Seascorr estimates confidence
tervals on the sample comelations and partial corela-
tions by a Monie Carlo simulation of the flow data by
exact simulation (Meko ez af,, 2011). Correlations of the
ganged summer streamflow data with maximom temper-
awre data were tested in 1- to 6-month intervals, with
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intervals ending in each month of the 14-month period
beginning in July of the previous year and ending in
August of the current year. Parlial correlations were then
calculated to determmine if annual, and especially summer,
precipitation makes a significant contribution to summer
runoff that is independent of the temperature influence,
We also tested monthly and seasonal correlations between
the temperature and precipitation data in the same
seasanal and monthly groupings. Relationships to climate
in the previous year were evaluated because we were
curious whether they influence Current-year summer
runoff as a result of hydrological lag effects in the
groundwater system.

Model estimation

The reconstruction model was estimated by forward
siepwise multiple linear regression of the summer
streamflow data in year t on the pool of candidate
predictor variables in years f, t+1, and 7+2. Lagged
predictors were entered to allow TR information in
subsequent years to inform on climate conditions in the
given year (Cook and Kairidkitis, 1990), We evaluated
regression models based on a suite of statistics widely
used 10 eviluate tree-ring based environmental recon-
structions. The adjusted K? statistic provides a measure
of (he explanatory power of the models accounting for
lost degrees of freedom. Analysis of the model
residuals, and the Durbin-Watson (D-W) and variance
inflation factor (VIF) statistics, were used to check the
modei fit and assumptions. The F-ratio gives an
estimate of the statistical significance of the regression
equation and the standard error of the estimate (SE) a
measure of uncertainty of the predicted values of the
mode] calibration. We vsed leave-one-ont (LOO) cross-
validation (Michaelsen, 1987) to validate the models
against data that were not used in the calibration, This
approach allowed us to use the full 37years of
corresponding streamflow and TR data for the valida-
tion procedure, which was important given the
relatively short calibration interval, We calculated
cross-validation statistics by comparing the predictand
gauged summer streamflow daia with the LOO-
estimated values of the predictand. The reduction of
emor (RE: Fritts er al., 1990) provides a rigorous
measure of model skill, with a positive value indicating
that the LOO estimates better predict instrumental flow
dara than the mean of the instrumental datz. The root
mean square error of cross-validation (RMSE,) gives a
measure of the uncertainty of the predicted values over
the venfication period. The Pearson correlation () and
R? of the observed and LOO-estimated values provide
additional measures of accuracy (Cook and Kairiaktis,
1990). The best model was calibrated over the full

Copyright © 2015 Joln Wiley & Sons, Litd,
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instrumental streamflow data record and used to
reconstruct historical summer streamflow over ihe
length of the shortest prediclor dataset. We back-
transformed the recenstructed values (modelled from
TRs) to the original flow units for plotting and analysis,
and checked that the selected model predictors are
linearly correlated with the reconsiructed flow data over
the full instrumental data interval. To confirm that they
operate as proxies for climate in our palechydrological
model we tested whether the model predictors are
correlated with May 1 SWE andfor spring/summer
maximum temperature. Cormelations with temperature
were calculated with Seascorr using the procedure
deseribed for hydroclimate correlations.

Analysis of the reconstruction

We compared statistical praperties of the reconstructed
record in the separate pre-instrumental (1520-1959) and
instrumental (1960-1997) periods, with those of the
gauged summer streamflow data. This comparison
allowed us to determine if the pre-instrumental recon-
structed record differs from reconstructed record during
the instrumental era in any significant way, and also
allowed us to assess the capacity of our model to
approximatc statistical characteristics of actual Tsahle
River summer streamflow. Extreme single-year droughts
were defined based on a bottom fifth percentile threshold
of summer streamfiow, calculated based on the full
reconstruction data period (1520-~1997). Drought titning
and magnitudes were then plotted as deparures from the
reconstucled mean summer streamflow caleulated from
the instrumental period. Comparing reconstructed valnes
in the pre-instrumental and instrumental periods puts
extrerne historical droughts in the context of recent
conditions without making unequal comparisons be-
tween TR-modelled streamflow data and gauged
streamflow data.

We caleulated the return interval of extreme droughls
following the equalicn of Mays (2005) and used Chi-
squared analysis Io test if the frequency of these events in
the gauged summer streamflow record (1960-2009)
differed from an expected frequency of five events per
100years (bottom fifth percentile). High year-to-year
summer discharge variance is typical in hybrid water-
sheds and can make it difficult to identify multi-ycar
swetches of generally low runoff, so we assessed the
number of years of below median nmoff over a sliding
21- year window. To determine whether reduced summer
runoff corresponds with enhanced overall runoff variance,
we visually compared extreme drought timing and
intervals of generally low discharge with a sliding 21-year
average of the standard deviations of the reconstructed
suminer streamflow valnes,
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The gauged and reconstructed summer streamflow
records were compared with instrumental ENSQ and
PDO records (o investigate the influence of large-scale
climate modes on droughts and wet episodes. A test of
proportions (Newcombe, 1998) was used to determine if
the proportion of years with below-median (or above-
median) runoff during El Nifio years equals the
proportion of years with below-median (or above-
median) runoff doring weak- and non-El Nifio years,
The strength of El Nifio/La Nifia in 2 given year was
based on NOAA Multivariate ENSQ Index tanks. The
same difference-of-correlations test (Snedecor and
Cochran, 1989) was used to determine il correlations of
the winter PDO data with the gauged and reconstructed
streamflow records are significantly different during cool
versus warm PDO phases. Effective sample sizes (Dawdy
and Matalas, 1964) were used as needed to account for
autocorrelation in the indjvidual time series. A Morlet
wavelet analysis (Torrence and Compo, 1998) was
performed on the full reconstructed record (o highlight
localized fluctuations of power over time that may be
associated with climate modes.

RESULTS

Tree-ring datu

We developed eight site-level mountain hemlock
chronologies and one site-level amabilis fir chronology
for this study (Table I). Four significantly intercorrelated
{mean r=0.753, p<0.01) mountain hemlock chronolo-
gies were combined into a regional chronology
representing northern Vancouver Island, and four signif-
icantly intercorrelated (mean »=0.841, p<0.01} moun-
tain hemlock chronologies were combined into a regional
chronology representing the central part of Vancouver
Island. Consolidating short site-level chronologies en-
hanced chronology sample depths to the extent that the
regional chronologies could be nsed for dendroclimatic
reconstruction. Chronology lengths for the final chronol-
ogics ranged from 367 to 487 years and mean correlation
coefficient among TR series (RBAR) ranged from r=0.26
to 0.31 (Table I}. All chronolegies were significantly
{(p < 0.01) comrelated with the gauged summer streamflow

data (r ranging from 0.266 to 0.867). The two regional
chronvlugies and the Mount Cain amabilis fir chronclogy
were felained as candidate model predictors.

Hydroclimate relationships

Of the monthly and seasonal climate data tested, the
Tsable River gauged summer streamfow data are most
strongly correlated with current-year May 1 SWE (Table IT),
a positive rclationship that is stable over the over the
1976/1977 PDO shift (Mantua, 2002). This relationship is
also significant (p < (.05) in the lower and upper, but not
middle, terciles of the gauged data (lower tercile: =17,
r=0.529, upper tercile: n=17, r=0.552). The gavged data
are also negatively correlated with maximum lemperature
in March through August of the corrent year (Table [,
Figure 3) and, independenily, with winter precipitation
but not surarner precipitation (Figure 3). No relationships
to climate in the previous year were significant. Panel B in
Figure 3 indicates that temperature and precipitation data
are significantly negatively correlated in July through
October and May through August.

Model estimarion and reconstruction

A reconstruction that used the central island regional
chranology in time 7 and Mt. Cain amabilis fir chronology
in time ¢ was selected as the best model

Q= 205~ {0993*central island TRs)
—{0.527* M. Cain TRs)

Time plots of the chronolngies are presented in Figure 4.
Despite similarities between the predictors, the stan-
dardized coefficients indicate that the amabilis fic
chronology contributes significant additional explanato-
ry power to the model (beta=-0.33) reiative to the
central island chronology (beta=-0.60). The recon-
structed record spans 1520-1997 and explains 63% of
the vardance in the gauged Tsable River summer
streamflow data (1960-20:09) accounting for lost degrees
of freedom. The reconstructed and the gauged
streamflow data are compared in original streamflow
units in Figure 5A. Regression and cross-validarion
statistics are surnmarized in Table II, and a time plot of

Table TI. Hydroclimate comelations

Central Isl, TM Mt. Cain AA SWE Max T
Q (JA) —0.75 —0.61 May .70 Mar—Aug —0.61
Central Isl, TM —_ 046 May —0.58 Mar—Apr 041
ML Cain AA Jul-Aug - 0.36

Currenl year in capital letters.
For all correlations p < 0.01,
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Figure 3, (A) Menthly and seasonal correlations between Tsable River July- Avgust sreamflow (Q) and maxioim temperature, aver I-, 3, 6-, and 12-month

sliding windows beginning in the previous July through current August {(10p}, and; monthiy and scasonal partial correlations between Tsable River

flows and precipitation, controlling for the influence of maximom temperature. (B) Monthly correlations between lemperature and precipitation,

beginning in the previous July through currens August, Red-hatehed bands represent 93% confidence intervals with the confidence interval set at
0+1.96/4/N, where N is the sample size. All tests were calculated using Seascorr
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Figure 4. Time plot of tree-ring chronologies used a5 model predictors.
EPS values are plotted with a hawhed line

the cross validafion is presented in Figure 5B.
Collinearity diagnostics indicate that predictors are
adequately independent, and the Feratio indicates a
statistically significant regression equation. The positive
RE value is very similar to the validation R?, and the SE
value approximates that of the RMSE,, suggesting a
well-validated model. The LOO-generated predicled
values of the predictand are significantly and strongly
(r=0.62, p<0.01) comelated with the gavged summer
streamfiow data. Analysis of regression residuals
indicated that the models do not violate regression
assumptions. The chronologies are significantly
{p <0.01) correlated with the gavged summer
streamflow data over the full period of that record
(Figure 5C, Table 11).

Copyright © 2015 Jotm Wiley & Sons, 1.1d.

P19

1] —r.-~---r-----‘-1- T Ty T e g ey
1960 1970 1981 1990 M0Ha 2009
C 0.2
. ' Lo g
. .
o -04 =
A\ il =
AL i g
A |
! HE NS
! pE =
L ‘ oG
960 197D 1550 1940 $2 LY
Yeuars 2 ‘I"Flll ]

Figure 5. (A) Time plot of the reconstructed (hatched line) and gauged
(salid line) summer streamflow data, backtransformed to original flow
units, over the model calibration period. The instrumental data extend to
2009. (B) Time piot of the cross validation. The solid line represents the
gauged (transformed) streamflow data, and the haiched line represents the
LOOC estinates. {C) Scatterplots of the linear associations of the central
island regional chronology (above: R"=-—O.56S) and the Mount Cain
chronology (below: R2= —0.373) with the predictand streamflow data

The central island regional chronology is most strongly

negatively correlated with May 1 SWE, and is also
weakly positively correlated with maximum temperature
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Table L. Reconstiuction and cross-validation siatistics

~ RZIS

016 079 0.62

Adj. ¥ D-W VIF SE Fuatic® RE RMSE}

0.63 2.08 127 D16 3286 0.62

“ Significant af the $9% leve),

b Derived from wansformed flow (unitless).
¢ Cross-validation r (p < 0.01),

4 Cross-validation &°.

in March through April (Table II). The Mt. Cain amabilis
fir chronology is most strongly negatively correlated with
May 1 SWE, and also exhibits a weaker negative
correlation with maximum temperature during July and
August (Table I, Figure 4),

Analysis gf the reconstruction

The cross-validation time plot exhibits strong coher-
ence between the gauged summer streamflow data and the
LOO-estimated values (Figure SB), Whiie the magnitdes
of both high and low flows are over and underestimated at
times (for example, the magnitudes of the three lowest
flows are underestimated), the modelled data track the
instrumental data well overall.

Generally, our reconstruction describes very high year-
to-year variance typical of a small hybrid streamfiow
regime that shifis intermittently from more pluvial to
more nival states, and where variance is not smoothed by
hydrological Jag over multiple years (Figure 6). Autocor-
relation function plots indicate that neither the gauged or
reconstructed summer streamflow data are significantly
autocorrelated at lags <J5years. Generally symmetric
high-to-low flow variance is punctuated by intervals of
enhanced variance driven by high flows (Figure 6). While
the mean summer streamflow valnes and standard

variances are similar in the gauged and reconstructed
records, the gauged minimum/maximum values are
slightly lower/higher than the reconstructed values
(Table IV). A scatterplot of the standardized residual
values against the gauged summer streamflow data, as well
as the width of the recomstruction confidence intervals
(Figure 6) suggest that our model most accurately estimates
summer streamflow values in low flow years and may
underestimate them in high flow years.

The timing and magnitudes of bottom fifth percentile
flow years (Q<1.67m%s} are plotted in Figure 6.
Twenty-two extreme droughts occurred prior to the
instrumental record, with a 20 year return interval (Figure
6, Table V). The most extreme droughts recorded
ocenrred in 1651, 1660, and 1665, with an unusual
cluster of seven drought years occurring between 1649
and 1667, Only once in the last 440 years have drought
conditions persisted for three or more years {1665-1667).
None of the reconstructed droughts was more severe than
the worst instrumental drought in 1992, when summer
streamflow was only 21% of the reconstructed instru-
mental period mean discharge (Table V).

Tabie IV, Gauged and reconstructed streamflow statistics

min  mean  max
Streamflow data m*s) (ms) (m¥s) v ot
Gauged 0.9 4.4 186 0,53 —Q.11
Reconstructed 1.3 4.2 134 669 -0.12
(instrumental pericd)
Reconstrucied 0.7 4.1 133 054 -0.11

(pre-instrurnental period)

® Coefficient of variation.
First-order autocorrelation coefficient. Nome significant (p < 0.05) for
lags 1-15.
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Figure 6. {A) Extreme droughts, plotted as departures from the reconstructed insiramentat period mean. Reconstructed droughts are represented with red

bars and gauged droughis with red hatched bars. The

gauged drought maghitudes are calculated from a threshold derived from the reconstructed record.

(B) Time plot of reconstrucied Tsable River July-Angust streamflow (black line) with 5-year ranning mesn (white line}, gauged streamflow data (blue

Iine}, and 95% confidence intervals calculated from the RMSEy

(Weisberg 1985; grey envelope). () Line graph of the mumber of years when

Tuly-August sireamflow fell below the median value of the full-peried reconstruction, plotted over 2 21-year skiding window {grey fill} and a sliding

21-year average of the standard deviutions of the reconstructed

streamflow data {doited line). For both the median departures and standard deviations,

each plotied value represents the central value of the sliding window
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Table V. Pre-instrumental bottorn fitth percentile low-flow timing
and magnitudes (regular font), and gauged Hows falling below the
reconstincted bottom fifth percentile threshold (boid font).
Presented in order of severity

% of
reconstructed
Mean instrumental
Departure® July-August period
Year fm>/s) flow (m”/s) mean
1992 —3.33 0.91 21
1651 -3.21 1.03 23
1660 -3.14 1.10 25
1665 —-3.11 1.13 26
1860 —2.98 .30 29
1593 —-2.93 1.31 30
1792 —-2.02 1.32 30
1834 --2.91 1.33 30
1915 —32.80 1.35 31
1985 --2.86 1.38 a1
1562 —2.88 1.40 a2
1941 —2.81 1.43 32
1868 -2.76 148 33
183% <275 1.49 34
1704 —2.70 1.54 3s
1674 - 2,60 1.55 is
1780 -2.66 1.58 36
1543 —2.65 1.59 36
1655 2,65 1.59 36
1977 —2.65 1.59 36
1666 - 2.62 1.62 37
1667 -2.62 1.62 37
1905 —-2.60 1.64 37
1565 -2.58 E.66 38
1591 —-2.58 1.66 38
1996 ~2.58 1.66 a8
2003 —-1.58 1.66 kH

“ Departuse from the reconstructed instrumental period mean {4.24 m/s).

Gauged summer streamflow values also fell below the
bottom fifth percentile threshold in five ycars (1977,
1985, 1992, 1996, and 2003; Figure 6, Table V). The Chi-
squared analysis indicated that the frequency of extreme
droughts in the gauged record does not differ from the
expected frequency (Chi-squared=4.69, p=0.10). We
have reported the magnitudes of extreme instrumental
droughts in terms of their depariore from the reconstruc-
tion mean over the instrumental period which is a
slightly unequal comparison becanse the instrumental
period was omitted from the calculation of the botiom
fifth percentile threshold.

The number of vears where summer streamflow fell
below the median value of the full-period reconstruction
is plotted over a 21-year sliding window in Figure 6.
Each value in Figure 6 represents the central vaive of the
sliding window. The ploi makes it possible to identify
pericds of tlime when summer streamflow was either
high or low overall relative to the median, despite the
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very high year-to-year variance dominating the recon-
struction. Periods of overail lower flows occurred from
the mid-1560s to Tate 1500s, 1650-1720, 1770-1810,
and 1905-1941. Visual comparison of these periods
wiih intervals of higher year-to-year summer streamflow
vaniance, highlighied in Figore 6 by the sliding-mean
standard deviations, dees not suggest any relationship of
generally higher/lower summer streamflow with higher
overall variance,

Neither the gauged or reconstivcted summer
sireamflow records exhibited differences in the number
of belew (above)-median flows during El Nifio versus
weak- and non-El Nifio years (Table VI). Both records
were significantly correlated with winter PDO over the
full common data interval (r=-047 and r=-0.23
respectively, p<0.01), although the reconstructed
record exhibited a weaker relationship. Relationships
with winter PDO were stronger during the eariy/cool
phase (1860-1976; r=--0.57 and r=—0.47 respective-
Iy, p<0.01) than the late/fwarm phase (1977-1997;
r=-030 and r=- 0.11 respectively, p<0.01}, but the
difference between correlations in these periods was not
statistically significant for either record. The wavelet
power specirum identifies repeating, but not necessarily
regular, fluctuations {energy) in the time series over
time (Tomrence and Compo, 1998). The reconstructed
streamflow data (Figure 7) exhibits significant {p < 0.01)
energy in the approximately 2, 4, and 8-year bands that
is intermittent over lime, and energy in the approxi-
mately 15-30 year band that is more persistent nver
time, including throughowt the mid- 1600s, 1800-1850,
and 1960-1980.

Table VI. Test of proportions determining associations of
instrumental and reconsiructed flow data to El Nifio events,
caleulated over the period 1960-1997. Calculated vsing function
prop.est in R, Proportions of years in each streamflow category
noted in parentheses, The noll hypothesis that both groups have
the same true proportions was tue for all tests, with z values

ranging around (.32 (average)

# El Nifo
and non-El
Streamflow # El Nijio # non-Ef Nifio Niiio
calegory yeary years years
Instromental
flow data
Below median 9 (40.9%) 10 (62.5%) 19 (30%)
Above median 13 (59.1%) 6 (31.5%) 19 (50%)
Total 22 (100%) 16 (100%) 38 {100%:)
Reconstructed
flow data
Below median 8 (36.4%) 11 (68.7%:; 19 (50%)
Above median 14 (63.6%) 5 (31.3%) 19 {50%}
Total 22 (100%) 16 (100%) 38 {100%)
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Figure 7. Morlet wavelet power spectrum on the full reconstructed

steamflow record, The black comours represent the 95% confidence level

based on @ white-noise background spectrumn. The hatched area represents

areas pf the specurum susceptible to the effects of zera padding (Tomence
and Compo 1998)

DISCUSSION

Reconstruction model

Our reconstruction effectively estimates July-Aungust
streamflow ic Tsable River based on two TR-derived
proxy records sensitive to regional-scale SWE variabil-
ity. Correlation analyses indicate that runoff during this
season is driven principally by snowmeit, and that the
selected TR predictors primarily operate as proxies for
that streamflow component in our paleohydrological
model. The sensitivity of gauged summer streamflow
data to previous winter SWE and spring/summer
maximum temperatitres supports ihe interpretation that
‘Tsable River is characterized by a hybrid hydrological
regime. Tercile correlations confirm that low
strcamflow values, not just high streamflow values,
are influenced by snowmell. The gauged streamflow
record is also influenced by summer temperatore
fluctuations which can impact runoff because of the
large relative influence of evaporation on small basing
(Margolis er wal., 2011). Some tempcerature-related
variability may be incorporated into the reconstruction
because the two predictor TR chronologies are influ-
enced by temperature in the spring and summer,
respeciively. The model residuals are correlaled with
maximum temperature during March (—-0.42, p<0.01)
but not doring summer months, suggesting summer
temperature related variability from the Mouat Cain TR
chronology may influence the model estimates. The
negative relationship between TRs and summer tem-
perature means that summer temperature information
within the TR chronology serves to weaken the
relationship between TRs and streamflow, which may
reduce model accuracy {(although the TR-temperature
relationship is notably weak; r=-0.36, p<0.01).
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Finally, ihe instrumental streamflow data are influenced
by winter rainfali persisting in the groundwater system,
and summer rainfall. Neither of these flow components is
captured by our model but, because they contribute little
to summer runoff, it is not likely this seriously reduces the
accuracy of the reconstruction. A possible Bmitation of
our reconstruction is that cross-validation statistics can be
biased npward when the cross-validation period is short
{Meko, 2006), although the cross-validation time plot
indicates a strong model validation.

Our reconstruction is primarily ‘tuned’ 10 SWE-driven
runoff variations. However, we found that the pauged
summer streamflow datz are also influenced by
springfsummer maximum temperature. The inability of
our model to fully capiure temperaturc-driven summer
streamflow variability likely contributes to general
underestimation of the severily of the lowest gauged
flows (3/4 lowest instrumental flow values are
underestimated), although low flows are still more
precisely estimated than high flows. The incorporation
of a summer temperature-sensitive proxy in a similar
model may improve the accuracy of low-flow magnitude
estimations and, given the non-independence of temper-
ature and precipitation fluctuations during summer, might
also enable a model o account for some poriion of
variability in summer precipitation.

As is typical in TR-based regression, our model does
not capture the full range of instrumental streamflow
variance (Table TV; Cook and Kairioktis, 1990). We
cmphasize that as a resull, the reconstruction likely
underestimates the severity of historical lowest summer
flows. For example, although the model residuals
suggest low flows are generally more accurately
estimated than high flows, the magnitudes of the three
waorst instrumental droughts are all underestimated in
the cross-validated and reconstructed data (Figure 5A,
B). We have also reconstricted mean., not minimum,
July—Auvgust streamflow values; actual lowest
streamflow values would be lower than those estimated
by ocur model.

Extreme droughts

Twenty-two exireme droughts occurred over the 439-
year pre-instrumental record. As a modem analogue, the
low-flow magnitudes in all but one of these years were
mere severe than the gauged values in 2003 and 2009
when severe summer drought throughout sonthem and
coastal B.C. seriously impacted community, irrigation,
and hydroelectric water supplies in un-glaciated catch-
ments (B.C. Ministy of Environment, 2010; Puska
ef al,, 2011). Our reconstruction suggests that droughts
of 1he seventy of those in 2003 and 2009 are not
anomalous relative to the last several hundred years and
should be accounted for in water management strategies
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(in fact, 2009 was nol flagged as an extreme drought
year based on the long-term threshold). Further, worst-
case scenario natural droughts based on hydrometric
data records are likely underestimated because mere
severe events occurred outside the hydrometric data
period. It is possible that exireme natural low fows,
paired with pressures from land-use and climate change,
could resuit in a drought that is more severe than any
since 1520. It is important 0 consider that very low
flows in unglaciated Vancouver Island streams since
2009, especially in 2014 and 2015 (B.C. Miristry of
Forests, Lands and Natural Resource Operations 2014;
B.C. River Forecast Centre, 2015), may well have
surpassed the severily of gauged droughts analysed for
this study but could not be accounted for because of
unavailable hydrometric data. The instrumental drought
in 1992 may be more exireme than any in the
reconstructed record, but this should be intespreted
conservatively becanse the reconstricted streamflow
variance is somewhat suppressed relative to the ganged
record; actual magnitudes of pre-instrurental low flows
may be as or more extreme than in 1992,

Our results suggest that relative to the preceding
440years, the magnitudes of extreme droughts in Tsable
River did not generally worsen from 1960 w 2009
Frequencies of lowest flow events also did not increase. A
large outlicr (high-flow vyear) in 1999 obscures a
significant long-term negative trend in the gauged data
(tested using a i-test of the slope of a regression of the
insttumental flow data on tme with 1999 rermoved)
indicating that, with the exception of one year, Tsable
River summer ranoff has declined overall between 1960
and 2009, Analysis of SWE and precipitation data shows
the outlier is related to very high snowfall (July-August
precipitation was equal to the long-term 1960-2009
average in that year, while SWE was 217% of the
average). This trend is not exceptional compared to the
rest of the reconstruction, which suggests long-term
streamflow declines of similar length and magnitude
began around 1640, 1700, and 1800. Without data for the
most extreme recent drought years, it is not pessible to
assess the unusvalness of recent streamflow (rends
relative to the last few centuries.

Our findings highlight that consecutive years of very
low fiows have been extremely rare in the Tsable River
system, which is consistent with minimal muolti-year
hydrological lag in small coastal watersheds and is an
important hydrological feature for water management.
Because the likelthood of extreme droughts is largely
unrelated to conditions in the previous year, these
events are highly unpredictable compared with large
basins where persistent, multi-year drought is typical
(Mcko and Woodhouse, 2010). From a model-
development standpoint, mimicking the zero-
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autocorrelation structure of the gauged summer
streamfow dala was critical for developing an accurate
reconstruction. The dendrohydrological approach risked
imtroducing ‘artificial’ persistence related to biological
tree growih into our model, but use of residual
chronologies guarded against this.

We found no cvidence that the timing of below- or
above- median sireamflow in Tsable River corresponds
with Bl Nifio or weak- and non-El Nifio years, in either
the instrumental or reconstructed flow data. We
evaluated El Nifio years because they are typically
associated with the low flows of interest to this study
and which are most accurately estimated by our model.
We did not evaluate associations with La Nifiz events
that are typically more strongly associated with annual
streamflow in hybrid watersheds, and comespond with
enhanced winter precipitation and total runoff (Fieming
el al., 2007). In contrast, both the reconstructed and
gauged streamfiow records are influenced by winter
PDO during the common data interval, with the
strongest (negative) relationships occurting during the
cool phase of the oscillation, This suggests an influence
of SWE on summer low flows, consistent with cool
FDO phases promoting more snow and higher
snowmelt-derived nmoff than warm phases (Fleming ¢t al,
2007). That the difference in correlations between the
warm and cool phases was not statistically significant
may have been because of small effective sample sizes
(17 and 21 years), Interrnittent ENSQO-like power in the
reconstructed record is evident in the approximately 2,
4, and 8-year bands of the wavelet power spectrum
(Figure 7). PDO-like multidecadal power weakens
between 1850 and 1910, as documented in other
independent reconstructions of that oscillation (Gedalof
and Smith, 2001b, MacDonald and Case, 2005).

Comparison with historical temperature, precipitation,
and drought records is made difficult by a lack of
relevant high-resolution records in Pacific Canada and
the porthwestern United States. The most pertinent
recards, which represent seasonal andfor spatial contexts
distinct from those of this study, unsarprisingly yielded
no notable similarities to historical Tsable River
streamflow variability (Grauwmlich and Brubaker 1986;
Larocque and Smith 20035; Luckman and Wilson 2005:
Jarrett 2008, Wiles er al., 2014). Neither does our
reconstruction correspond with the few (non-hybrid)
streamflow reconstructions developed in B.C. {Gedalof
ef al., 2004, Hart & al., 2010, Statheim er al., 2013),
similar records from Canada’s western interior (Case and
MacDonald 2003; Axelson er af., 2009), or large-scale
historical drought episodes such as the 19291940 Dust
Dowl, the 1946-1956 drought in the southwestern
United States (Fye ef al, 2003), or the 16% century
megadrought {Stahle et al, 2000). In the instrumental
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period, recent large-scale droughts in the Canadian
Praiie provioces (e.g. 2002; 1999-2005; Canadian
Foundation for Climate and Atmospheric Sciences
2010) arc nol expressed in the Tsable River gauged
record, reinforcing the distinct hydroclimatological
character of B.C.’s small coastal basins relative to
surrounding regions.

CONCLUSION

Long-term pesspectives on hydroclimate varjability are
critical for water management, with small temperate
watersheds representing a frontier for palechydrological
modelling (Biondi and Strachan, 2012). We demonstrate
that a dendrohydrological approach focused on the SWE-
driven streamflow component is appropriate for deter-
mining drought-season runoff in small hybrié watersheds
in coastal B.C, Tree-ring width records that are energy-
limited by spring snowmelt timing were effective proxies
for this streamflow component. Our reconstruction of
Tsable River suggests that the severity of droughts ip the
440 vears preceding the instrumental record exceeded
modemn analognes such as the 2003 and 2009 droughts,
The fact that recent ‘extreme’ events fall within a natural
range of multi-century variability means that rather than
being considered anomalies, exwreme droughts should be
expecied and incorporated into drought management
strategies. Most importantly, our findings suggest that
worst-case scenario natural drought estimates based on
hydrometric data are likely underestimated. Given
projected climate wends and pressures from land-use
change and increasing human demand for water in the
stady area, exacerbation of natural droughis can be
reasonably anticipated in hybrid basins in coming
decades, potentially resulting in low flows that exceed
any since 1520,

There has been a significant decline in Tsable River
summer runeff from 1960 to 2009 with the exception of
one year. The frequency of extreme droughts did not
increase between 1960 and 2009, but we could not
account for severe events after 2009 — including the
major droughts that occurred in 2014 and 2015 —
because of a lack of hydrometric data. Both the gauged
and reconstructed streamflow records experienced
significantly greater runoff during cool phases of the
PDO, which favour deep snowpacks. There was no
measurable influence of El Nifio on the timing of below-
median flows but ENSO-type variability is apparent in
the wavelet analysis. Thiz varability may be related to
the influence of La Nifia on high flows in hybrid
systems in the study area. While our reconstruction is
primarily ‘tuned’ 1o SWE-relaled fow variability, a
mode]l that could account for the influence of
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spring/suminer temperature on summer sitreamflow
may impreve drought magnitude estimates.
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ABSTRACT: The long-term effect of logging on Jow surmmer stream-
flow was investigated with a date set of 38 yrars. Hydrologic
records were anslyzed for the period 1953 and 1988 from
Watershed (WS) 1 (clenriut logged and burned), W8 2 {uplogged
control), end WS 3 (25 percent paich-cut Jogged and burned) in the
H. J. Andrews Experimental Forent, western Cascade Range,
Oregon. These records spanned 9-10 years before logging, and 21-
25 years after logging aind buming. Streamflows in August were
the lowest of any month, and were unaflected by occasional Heavy
rain that cocurmed at the beginning of summear. August streamflows
inrrensed in WS 1 coxpared to WS 2 by 159 percent following log-
ging in W8 1, but thie increase lastod for anly eight year following
the start of Jogging in 1962 Water yield in Angust for 1976-1588
abaerved fiom WE ! war 25 percent leas than predicted from the
;  control (WB 2, ANOVA, p=0,032).

Water yield in August incrensed by 59 pereent sfter 25 percent
nf:hamnofwsswupnhhmtbggadmdhmadin 1963. In
contrast to WE 1, however, waler yields from W3 3 in August were
consistently greater than predicted for 16 years following the start
of logging, through to 1878, For the 10 years, 1279-1988, water
Yield observed in Angust from WS 8 waz not different than predict-
#d from the control (WS 2, ANGVA, p-0,175).

The contrasting responses of WS 1 and 8 to logging are thought
i be 1he result of differences in riparian vegetation caused by dif-
ferent geomorphic conditions. A relatively wide valley floor in WS 1
sllowed the developmént of bardwoods in the riparian zone follow-
ing logging, but the narrow valley of WS 8 and limited pediment
deposits prevented establishment of riparian hardwoods.

Low streamflown during summer have bmplications for anlronid
survival, Reduced streamflow vednces the amonnt of rearing hebi-
tat, thus increasing competition. Combined with high water tem-
Peratures, reduced streamfiow cuo lead directly to sximonid
Tortality by driving sulmonids from riffles and glides, and trapping
t!lemindxyingponh.lmrsiréamﬂowdminmmoxymdeple'
Gan caused by leaves from riparian red alders.

(KEY TERMS: astreamflow; logging; selmonids: water use: water
#torage; evapotranspiration; dissolved oxygen.)

e e g i e gt e

LONG-TERM CHANGES IN STREAMFLOW FOLLOWING LOGGING IN
WESTERN OREGON AND ASSOCIATED FISHERIES IMPLIGATIONS!

Brendan J. Hicks, Robert L. Beschia, and R. Dennis Hoarr?2

INTRODUCTION

Many studies have shown that removal of vegeta-
tion by clearcut Jogging results in increased annusl
water yield (e.g., Bosch and Hewleit, 1982; Harr,
1983). This increased streamflow is cansed by redue-
tion of the water loss associated with vegetation
through interception, evaporation, and transpiration.
It is generally assumed that some time after clearcut
logging, annual water yields will approach prelogging
values as vegetation regrows (Kovner, 1956;
Rothacher, 1970). The rate of regrowth and concomi-
tant reduction of water yield depends on a number of
factors, among which are climate, plant species, soil,
and altitude. Studies at the H, J, Andrews Experi-
mental Forest in the Cascade Range of western
Oregon (Figure 1) predicted that return of annual
water yield to prelogging levels might take about 27
years in this environment (Equation 1, in Harr, 1983),

Whether water yvield actually returns to the prelog-
ging level, or to zome Jevel above or below it, has not
previously be established in the Pacific Northwest of
the U.S. Few studies have sufficiently long periods of
ohservation with which to investigate Jong-term water
yield following clearcut logging. In addition, short-
duration studies have covered only the peried of
increased water yield immediately following logging
(e.g., the Alsea Watershed Study, Harris, 1977), being
terminated before regrowth of vegetation subsequent-
ly reduced loggring-related flow increases to pretreat-
ment Jevels. This study examines the long-term effect
of timber harvest, taking into account the period of
vegetative regrowth following logging.

In certain environments, water yields might
decrease following logging. Instead of the expected
increase, a small (<20 mm) decrease in annual water

Paper No. 80082 of the Water Resources Bulletin. Diatussions are open until December 1, 1991,
pectively, Fisherles Sclemtist, MAF Fisherics, Freshweater Fisherien Centre, Ministry of Agriculture and Fisheries, P.O. Box 8016,

Botorua, New Zealand; Professor of Forest Hydrology, Dept. of Forest Engineering, Ovegon State University, Corvallis, Oregon 97831; and
w““"h Hydrologist, USDA Porest Service, Pacific Northwest Research Station, College of Forest Besources AR-10, University of

gton, Sexttle, Washington 98195.
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yield was observed after 25 percent of & watershed
was patch-cut logged at Fox Creek, Bull Run
Municipal Watershed, on the western slopes of Mt.
Hood, Cascade Range, western Oregon (Harr, 1982).
The experimental watersheds at Fox Creek extend in
elevation from 840 to 1070 m, where fog is common.
Interception of wind-blown fog by 46-55 m-tall
conifers is an important source of moisture in the Fox
Creek watersheds, and fog interception was reduced
by removal of vegetetion, thereby reducing the annual
smount of moisture available at the soil purface G.e.,
precipitation plus fog drip) by up to 30 percent com-
pared to prelogging levels. Fog has also been shown to
contribute significantly to annwal precipitation in
coastal forests in Oregon and northern California
(Isaac, 1946; Azevedo and Morgan, 1974),
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Figure 1. Location of Watersheds 1 and 2 in the H. J, Andrews

Experimental Poreat, Cascade Range, Oregon
{after Rothacher ez al., 1967),

Forests have a substantial effect on water yield in
environments other than fog zones, Interception of
precipitation and transpiration by trees have a pro-
nounced effect on water balance in regions with mod-
erate to high annual precipitation (above about 1500
mm) and dry summers (Pearce and Rowe, 1979).
Many of the production forests in western North
America ‘eccupy such environments, and freshwater
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resources could be affected as second-growih forest
replaces mature forest.

Diminishing water flows from June to September
can adversely affect stream inhabitants, Even smai)
reductions in water yield in summer can be detyimen-
tal to salmonide, Several studies have suggested that
volume of summer rearing habitat is a significant fac.
tor affecting fish production (Smoker, 1953; Everest
and Sedell, 1984; Ellioit, 1985; Hicks, 1990). Also,
when flow is reduced stream temperatures may
increase, causing increased stress, disease, and com-
petition among fish, Temperatures preferred by rain-
bow trout (Oncorhynchus mykiss, formerly Salmo
gairdneri), or optimum for their growth, range from
12 to 22°C. Temperatures of 25°C or above may be
lethal (Cherry et al,, 1976). Increased yield of eoarse
sediment followmg logging: can increase the effect of
low flows, causing shallowing and widening of stream
channels (Lyons and Beschta, 1983; Tripp and Poulin,
1986).

METHODS

Predicting the responze of summertime stream-
flows to forest management activities requires a long
period of record, preferably from paired watersheds.
One of the few long-term records of changes in water
yield from paired watersheds in an environment with
moderate to high annual precipitation and dry sum-
mers comes from Watersheds (WS) 1, 2, and 3 of the

'H. J. Andrews Experimental Forest (Figure 1). The

study basins have areag of 96 ha, 60 ha, and 101 ha,
respectively, and are underlain by volcanic rocks,
including andesite and basait lava flows, and tuff
breccias (Rothacher ef al.,, 1967). The watersheds
range from 442 to 1082 m, at which elevation the vast
majority of precipitation falls as rain (Rothacher et

al., 1967). Snow that does fall between 400 and 1100
m e]evahon in western Oregon is transient, usually
melting in 3-4 days during subsequent rain (Harr,
1983), and thus is of little significance to summer
streamflows.

Streamflows were calibrated by taking baseline
measurements in the unlogged watershede from 1953
to 1861 for WS 1, and from 1953 to 1862 for WS 3.
Logging began in WS 1 in 1962, and continued until

'1966. Remaining vegetation and logging slash in WS

1 wag burned in October 1966 (Rothacher, 1970), In
iate 1962 and early 1963, 25 percent of the area of WS
3 was patch-cut logged, and these cleared patches
were burned in September 1963. Watershed 2
remained unlogged as a conirol, with precipitation
measured at a climate station in WS 2, Months were
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grouped by water year (October 1 to September 30)
for analysis of streamflow and precipitation,

Water yields for WS 1, 2, and 3, analyzed by Harr
{1983), were derived from data transcribed from con-
tinuous records using methods that visually estimat-
ed instantaneous flow from the water level traces
{pers. comm., Don Henshaw, Pacific Northwest Re-
search Btation, Corvallis, Oregon). We have re-
analyzed resulis from data digitally transeribed from
the original records for part of the prelogging period
(1953-1959), and we have added seven more years of
data to the analysis of Harr (1983).

Data from the prelogging calibration period were
used to relate annusl and summer water yields in
millimeters from WS 1 and 3 following timber harvest
to water yield from the control watershed (WS 2),
Calibration perinds were nine years for WS 1 (1953-
1961) and 10 years for WS 3 (1953-1962). Least-
squares regression was used to derive the prelogging
relationship between streamflows in WS 1 and 2, and
between streamflows in WS 3 and 2. The lineay model
Y=a+bX was used, where Y=observed water yield
from WS 1 or 3 (treated watersheds) snd X=observed
water yield from WS 2 (unlogged control). Observed
water yield from W8 2 was then used to predict water

TABLE 1, Resulta of Least-Squares Linear

vield expected from WS 1 and 3 before and after
logging on the basis of the recalculated regression
relationships in Table 1.

RESULTS
Water Yield After Logging

Slope and intercept for regression relationships
between WS 1 and 2 from this analysis were very
close to those calculated using the same methods by
Harr (1983) for July to September (Table 1). The
recalculated regressions of prelogging water yields for
WS 1 on WS 2 were significant for all months and
combinations of months (Table 1). Regression rela-
tions for prelogging water yields for W8 8 on WS 2
were also significant for all months and combinations
of months, except for July. The regressions of total
annual prelogging water yield for both WS 1 and WS
3 on W8 2 were also significant (p<0.001, Table 1).

The period of increased summer flow cbserved fol-
lowing the start of logging in WS 1 compared te the
unlogged WS 2 was short-lived (about eight years,

Regresaion Analysis of Summer and Annual Water Yields Before Logging for

Watershed 1(1963-1961) and Watershed 3 (1953-1962, depending variables, Y) on Watershed 2 (independent
variable, X) in the H. J. Andrews Experiments] Forest, Western Oregon Ceacades (=9 for WS 1, n=10 for WS 8).
Resulta from Harr {1983) compared to those from this paper for digitized data. The model used ia YwashX

Bignificance of
Tisae Period Blope {b} Intarcopt (a) 2 Regression Model (p)
WATERSHED 1 - Clearcut Logged

- (this paper)
July 0.461 2.08 0.62 0.012
Avgust 0.544 0.14 0.67 0.007
September 1,001 -2.60 0.89 <0.001
July to Angust 0.613 1.70 0.72 0.004
July to September G704 -2.B4 0.80 0.001
Annuel 0.944 -27.82 0.96 <0.001

HARR (1888)
July to September 0.731 —2.74 0.72 0.004

WATEHRSHED 3 - 28 Percent Patch-Cut Logged

{this paper)
July 0.629 a6l 0.20 0.188
August 1.018 0.88 0.74 0.001
September 1,278 -0.14 0.82 <0.001
July to Augnst 0.623 B8.69 0.43 0.040
July to September 0.861 1143 0.E3 0.006
Annus) 0.839 110.63 0.54 <0.001
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Figure 24). After 1970, observed water yield from
WS 1 for August was generally less than that predict-
ed from the model; reduced water yield has occurred
for 18 of 19 years (1970-1988). In contrast to WS 1,
however, water yields from WS 3 in August were con-
sistently above predicted through 1978, 16 years after
the start of logging (Figure 2B).

Differences between observed and predicted water
yvields for WS 1 were compared for three distinet

periods of record (Table 2). The three periods were:
(1) 1953-1961 {prelogging calibration), (2) 1962-1968
{the period of incrensed water yield that included log-
ging &nd burning, and (3) 1970-1988 (the following 18
years of low water yield). Means were compared with
single-classification ANOVA. Differences between
observed and predicted water yields for WS 1
increased dramaﬁcally foilowmg elearcut logging for
1962-1969, The increase in water yield for August

12— — —
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(clearcut logged) |
8 _ .
‘- |
E | _
E’ :
2 ke l | |
-g 0] "'LE{ T L
> L | - e I el bl l | & Iil
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& .
-
g -4 burned
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Figure 2. Differences Belween Observed rnd Predicted Water Yield for August from Watershed 1 (A) and Watershed 3 (B)
fn H. J. Aadrews Experimental Forest, Western Oregon Cascades, Before snd After Logging (1953-1988),
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TABLE 2. Means of Gbacrved and Predicted Water Yields from Watersheds 1, 2, end 3 Before and After Logging (1953-1988) in the
H. J. Andrews Experimental Forest, Western Oregon Cascades, for (A) Period of Prelogging Stresmflow Calibration, (B} Period of
Increased Water Yield During and Jmmediately Pollowing Logging, and (C) Period of Reduced Water Yisld Following Vegetative
Regrowih. All water yields increased significantly in the pericd immediately following logging compared to the preiogging period.

Mean Observed Minua Predicted Water Yield

e

—

ot s e w e

Bignificance of
Yenrs Mean Observed Water Betwoen Periods
of Water Yield Tield A and C**
Montha Record n (mm) ) (mm) (mm) (pereent) mean se* {o)
WATERSHED 1 - Clearcut Loggoed

July (A) 1953-1961 ] 9.1 340 8.1 a0 0 000 0.1
(B) 1962-1068 8 147 5.50 8.7 8.1 121 01 081 8.200
(C) 1970-1988 19 7.0 288 .8 0.8 -10 0.3 015

Auvguet (A) 1553-1961 9 5.7 2.12 6.7 0.0 0 0.00 0.11
(B) 1962-1968 5 1.1 398 39 6.2 159 230 088 0032
(C) 1870-1988 19 3.0 bR | 4.0 -1.0 -25 —0.37  0.10

September {A) 18531061 9 72 279 7.2 0.0 ¢ 000 021
(B) 1962-1960 8 18 4.57 42 7.7 183 295 072 0.2856
(C) 1970-1888 19 74 2.87 63 12 19 045  0.25

July to August (A) 19531961 8 148 2.78 1458 00 0 000 098
(B) 1862-1968 B 249 &84 10.4 144 138 274 032 0.039
(C) 1870-1988 ¥ e 187 118 -1.7 -14 031 0.10

July to September  {A) 1953-1961 ¢ 220 297 22.0 0.0 0 0.00 009
(B) 1962-1969 8 887 462 129 225 164 290 089 0.885
(C) 1970-1988 1 175 2.20 17.2 0.3 2 008 018

Annual {A) 1953-1981 8 1377.9 43.69 18774 0.4 0 001 055
(B) 1962-1959 B 14853 4564 10732  866.1 81 1161 183 <0.001
(C? 1970-1988 1 14268 4524 1140,] 2869 25 209 042

) WATERSHED 2 - Unlogged Conixyol

July 19531938 8 127 4774

Avguet 1958-1888 % 78 202

Septeirber 1953-1988 86 86 3,38

July to Angust 1958-1888 36 205 328

Jly to September 1953-1588 3 281 387

Annual 1955-1088 38 13588 4308

WATERSHED 3 - 28 Percent Patch-Cut Logged

August (A} 1953.1982 10 1.2 419 1t 0.0 o 000 0.18
(B) 1063-1978 16 124 4.63 7.8 46 &9 17 019 0,175
() 1979-1988 10 &3 347 8.1 12 18 044 027

September (A) 1853-1962 10 1ns 4.60 11.9 0.0 0 .00 0.20
(B) 1968.1978 B8 ] .43 10.1 40 40 156 025 0.159
{C) 1979-1988 10 124 4,79 1.1 13 12 0.51 028

July 1o August (A)1953.1962 10 292 544 29.1 0.0 0 000 024
(B) 18631978 16 285 5.32 22.8 5.7 25 106 021 0.976
{C) 1979.1988 10 259 484 26.0 0.0 0 —0.01 027

July 1o September  (A) 15531062 10 411 B.17 411 0.0 ) 0.00  ©.17
(B) 1663-1978 16 426 5.38 232 9.4 28 119 0.22 0.634
(C) 1979-1988 10 384 483 372 11 3 0.14 024

Annug) {A} 1953.1962 10 14037 4451 1403.4 ~03 0 001 089
(B} 1963-1978 18 13504 42.19 12213 1090 9 3.46 048 0.160
(C) 1979-1988 10 U776 37.34 1144.3 333 3 106 040

"Stﬂndnrd error.

# for prelogging calibration period (A) and perjed of reduesd water yield (C) compared with single elassification ANOVA,
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alone was 159 percent, which corresponds to an
increase in specific discharge of 2.3 1/s/km2 (Table 2),

Within three years of the completion of logging and
burning on WS 1, regrowth of vegetation had elimi-
nated the increases in summer water yield. Water
yields for August over the period 1970-1988 were 25
percent (i.e, 1.0 mm) lower in WS 1 than predicted
from WS 2 compared to the prelegging period (1953-
1961, p=0.032). Water yields for July and August com-
bined were 14 percent (i.e., 1.7 mm) lower for
1970-1988 than for 1953-1961 (p=0.039, Table 2).
Specific discharge for August was 0,37 Va/km? lower
than predicted for 1970-1988. The differences in
observed minus predicted water yields between the
1953-1961 and 1970-1988 periods for July or
September alone, or for July to September combined,
were not significant (p>0.200). _

Water yield in September was extremely variable
among years. Rains at the end of summer sometimes
began part wey through September, and sometimes
occurred after the end of September. For the period
1953-1988 the coefficient of variation of streamflow
from the control watershed, WS 2, was 62 percent for
September, but only 41 percent for August. Variability
in streamflow masked the response to logging of
September water yield.

There were three distinct periods in the summer-
time hydrologic record for WS 3 (Figure 2B), These
periods were (1) 1953-1962 (prelogging calibration),
(2) 1963-1978 (the period of increased water yield fol-
lowing legging and burning), and (3) 1979-1988 (the
following 10 years during which water yield appeared
to have returned to pretreatment levels). Observed
water yield increased compared to predicted by 59
percent for August alone, and by 25 percent for July
and August combined, immediately following the
start of logging (1963-1978, Table 2), Water yields for
1979-1988 were not significantly different from the
1953-1962 period of prelogging calibration for combi-
nations of July-September yields, or for annual totals
(Table 2). '

Comparing Figures 2 and 3, it is obvious that the
rezponse of annual water yield to logging is not neces-
sarily a good predictor of changes in summer water
yield. Differences between patterns of water yield for
August and annual water yield are a result of, at least
in part, seasonal patterns of precipitation and stream-
flow for forested watersheds in western Oregon and
Washington. About B0 percent of total annual precipi-
tation occurs between Qclober 1 and March 31, lead-
ing to low streamflowe in late summer. The excess of
potential evapotranspiration over precipitation
results in a water deficit in the H. J. Andrews
Experimental Forest from June to September
(Rothacher, 1871). Thus only 2-4 percent of average
annual streamflow occurs during July, August, and
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September (Harz, 1983). For example, streamflow for
July 1 to September 30 from WS 2 was 2.4 + 0.5 per-
cent (mean + 95 percent confidence intervals, n=36) of
annual totals between 1953 and 1988,

We examined predictions that the increase in
annual water yield caused by logging would return to
zero by 1992, 27 years after 1965 (Harr, 1983).
Analyzing data for 1963-1981, Harr (1983) derived
the model Y=518.2-19.1X for reducing water yield,
where Y=observed increase in annual water yield (in
inches) compared to control, and X=time since logging
(r2=0.75, n=16). Adding seven years of recard (ie.,
1982-1988 inclusive), we found that the steep decline
in anmual water yield for WS 1 from 1966 to 1976 flat.
tened out from 1977 to 1888, so that there has been
little further reduction in anoual water yield (Fig-
ure 3A). Water yield from WS 1 for 1970-1988 was
still 25 percent greater than for 1953-1961, the prel-
ogging period (p<0.001, Table 2). The model calenlat-
ed from least squares regression for data for
1865-1988 (the period used by Harr, 1983) wae
Y=435.9-9.72X (r2=0.53, p<0.001, n=24), indicates
that annual water yields (in millimeters) will return
to prelogging values 46 years after logging, in 2011,
Annual water yield from WS 3 from 1979 to 1988 was
not significantly different from prelogging levels
(p=0.160, Table 2, Figure 3B).

Changes in Vegetation

Before logging, the vegetation of the hillslopes of
W38 1 was dominated by old-growth (300-560 year old)
and mature {125 year old) Douglasfir (Pseudotsuga
menziesii (Mirb). Franco), and western hemlock
(Teuga heterophylla (Raf.) Sarg.) of varying age
(Dyrness, 1973). Riparian vegetation consisted largely
of old-growth conifers and shade-adapted herbaceous
species. Tall conifers suppressed establishment and
growth of deciduous vegetation along the channel,

After logging and burning, vegetation gradually
reestablished in WS 1 and 3. The recovery has been
described elsewhere (Halpern, 1988, 1889), and fol-
lowed the pattern typical for the Pacific Northwest,
with forbs, sprouting hardwoods, end miscellaneous
ploneer species initially establishing on the hillslopes;
Douglas-fir trees now occupy most slopes. Red alder
(Alnus rube Bong.) dominates the riparian zons of W5
1 (pers. comm,, F. J. Swanson, Pacific Northwest
Research Station, Corvallis, Oregon), and willow
(Salix spp.), and cottonwood (Populus trichocarpa
Torr. and Gray) are also established in and adjacent
to the stream.

Different geomorphic conditions in the valley floors
of W8 1, 2, and 8 have determined the development of
riparian vegetation. Watershed 1, with a relatively
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Figure 3. Differences Between Observed and Predicted Water Yield for Watershed 1 (A} and Waterzhed 8 (B),
H. J. Andrews Experimental Forest, Western Oregon Cascades, Before and After Logging (1953.1888),

wide valley floor compared to WS 2 and 3, has well-
developed riparian hardwoods. As a consequence of
the narrow valley floor in WS 3, there has been Little
‘Pportunity for hardwoods to establish in the riparian
zons following logging. In addition, sediment deposits
on which riparian hardwoods might have established
have been removed from much of the valley of WS 3
by debris torrents caused by floods in December 1961,
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December 1964, and January 1965 {Fredriksen, 1963,
1965). Hardwoods are limited in the riparian zone of
WS 2 because (1) the small amount of sediment at the
channel edge prevents rooting, and (2) conifers rooted
on side slopes suppress hardwood establishment
along the channel (pers. comm,, F. J. Swanson, Pacific
Northwest Research Station, Corvallis, Oregon).

WATER RESOQURCES BULLETIN
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DISCUSSION
Significance of Long-Term Trends in Water Yield

Inereased annual water yield has been one of the
benefits generally attributed to timber harvest, and
water yield did increase after logging in WS 1 and-3.
Observed annual water yield from WS 1 for 1970-
1988 has been 25 percent greater than predicted,
after being 31 percent greater immediately following
logging (1962-1969, Table 2). However, in streams of
the Pacific Northwest rnost of the increase in annual
water yield following logging occurs from October to
March, when water is not in short supply (Harr,
1983). Of critical concern to instream biota is water
vield in summenr. .

For W8 1, the period for which.increased summer
water yield persisted was short, especially consider-
ing the proportion of the time that it would represent
{8-11 percent) during & rotation time of 70-100 years
under intensive forest management. Following the
period of increased water yield immediately following
logging, timber harvest may actually reduce July and
August streamflows for many years. So far the period
of reduced yield has been 18 years, or 19-27 percent of
the period of a rotation. The actual length of time for
which reduced summer flows persist is not known,
but they may continue for zeveral decades, until
conifers grow large enough te suppress growth of
riparian hardwoods, For WS 3, the patch-cut water-
shed, summertime flows have generally remained at
or above prelogging levels (Figure 2B).

The mechanism for different water yield responses
of WS 1 and W8 3 following logging and burning is
not entirely understood, Reduced evapotranspiration
on hillslopes following the start of logging apparently
increased delivery of water to the stresms for 1962-
1869 in WS 1, and for 1983-1978 in WS 3, increasing
summer and annual streamflows. However, from 1870
on in WS 1, increased water use by established ripari-
an vegetation may have been responsible for
decreased streamflows. An attempt at reducing hard-
woods in the riparian zone of WS.1 in 1973 was
unsuceessful (pers. comm., F. J. Swanson, Pacific
HNorthwest Research Station, Corvallis, Oregon) and
no subsequent increase in water yields was ochserved.
Higher siomatal conductance has been demonstrated
in hardwoods such as quaking aspen (Populus tremu-
loides Michx.) in the Rocky Mountains than in
conifers (Kaufman, 1984). Thus hardwoods are likely
to use mere water than conifers in summer for equiv-
alent leaf areas.

Changes in soil moisture in WS 3 were only partly
consistent with changes in streamflow, Summer soil
moisture in the upper 120 em of the profile along a

WATER RESOURCES BULLETIN

P34

transect at a logged site was greater than predicted
following logging compared to & transect at an
unlogged site from 1963 to 1965. From 1966 to 1980,
hewever, soil moisture in summer was less than pre-
dicted at the logged sile (Adams ef al., in press), even
though streamflow was consistently greater than pre-
dicted in WS 3 until 1978 (Figure 2B). This suggests
that water stored at depths of >120 cm was responsi-
ble for the increased streamflows during summer fol-
lowing logging. If changes in riparian vegetation wer¢
at least partially responsible for the reduced stream-
flows in W8 1, then replacement of conifers in the
streamside zone with hardwoods could have impor.
tent consequences for aguatic life and downstream
users. .

Effects on Salmonid Survival

Summer is a time of stress for juvenile salmonids
rearing in streams in the Pacific Northwest.
Fuarthermore, streamflows and water temperature
can be factors limiting the survival of aquatic life in
streams. Although salmonids do not use the stream in
WS 1, we can infer that similar impacts of logging on
streams elsewhere, such as in the Oregon Conrst
Range, would be detrimental. Although hardwoods
such as red alder in the riparian zone may evertually
shade a stream, they may also bring about detrimen-
tal changes in water quality as well as quantity.
Leafdrop from hardwoods in dry conditions during
late summer and early fall can contribute to low dis-
solved oxygen concentrations in coastal streams,
which may reduce growth and survival of fish and
invertebrates (Slack, 1955; Hicks, 1990). The extent of
oxygen depletion was related inversely to streamflow,
and was greater under red alder than under a mixed
canopy of bigleaf and vine maple (Hicks, 1890).

Increased temperatures and bow dissolved oxygen
can have direct effects on fish, causing stress, disease,
and consequent mortality. Reduced streamflow can
increase the severity of changes in temperature and
dissolved oxygen, and also can have direct and indi-
rect effects on fish by reducing volume of stream habi-
tat. Fish may die as a direct result of reduced
streamflow as stretches of stream become dry. As an
indirect effect, reduced flows may increase competi-
tion among fish. Riffle volumes are affected by
reduced flows more than glides, and glides are affect-
ed more than pools (Hicks, 1990). Species such as age
0 steethead (fry to fingerling-sized Oncorhynchus
riykiss) often occupy riffles when in the same siream
as pool-adapted fish such as age 0 eoho salmon
{Oncorhynchus kisuich) (Hartman, 1965; Bisson ef
al., 1988}. Thus, with reduced flows juvenile steelhesd
could be forced out of drying riffles and into pools,
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where they would face increased competition with the
more aggressive coho salmon; this is likely to lower
the survival of steelhead. In combination with other
logging-related habitat changes, such as habitat sim-
plification, decreases in pool habitat, increases in rif-
fle habitat and channel widening (Lyons and Beschia,
1983; Bisson and Sedell, 1984; Tripp and Poulin,
19886, Hicks e al., in press), reduced ﬂnws'fo]lowing
forest harvest represent another factor that may seri-
ously reduce survival of salimonids,

CONCLUSIONS

Many previons studies of changes in water yield
following titaber harvest have not fully considered
changes in low summer flows. Analysis of logging-
related water yield experiments often have looked
only at anoual water yields, ignoring the critical sum-
mer penod when evapoh‘ansplrahon is greatest and
water is potentially in short supply. Furthermore,
many studies have insufficient periods of record on
which to draw conclusions about the long-term effects
of Jogging on water yield (for example, Harris, 1977;
Harr et al., 1979; Harr, 1980).

Long-term records from WS 1 (clearcut logged) and
WS 2 (unlogged control) in the H, J. Andrews
Expenmental Forest, spanning nine years before log-
ging and 26 years after logging, show that the rela-
tively large increases in water yield for August
following logging were short-lived, existing for only
about eight years, After this period, August water
vields were less than normal for 18 of 19 years of
record. We hypothesize that as a canopy of conifers
closes over hardwoods in the riparian zone of WS 1
over the next few decades, the reductions in summer
low flow will be eliminated and summer streamflow
will return to prelogging levels, possibly 40-60 years
after harvest. If the establishment of hardwoods in
the riparian zomne i‘ollowmg clearcut logging has
taused water yields in WS 1 to drop below predicted
yields, as we suggest, then future forest harvest prac-
tices should protect conifers in the riparian zone dur-
ing loggmg to suppress hardweod growth and thereby
maintain summertime water yields. In view of the
importance of the existing hydrological records from
WS 1, 2, and 3 in the H. J. Andrews Experimental
Forest continued collection of hydrologic data from
these watarsheﬂs iz imperative.
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Seasonal and successional streamflow respomse fo forest cutting
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I This stedy examined dajly streamflow response over up to four decades in northwest
conifer forest and eastern deciduous forest sites in the United States. ‘We used novel

methods to analyze daily observations of climate and

streamflow spanning more than

900 basin years of record at 14 treated/control basin pairs where forest removal and
regrowth experiments wereundawag in the period 1930-2002. In'the 1 1o S-year period

posttreatment periods, MImmEmmMyMﬂowwmﬂmymM

during moist, warm seascns, or during sn

nelt scasons, but relative changes were more

likely during warm seasons imrespective of moisture status, Both relative and absolute
streamflow changes in the 1 to 5 and 15 to 25-year periods after forest removal were
significantly posiﬁvelytelawd_mﬂ:eageo{thefomstattheﬁmeitmmtl!aﬂem
deciduousfotestshadbmdishn-bedbyloggingorhnn-imne 12 to 56 years prior to forest

temovel, while Pacific Northwest

conifer forests had been not experienced logging or

wﬂdﬁmfm%to%ﬂyém)airedbasinexperhﬁemspmvideaconﬁmom,and
continuously changing, record of vegetation structure, composition, and climate, and their
effects on streamflow.  IvpEr TERMS: 1860 Hydmlogy: Runoff and streamfiow; 1803 Hydrology:
Anthropogenic effects; 1863 Hydrology: Snow snd ioe (1827); KEYWORDS: Caspar Creck expetimenta! forest,
Mmumwmrmmmmmﬂlmmﬁw

Citation: Jones, I, A, and D. A. Post (2004), Seasonal and successiona! streamflow response to forest cutting and regrowth in the
uorthwest and eastern United States, Bater Resour: Res., 40, W05203, doi:1¢,1029/2003 WRD)2952.

1. Introdnction

[2] Paired-basin forestry experiments arc & major source
of datz on climete, streamflow, and vegetation for testing of
theoretical psopositions in hydrology. Yet to date, the
bydrologic implications of paited basin experiments have
been largely examined for individusal experiments, or in
reviews or meis-analyses [e.g., Bosck and Hewlets, 1982;
Robinson et al., 2003] combining results from studies using
disparate methods, Hydrologic modeling efforts frequently
employ paircd-basin data, but inferences are limited by
uncertainiy about perameters, including vegetation-
climate-spil interactions [Beven, 2602).

[3] Studies of eco-physiclogy, global change, and
stream ecology are providing hydrologists with challengmg
hypotheses about vegetation and climate eoupling to hydrol-
ogy. Eco-physiology studies argue that forest structure
and coraposition develop during suceession to reduce stress
on plamts and optimally use resources, including moisture
[Eagleson, 2002). Studies of globat change, including

" Now 1t CSIRO Lend end Watez, Altkenvale, Quecnsiand, Austaliz
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W05203

P37

climate change, indicate that streamflow responds to
changes in tempersture and reinfall [Hodgekins et al,
2003] with concurrent changes in vegetation cover amd
species composition [e.g., Shafer ez al, 2001]. Stream
ecologists advocate restoration policies based en streamflow
varmbility [Poff et al, 1997], as well 2s hebiint structure.
atmosphere, soil, and stremmflow at spatial and temporal
scales intermediate betwoen plot- and reach-scale studies
chamﬂaisﬁcofecb-physiologymdﬂmameeology, and the
coarse scales of climate and land use change modeling,

{4] In paired basin experiments, both increasss and

sbsoluie terms ot different seasons or time petiods after
treatment, providing clues about censal mechanisms, and
geomorphic end ecological consequences, of vegclation
change. In published studies, the largest relative changes
hsh‘eamﬂowocmmudh:mmnamontb;aﬁermmvalof
castern deciduous forest [Douglass and Swark, 1972, 197s;
Swarnk et al.; 2001; Hornbeck e al.,, 1997; Martin et al.,
2000 and western conifer forest [Rothacker, 1975; Harr et
al,, 1979, 1982], However, in comifer sites, the largest
absolute streamflow incremses ocourred during wet winter
months [Rothacher, 1970; Lewis et al, 2001], Lags of
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Figore 1. Ten fluxes involving moisture storage reservoirs
(boxes) in vegetation canopies, snowpacks, and soils in
forested basins. Inputs to the system are from precipitation
(P} eand cloudwater interception (P,); output is streemflow
(Q). Fluxes into and out of the canopy are interception (C,),
throughfall (C;) and evaporation (C,.). Fluxes into and ot of
the snowpack are snow accumulation (N,), sublimation and
evaporation (N,,), and snowmelt (N,). Fluxes into and cut of
the soil are soil water accumulation (S,) and release (S,),
eveporation {5,) and transpiration (S,).

several months between periods of vegetation water use and
streamflow responses have been reported from southeastern
deciduous forest gites [Swank e al, 1988].

[s] Both hydrologic end ecological causa! mechanisms
have been invoked o explain varied streamflow responses
in paired basin experiments. In the nothwestern United
States, conifer forest removal may modify cloudwater
interception [Harr, 1982] as well as snowpack dynamics
[Harr, 1981; Berris and Harr, 1987) during wet {winter)
seasons, In the eastern United States, vegetation species in
carly succession may be higher water users per unit leaf area
than the species removed, reducing summer streamflows
[Hornbeck et al., 1997; Swank et al,, 2001]. Also, conifers

* may use more water over greater periods of the year than
¢ deciduons forests, reducing fall, winter, or spring flows
[Swank and Douglass, 1974; Swank ez al,, 1988},
" [6) Ditferences among basins where forest removal
experiments have been conducted lend themselves to testing
the generality of hypotheses ahout causes and consequences
of vegetation change for streamflow. The eastern US has a
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mesic climate with wet summers whereas the porthwestern
US has 2 xeric climate with dry summers, Northem and
high-clevation basins have seasonal snow, but basins af
lower latitndes or elevations have transient showpacks or oo

'canopy snow, Basing in the eastern US have decidupus forests

mostly regenerating from Jogging o5 other distubances in
the carly 20th century, whereas basins in the northwestern
UShaveconifq-fotmﬂmhavebeenpmmtedﬁnm
logging and wildfire gince at least [900. Thus season, forest
type, end forest age, boihﬁmsinceu'eaunmtandagcof
ﬂ:eforestwhmhwummoved,aﬂmayinﬂumcesﬁtam—
flow response to forest removal,

{7] Technological developments also lend themselves to a
broad analysis of paired-basin forest removal experiments
[Jones and Swanson, 2001]. Records of up to sixty years of
continuous streamflow and associated measurements pow
are available from many sites [Post e al., 1998], Many of
these records ave available throngh online date barvesters
(e.g., hydro-DB [Baker et al., 2000]). New methods arc
being developed for testing hypotheses with long-term
siweamflow dats seis [e.g., Jones and Gront, 1996; Jones,
2000; Fost and Jomes, 2001). Finally, increased computer
power and growth of the Internet now permit dats sets from
manysihestobemdilywmpﬂedandmﬂwdinoni:
location,

2. Conceptual Model

[5] Hydrologic responses to forest canopy removal 2nd
regrowth can be predicted from the hydrologic cycle
(Figure 1). Because forest vegetation is conpled o the
ahnosphete,lhesnom:ndﬂusoﬂ,ﬂnumajordms
of hydrologic responses to forest removal and regrowth
involve changes in forest canopy interactions with: (1) the
atmosphere gnd soils (i.e., cloudwater interception P,
canopy interception C,, evaporation from the canopy and
soils C, and S,, and transpiration S,, Figure 1), (2} snow-
pack accumulgtion end mekt (i.c., snow accumulation N,
sublimation N,, and spowmelt N, Figure 1), and (3) soil
moisture storage (i.c., additions and losses S, and S,
Figure 1).

{s] We tested the following hypotheses.

[1¢] HI. Forest vegeiation affects streamflow through
evapotranspiration, interception, and soil moisture storege.
Therefore streamflow responses to forest romoval should
ocour when temperature is conducive to evapotranspiration,
or during periods of smowmelt. Evapotranspiration effects
are large in absohiie ferms et times of year when soils are
moist (S, S, S, and 8, =re large), but they are large in
relative terms at times of year when temperature is condu-
cive to transpimation irrespective of soil moisture (S, and S,
are large but 5, and 5; are swall). Snow interception effects
are larpe in ebsolute terms at times of year when soils are
moist and snowmelt is occurring (8,, S, and N, are large).
In sites with cold mmowpacks, young deciduous forests
produce smaller snowpacks (N,, N,, and C, increese)
compzred to older deciduons forests, but in sites with warm
snowpacks, young conifer forests produce larger Enowpacks
(Na, N, and C, decrease) compared to older conifer forests,
Alternatively, streamflow responses to forest removal may
occur during times of year when neither €vapotranspiration
nor snowmelt is ing, because 50il moisture storage
Teservoirs exert a lagged effect,
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[n] H2: The forest vegetation effect on streamflow
depends upon forest structure and composition, which vary
with the age of vegetation. Two messures of forest age are
relevant: the age of the forest in the treated basin (time since
treatment) and the difference in ages of the forests between
the treated and control basins (which is equivaient to the time
sinee most recent pre-treatment forest disturbance), Young
forests use more water than older forests at times of year
when tempezature is conducive to transpiration, inespective
of soil moisture (S, and S, are larger relative to S, and S, for
young than older forests). Therefore streamflow response
will decline rapidly in the first few decades of forest
regrowth, and forests aged 10 to 30 years will produce
summer sireamflow deficits relative to older forests, How-
ever, as forests age, structure and composition change so0 as
to better utilize water available st times of year when
transpiration is temperature- or moisture-limited. Therefors
streamflow responses will be positively related to the differ-
ence in forest age between the treated and control basins,

3. Stady Sites

[12) Study sites were located in six experimentsl forests,
three in the Pecific Notthwest of the United States, and
three in the eastern United States (Teble 1). As of 2002,
Pacific Nortwest sites (the Andrews, Coyote Creek, and
Caspar Creek Experimental Forests) had conifer forests up
10 500-yrs 0id and dry summers, Eastern sites (the Hubbard
Brook, Fernow, and Coweetn Experimental Forests) had
<100 yr old deciduous forests and wet summers. The
norihemmost sites (Andrews, Hubbeard Brook) had seasogal
snowpacks. Mean annual precipitation renged from
1000 mm to over 2000 mm at both conifer and deciduous
sites (Table 1).

[13] Forest age was determined a8 the time since the most
recent severe disturbence documented at that site (Table 1).
The most recent disturbances included wildfire and lopging
in comifer forests, end hurricene and logging in deciduous
forest (Table 1). Conifer forest types included western

-bhemlock (Andrews), mixed-conifer (Coyote Creck) and

redwood forests (Caspar Creek). Deciduous forest types
included northern hardwoods (Hlubbard Brook) and oak-
hickary forests (Fernow, Coweets) (Tible 1).

[14] Each site consisted of one or more paired-watershed
experiments in which 100% of forest cover had been
harvested and an wnharvested cantro) basin exists (Table ).
Forest harvest treatments at fhe fouricen treated basins
occurred over more than half a century, fiom the 1930s to
1990 (Figure 2). In ten of these cases forest harvest occurred
in a single year, but in four cases harvest occurred over
several years (Table: 1, Fipure 2). Treatment mvolved
logging (removal of wood products) in ten treated water-
sheds. In four cases wood products were not removed, and
in two of these four cases herbicide was applied for several
years after logging (Table 1). Because of differing distur-
bance histories, 90 to 450 yr-old forests were removed in the
canifer sites, but 12 to 56 yr-old forests were removed in the
deciduons forest sites (Table 1).

[1s] Long-term records of steamflow and climete have
been coflected at 26 basing (14 treated, 12 control) from the
six study sites, Basin size ranged from 9 to 96 hectares, and
strearnfiow and climate rocords span periods ranging from
17 years io 63 years (Figure 2), Pre-treatment records were

6 or more years in length in all but one treated basin, and
pasttreatment records ranged from 11 to over 40 vears
{Figure 2). Most of the basins ranged in size from 20 to
50 ha, and the ages of most harvested forest ranged from 30 +
to 125 years (Table 2, Figure 2). j

4. Methods '
4.1. Datasets and Dsta Collection

[16] Mean daily streamfiow; precipitation, minimury and
maximum temperaturs, aod snowpack data fiom five of
the six sites are publicly available on the worldwide web
and were collected electronicaily through Hydro-DB, mn
autamated data harvester http=//srww.fsl orst.edi/hydrodby).
Data from the sixth site (Coweeta Experimental Forest) are
not publicly available, but they were provided by U.S.
Forest Service scientists (L. Swift and W. Swank)' for
periods of record through 1995, The resuling primary data
sel consisted of over 750,000 observations spanning more
than 900 watershed-years of streamflow necords. Original
streamflow daia in units of L/s were converted to mm/day
(umit avea discharge):

L PPN

¥

day

where A is basin area in hectares. We used a water year
from 1 October to 30 September, For Caspar Creek many
values from late April to early November were missing
values,

[17] The initial data set comprised records from 26 hasins
(14 treated, 12 coutrol). We present resulis from 14 irested/
control pairs (Teble 2). In 1t of thesc 14 pairs we used the
treated/control pairs esteblished by the original researchers.
In three cases, we used an altemative to the original control
basin {Table 2). In these three cases, Cowesta 7/34 {112),
Cowests 13/14 (13/18), aad Andrews 10/2 (10/9), the
origimal control basine {in parentbeses) were less thag 15 ba
in size. The average standard deviation of daily flow at
control basins in mm (y) was significantly negatively related
to basin size in bectares (x) {y = 2.29 exp(—0.034x); * =
0.84; n = 12). Therefore streamflow changes were not
detectabie using the original (<15 ha) basins, but they were
detectable when the same treated basins were compared to
larger, nearby control basins. Moreover, in one case
(Andrews 10/9) the original treated/control relationship
was suspect because @ flume change 15 months prior 1o
the treatment produced significant changes ' streamflow at
the control basin (Andrews 9). :

4.2. Cslculating Streamflow Responses tv Forest
Removal and Regrowth

(1] The change in streamflow in the treated basin rels-
tive to the treated/control relationship was
calculated by day of year and sveraged for 5-yr periods
after forest removal, following Jones and Grant {1996] and
Janes [2000). The freated/contro] relationship was

=l

where ¢y = the (in-transformed) retio of streamfiow  the
h'eatedandcomlbnsins,dayi,yearj;aﬁandhﬁ=unitarea
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Table 1. Vegetation Cover, Disturbanee History, Treatments, and Ages of Forest in Fouricen Treated/Control Basin Pairs in This Study

Treatmem Aget
— e ——
Basin Pajr Disambance Type Date Treated®  Conbol*  MAP® mm
Western Hemlock?

Andrews 12 severe wildfire in 13005 160% clearcut, logged, um 196266 450 500 2270

Andrews /8 wildfire tn 1500s, 185D 100% clexrem, logeed, road 1974 125 150 2178

Andrews 102 " 106% clearcat, hzg_ed 1975 125 500 2282
Mixed Conifer”

Coyote 374 wildfire in 15005, 18505 100% clearcnt, logged 1970 120 145 584
[860-1904 L] mwhgpd

Caspar CA clemmr, logped - 1591 9% 0D 1190

Caspar Bfj " 1007% claarcut, Togged 1991 20 100 1190

W Hordwood®
Hubbard Brook 273 logzed LEODz— 1910, 100%¢ clearcut, herbicids 1965 27 64 1342
burticane/salvage 1938

Hubbard Brook 473 " 100%% clesecnt, Jogped 197074 2 4 1312

Hotbard Brook 573 r 100% clewcut, bogged 1983 45 L3 1312
Oak-Hickory™

Femow 14 logged 19051910 10084 clemrvat, loggad 1957 50 95 1438

Fermow 7/4 " 100% clearcit, barbicide 1963 36 95 1450

Comeeta 7/34 prazing, buming 1840--19085; 10034 clesment, Jogped 1977 50 75 1362

logged 191927
Cowestn 13/14 * 100% cleareut 1939 12 5 1934
Coweeta 37/36 - 1003 ¢legromt 1963 35 7= 2191

‘Ag:bffum(ﬁmthuhnmdimbnu)ndmn mmmn(mjﬂmemmmmﬂwpﬁodofmﬂmhﬂwmlyﬁs.
Forest apes aax based on Feisberg and Swanvon 12003] (Andrews), Lewis o af, [2801] (Caspar Creek), Douglasy and Hoover [1988) (Coweeta), Harr ef
aL, [1978] (Coyote), Feruow Experimental Forest website (hitp:/fsraw. ), Schwarz et al. [2001] (Hubbard Brook). Ages of
5D0-year old ﬁmahwmmmgiuof%ymmmhmﬁmyhdaﬁngmm“mjmwm kog-tmosformed in anslyses in par to
acoount for incrasing uncerainy of dates with forest age,..

bAu{ﬁm:hmhufamdimﬁnu)otwhmuhﬁanﬁmufmt

“Age (fime since last forest dishubance) of forest in control basins fn 2002,
‘mewwm(mm menziesii) with western hemiock m@mwaa)mdmmmuppucm) [Rethacker et al,
1967]. :
'Fmdnnﬁmedbyl?mg!as-&(k%m mmah}pmdumpht(ﬁwpmdama).mdmprphcwmhmbam)[ﬂmad, 1979].
’rmdmubymmmm@mwm), Douglas-fir (Psendotsga mexziest), grand Br (Abies grandis) and western hemlock

(Rgo heterophylla) [Lewis et al.,, 2001},
‘Filﬂndnminudbyﬂmbndlﬁmmfdk). sugar maple (doer saccharun), mdyaﬂuwbirh(xeadaaﬂeghmm) [Schwmz et gl
2001

‘Fmdomiuhdbyhmﬁnradoﬁ@mm mbm).sngrmple(.lw:mhm), and wulip popler (Liviodendron tlipifera) (Femow web site),
‘Pmdnnﬂnmdbymmk(gurauprfms).wmiﬁmk@mrmoxcbm).nu&muﬂm&@mmbm}ndmh(&wném},md

tulip poplar (Liriodendron tulipifers) with abundsnt

streamflow (mm) at the control basin and the treated basin,
respectively, on day i, year j. The period of record was
dividedintoperiodsk=],2,...n,mhﬂ:attheprehMmt
perind was noted 1, and 5-year posttreatment periods were
noted 2 and higher. The average ireated/control relationship
was

Cy =Ty

for years j in period k = 1, 2, -0 The percent change in the

treated/control relationship in a given posttreatment period

relative 1o the treated/control relationship ip the Ppretreat-
, ment period, for each period &, was

¢ dy = (up(q-rn) _|) 100

forpﬁiodskzl,...nandwhmdi=pacmtnbm§eon
day i, ycars j in period k, ¢y = treated/cantrol relationship
mdayi,ymjins-yrpostuemntpcriodk,cn-mtodr

40of]9

maximum) [Day et al., 1988].

conuolmlsﬁonshipnndayi,mjinthepmnnent
period. The mean of (log-transfosmed) duily flow at the
control basin on day i for period k was:

g = Z Yo(ay) /s
=

where my = number of years in period k. The sbsolute
change in sireamflow (back-transformed to units of mm/
dny)intheheamdbasinmlativetcﬂmconu'olbasinondayi
of S-yr posttreatment period k was:

Ja = dy - exples)

The detection of change in paired-based _EXperiments
depends fundamentally upon ratios, whose intempretation
can be problematic when the denominstof (Sow at ghe
control basin) is a small number. Scversl measures weres
taken in the anelysis and presentition 6f Tesults ty protect
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1930 1945 1950 1975 1990 2005
e . | OOTfex, 150-450 Y73 (Ancirews 112)
— e | CORIGET, 150-430 yrs {Andrew; 67E)

e — | comifer, 130-450 yrs (Andrews 1002, 10/9)
e comifer, 150 yr (Coyoie 3/4)
reipeme | cotifer, 90 yos (Caspar CT)
o . ] umﬁh.?ﬁm[cmm
|' decidnows, 12 yi» (Coweetn 13734, 1318, 13/}
- | decidnous, 36 yrs (Cowecta 3736}
decidooas, 36 yre (Coweeta /34, 1372)
4 decidnoos, 50 yix (Resnow L)
 — decidaons, 56 v (Bemow 7/4)
s decidnous, 27 yrs (Hobband Beook 273)
i | decidunis, 45 yos (Fubbiod Brook 243)

Figure 2. Pmiodwofmwﬂof&efwﬂcenmﬂpdmd—wﬂemhequmimmmnuﬂmdinthisﬂdy
vmwﬁmwmmﬁqummmhmw(wmmymmm

HubhardBrook4;hm'bicidewasappliedfur3yem:itHubbatdBmokZandFunuw'?.SomeMed
watersheds (Andrews lO,Qowm?.CwmlB)wmmmpamdmmﬂmnmemmlwmmd.

aguinst misleading interpretations from ratios. Streamflow
data were filtered before analysis to remove very low flows,
Days with streamflow less than 0.01 mm were treated as
missing values, and streamflow changes were cakulated
only for daye with less than two missing values in any
five-year postireatment period. Hoth abzolute and relative
changes were caleulated fo identify instances where very
large relative changes were small in sbeolute ierms,
Relative changes (dy) and absolute changes () were
smoothed with a 15-day window to reduce the effect of large
thanges on eny given day, and figure axes were, restricted
to exclude the occasional values that are improbably large.

Statistica] analyses were either non-parametric tests based
on counts of days excesding some threshold of dy, and £y, or
regressions of average percent changes by season rather than
daily values.-

43. Hypothesis Tests

[19] Hypotheses involving scasons were tested using chi-
squared tests of independence of streamflow chanpes by
sceson [Ramsay and Schaefer, 1996), Days with sbsolute
streamflow chacges were tested for independence to
{1) moist periods when temperatures are conducive to
evapolrnspiration, and (2) snowmelt periods. Days with

Table 2. Eighteea Treated/Control Basin Pairs Examined in This Study

Baxin Size, ha Steeamflow Record, Yean
Treated!Contro] o
Basin Pair Trented Control Total Preteestment Positreaiment
Andivews 1/2* 96 60 19532002 9 4]
Andrews 6/8° 15 22 19642002 19 28
Andrews 10/2* 10 &0 19692002 & 7
Andrewn 1049 10 9 1969-2002 [ 27
Cappae O 26 2] 19852002 6 11
Caspar BT 7 21 1986-2002 [ 11
Coyote 3/4° 49 5 1964-81 [ n
Cowecta 72 59 13 196596 12 20
Coweetn 7/24" 59 33 196596 12 20
Cowecta 13/2 16 12 1937-62 2 23
Caoweeta 13/14* 16 61 1937-62 2 i)
Coweeta 13/18 16 13 193762 2 2
Cowestz 37/36" 44 49 1944 -95 20 43
Fernow 1/4% 30 » 1951=-2001 6 44
Fernow 7/4* 29 39 19872001 6 38
Hubbad Brook 2/3° 15 42 195896 7 3
Hubbard Brook 43" 36 42 1938-9¢ 12 26
Fubbard Brook 5/3* 2 42 195896 15 13

 *Resully from fourters basin pairs are examined i detail
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zhhie 3 Smnns Defined hz Dates, Discharge, Runoff Ratio, Minimum aod Maximumn Temperatures From Contro] Basins®

JONES AND POST: SEASONAL AND SUCCESSICNAL STREAMFLOW

Control Basin

Cool

11-1277
230

35

3

g

911246
178

28

4

12

9/12-1212
1990

3

4

11

11/5-12725
124

5

1

7

1123 --4/24
12
12
10
19

ey

1014130
486

63
-2
4

10417417
378

-

0

b o

1017 -4/17
658

59

i)

14

1017-4/17
1100

89

¢

14

Snoonmmhﬁmi
Andrews 2

Moist

12/8-2/8
525

74

-i

4

Andrews 8
127-2/10

434
67
=1
5

Andrews $

12/3-32

12/26-2/4

Fernow 4

Cowestz 14

Coweetn 36

]llllgill!l
b

Snowmelt

25-4/12
546

72

3

13

211624
524
70

14
33-327
128

-1

25-5/20
201
57

LT I I I |

LI T T T § | T S B 1 LI T T B}

LI B I |

6of 19

P42

Diry or Moist Warm

613-930
44
28
10
25

625-9/10
22
24
11
26

3/28-9/11
213
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21
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24

10

L

22
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415

12
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144
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11

21

5711010
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2

1

23

418-10/16
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12

26

4/18-10716
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12

26

4/18- 10716
387

61

12

26
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Water Year

1611 -3730
1344

59

4

14

101 -9/30
1160

53

5

14

101 -530
1222

34

4

14

104930
51t

52

3

15

16/1-9/30
447

38

8

1

1071-9/30
837

61

-3

6

i0/1-9730
642

44

14

i5

104/1-970
962

54

[

20

10718730
ne&7

5

6

2

1071-9730
i687

| 8a?




T

W05203

Table 4. Numbers of Treated/Contro] Basin Pairs by Basin Type*
<95 Yeur-Old

Dry Summer Wet Summer Nutnber of Pairs
Seasonal Andews 172 Hybband Brook 23 5
mowpack Andrews 6/8  Hubbard Brook 4/3
Hubbard Brook 5/3
Trunsient suow  Andrews 102 Femow 144 9
orooenow  Coyols 3/4 Fernow 74
Caspar /] Coweeta 7/34
Caspar E1 Coweetn 13/14
. Cowecta 37/36
Number of paim 6 & i4

'ﬁwmwﬁﬁz,mmgmmﬁgwmm
oo aczzonsl spow; deci seasorml snow, Baxin typet are based on
vegehﬂmtypgmdﬁ:teﬁagahmugl?aﬁnmof%(ﬁmeﬂnum

owpack
weeks [Hars, 1981]. Snow seasonality is bised on long-torm reconds (snow
deta ar Hubbard Brook) and modcling {Perkins, 1997].

relative streamflow changes were tested for independence to
warm periods. For each period k, absolute streemflow
changes were defined as ell days i for which the 15-day
smoothed values of

Jix > s{tn(ay)]

where sln(a;)] was the beck-transformed, smoothed
standard deviation of ay for all years | in the period of
recard. Thus g,y is the count of days i in the water year for
which fy, the sbsohite change in the treated/control
relationship days in period k, exceeds the varistion in the
entire record of stcamflow on that day at the comtrol
watershed. Relative streamfiow changes were defined as al]
days i for which the 15-day smoothed values of

dp > 25

Thus D1, is 4 count of days i in the water year on which the
‘treated/control relationship in streamflow in period k
changed by more thar 25%,

{2] Counts of days withi absolute and relative changes
(Db .z Dogya) Were subdivided by season. Every day of the
water year at cach control basin was classified into one of
four scasons based on soil moisture, temperature, and
snowmelt (Tubie 3), Two seasons occurred at basins lacking
snowpacks: (1) warm (and dry at conifer basins, moist at
deciduous basing), and (2) moist, cool. Basins with snow-
packs had two additional seasons: {3) moist, fnow acoumu-
Iation and (4) moist, snowmelt. Seasons were defined based
on mean values over the entire period of record at each
controf basin for each day i of minimum and meximum
temperatirss (Tminss Toucl), precipitation (P, streamflow
(Q0, and snow water equivalent (S;). Warm, moist periods
werc defined as all days i for which Tpy, ) > T o, Py > P*,
and Q; > Q*, where T*,,, is a temperature threshold of 5°C
for deciduous forests and 0.1°C for conifer forests, and P*

JONES AND POST: SEASONAL AND SUCCESSIONAL STREAMFLOW
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mdQ*arcmoishmthmsholdsofEmmandO.Smm.

respectively. Wamn periods were defined as all days i for.

Which Tuin; > Thin and (for warm, dry periods at conifer
basins) P; < P* and Q; < Q¥. Periods in which snowpacks
were present were divided into days for which §; > 8§,
(accumulation) or 8; < § |; (mel).

[21] Hypotheses involving succession were tested by
linear regression [Ramsay and Schaefer, 1996). Response
vaiab[ﬁwmthemofdaﬂymmﬂowchangwﬂkby
scason and for the whole water year, and these sums as
percents of seasonal or anmial streamflow (Table 3). The
independent varigbie wes the difference in age between the
control and treated basin (Tabie 1). Data points in regres-
sions were coded by basin types; (1) conifer, seasanal ENow;
(2} conifer, tansient or ne snow; (3) deciducus, seasonal
snow; (4) deciduous, transient or no snow {Table 4).

5. Resulis

5.1. Summer Precipitsion and Snewmelt Effects on
Daily Streamflow

[22] Daily streamflow responds to summer Precipitation
and snowpack characteristics of the basins. The Pacific
Northwest (conifer forest) has dry summers, whereas the
sast {deciduous forest) has wet summers (Tables 3 and 4,
Figure 3). In conifer forest basing with transient or np snow
(Andrews 9, Coyote 4, Caspar I), smoothed daily stream-
flow pesks in Januvary or February and declines rapidly
starting in March, as precipitstion declines and minimum
temperatures rise above 0°C. In deciducus forest basins
with trapsient or no. snow (Fernow, Coweeta), streamflow
peaks in March, just before leafiout, and declines rapidly,
despite constant precipitation, after minimum temperatures
rise zbove 5°C. In conifer basins with seasonal snow
(Andrews 2, Andrews 8), streamflow remnains elevated after
spowmelt in March, April, and May (Figure 3). In the
deciduous forest basin with a seasonal snowpack (Hubbard
Brook), streamflow declines afier December as the snow-
pack forms, rises to 2 maximum in mid-April during
mowmelr,beginstodeclinch]late.&pﬁl,mdconﬁnuﬁm
decline rapidly afier minimum temperatures rise above 5°C
in May (Figure 3).
52. Scasonnl Effects

[3] Large streamfow changes, in both absohite and
relative torms, were assoclated with vegetation change,
but they occurred during different sessons and time
periods in various basin pairs, Absolute changes in daily
streamflow after 100% forest removal were strongly
seesonal, and ranged from slight decremses of up to
—2 mm/day, to no change &t all, % increases of as much
a3 8 mm/day (Figurs 4). In conifer forest basins, daily
streamflow increased by ss much 25 6 to & mm during the
fill, end 2 to 6 mun in the winter and spring, in the 1 to S-yr
period after forest removal. Some increases persisted for
up to 35 yoars. In deciduous forest basins, streamflow
changes were both positive and negative, and occurred
during sumimer, snowmelt, and other periods. Except in
on¢ herbicided basin where initial increases were larger

Note to Tuble 3

’Dausmgivminmﬂﬂdlemsmdcﬁnndhﬂnmknnoﬂ‘nﬁoismﬂawlpmx’pihﬁnux 100. The wanm season is moist in easterg

forests, and dry in Pacific Northwest forests,
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Table 5. Absolute Streemflow Changes in Warm, Moist Sexsons Afier Forest Removal
Small Experiments] Basing in Pacific Narthwest Conifer and Eastem Deciduons Forests, USA"

Hypothesis/Scason Treutment 1tn 8 6 ko 10 lwls

Years Afier Forest Removel
16020 21w2s 261030 was 36 to 4 4l o 45

Conifer Forests

" 4 203
Chenge (m) 318 14 229 246 238 197 152
Odds ratic 5 203 g 7 13¢ & & £
Andrews &8 = .
Changs {tum) 421 237 240 268 205 14
Odds 18tic 1 2 43 ol 2 ™
Andress 1072 )
Change (om 0B 95 L | —~16 -30 -31
Odds .mfo ) P 7 10? b 4 2
Coyotz 34
Change (mm} 265 254
Odds xatio 54 &8¢
Caspar C/1
Change {pam) 1% 213
Odds tano - -
Cﬂﬂl’ E1 1
Change (misn) 124 520
Odds matin - -

Deciduous Forests

Hubbsrd Brook 273
Chengs (mm} 661 262 51 —17 -2i ~25 —59 4
Odds mtio 7 ab 04 U4 LY | 02 02 02
Eubberd Brook 413
Change {rom) 101 7 37 ~36 -61 61 ] |
Odds ratio 0.1 0i - 0.1 0.1 63 0.2
Hubbard Brook §/3
Chamge (m) 131 87 [1} 27
Odds mtic 04 03 [13] 03
Feanerw 1/4
Changr (rxn} L56 16 16 27 34 52 2 —B
Odds matio 48 0.1 - 0.1 4 (K3 0.1 -
Fetnow 7/4
Chenge (gvm) 66 149 60 9 -16 -5 8 -38
Odls mtia - - - - - - - -
Coweeta 1734
Chaoge (mm) 105 ] -37 86
Odds mfio 02 ot 4t at
Coweets 13/14
Change {mm) 17 14 -28 -39 —63
0dds ratio 0.8 0.5 02 0.6 4
Cowiets 37/36
Chenge (mm) 164 61 55 - -28 ~45 —47
Odds ratin 13 2 ab - o.1° 05 pav

(Figwe 4g), daily streemflow in deciduous basins increased
by no more then 2 to 3 mm in the 1 10 5-yr period after forest
removal. After 2 decade of forest regrowth, streamflow
surpluses became deficits in several deciduous basins,

 [24] Relative changes in daily stremmflow sfter 100%
* forest removal also were strongly seasonal, and ranged
iﬁomhiﬁalmmsesofafewmmhundredsofpemem
(Figure 5). In conifer forest basins, daily streamflow in-
creased by several hundréd percent during the late summer/
catly fall (and late spring, at Caspar Creck, but results are
affected by missing data) in the 1 to 5-yr period after forest
removal. By 25 to 35 years after forest removal, maximum

summer deficits ranged from ~-30 to —50% (Figure 5), In
deciduous forest basing, daily stresmfiow increases rnged
from more than several hundred percent (in herbicided
basins), 200—300% (at Hubbard Brook and Femow), to a
few tens of percent (Coweeta), in late summer and early
fill in the 1 to 5-yr period after forest removal. By 25 to
35 years efier forest removal, maximum summer streamflow
deficits ranged from —50% (Hubbard Brook and Fernow)
o —30% (Coweeta) (Figure 5).

[25] Seasons were accurate predictors of when stream-
flow change occumed. Absolute streamflow change was
significently associsted with warm moist periods in three of
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150 years (Coyote 4); {d} couifer, no sno

snowpack (mm of snow water equivalent), streamflow (mm),
in Zen control basins used in this stud

75 years (Coweeta 2); (b) deciduous,

years (Hubbard

seasopal snow, 500 and 150 years (Andrews 2

(Andte'?:s 9); {cj conifer, tansient/no smow,

Figure 3. Mean daily precipitation (num),
versus deciduous), presence/ebsence of seasona]

meximum 4nd minivm temperatures (°C)

{¢) deciduous, seasonsl snow, 64
(Femnow 4); (g) deciduous, no snow,
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for 5-year periods after forest removal at fourtesn treated/control basin pairs. At the six conifer forest pairs,
forest age (time since most recent forest disturbance) and enow conditions were (2) 462 year-old Douglas-
fir/western hemlock forest, scasonal snow (Andrews 1/2); (b) 125-ta 450-year old Douglas-fir'westeri
hemlock forest, scasonal snow (Andrews 6/8); (c) 125 year old Douglas-firAwestern hemlock forest,
transient spow (Andrews 10/2); {d) 125-year old mixed-conifer forest, tansiznt/ne snow (Covote 3/4);
(e) 90-year old coast redwood/Douglas-fir forest, no snow (Caspar C/); () 90-year old coast redwood/
Douglas-fir forest, no snow (Caspar E/T). At the eight deciduous forest pairs, forest age (time since most
recent forest disturbance) and snow. conditions were (g) 27 year-old deciduons forest, seasonal snow
(Hubbard Brook 2/3); (h) 32 year old deciduous forest, seasona] snow (Hubbard Brook 4/3); (i) 45 year old
forest, seasonal snow (Hubbard Brook 5/3); (j) 50-year old red oak/sugar maple forest, transient/no snow
(Femow 1/4); (k) 56-year old red cak/sugar mapie forest, trangient/no snow (Fernow 7/4); (I) 50-year old
deciduous forest, no snow (Coweeta 7/34); (m) 12-year old deciduous forest, no snow (Coweata 13/14);

(n) 36-year old deciduous forest, no snow (Coweeta 37/36). -

four conifer basins, whereas absolute changes for the most
part were independent of warm, motst seasons in the
deciduous forest basins (Table 5). Days with absolute
sircamflow changes were three to many times more likely
to occur during warm, moist periods than other periods in
these gix basin pairs, but they were no more, or slightly lass
likely to occur during warm moist periods in four deciduous
forest basins, Net increases of 100 to 400 mm ocourred in
fll and spring in conifer forest basins, end net increases of
100 to 200 mm occurred in summer i deciducus forest
basins {Table 5).

[26) Relative streamflow change was significaptly asso-
cisted with werm periods in all basins (Table 6). Relative
streamflow changes in the 1 to 5-yr period afier forest

¥ removal were significantly associsted with periods of warm
f temperatures (suwminer), end smounted to net increases of 5
0 200% of summer flows (Table 6). Howeves, in one case
involving removel of 12-yr old forest (Coweeta 13/14),
relative streamflow responses were not associated with
season, and in another case (Coweeta 7/34), relative stream-
flow changes were significantly associated with cold peri-

ods. In conifer forest basins, summey streamflow changes
disappeared by 5 to 10 years afier forest removal. By 25 1o
35 years afier forest removal in conifer forest basins, a
significantly higher than expected pumber of days had
smmer streamflow deficits exceeding —25%, but the net
changes in summer streamflow ranged from +6 10 —48%
(Tabie &). In contrast, streamflow chanpes were significantly
more Jikely during the summer in all periods after forest
removal in most of the deciduous forest basins, but the net
changes in surmer streamflow ranged from +33% (Femow
1/4) to —42% (Hubbard Brook 2/3) (Tabie 6).

[»7] In basins with snowpacks, absolute streamflow
changes were significantly associated with periods of snow-
melt W all 5-yr periods after forest rempeat (Table 7). In
conifer forest basins with seasonal snowpsacks (Andrews 172
and 6/8), these changes amounted to net increases of 100 to
200 mm doring the enowrnelt period (Table 7). In the conifer
forest basin with a transient snowpack (Andrews 10), initial
streamflow gurphises became streamflow deficits relative to
the contrel, which has a sessons] snowpack (Andrews 2). In
the deciduous forest basins, steamflow deficits ocourred
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Figure 4. (continued)

during the snowmelt period; net changes ranged from +19 to
—47 mm.

53. Sopceessionzl Effects

f22] Streamflow responses to forest removal were related
to two aspects of forest succession: (1) age of the regener-
ating forest (i.e., time since treatment, Figure 6), and (2) the
difference in forest age between the treated and control

basins (Figure 7). Streamflow responses to forest removal
declined over several decades of forest regrowih, but the
rate of decline varied by seanon and forest type end age, and
there is considerable betwecn-site variability in response for
any given postireatment period (Figure 6). For the entire
water year, sireamfiow surpluses were highest and most
persisient afier removal of 90 to 450-yr old conifer
forests, and lowest and most cphemeral sfter removal of
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12 to 56-yr old deciduous forests (Figure 62). Comifer
forests with transient snow or no miow had intermediate
responses in anpual streamflow. Surpluses during the
saowmelt period persisted for up to four decadss after
removal of conifer forests from basins with a seasonal
mowpack (Figure 6b). Steemflow supluses m wam,
moist seasons were higher and more persistent in conifer
forest basins compared to deciducus forests (Figure 6c).
By 20-25 years after forest removal (period 5), stream-
flow deficits had developed i August in =1l but ope
treaied basin (Figure 6d). Although absolute chenges were
small, Auvgust stremmnflow 15 vears after forest removal
bad declined by 60 to 80% relative to prebeetment
Aupust streamflow (Figure 6d).
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(continued)

(25} Theageofﬁ:restnﬂheﬁllneitwashmmed(wﬁdl
is equivalent to the difference in age between the forest in
the control and the treated basin) explains additional vari-
ability in sircamflow response beyond that explained by
scason o Hime since treatment (Figure 7). Streamflow
response in both absolute (Figure 7) and relative (data ot
shown) terms increased log-linearly, from trested basins
with deciduovs foresis that were 12 to 56 years younger
than their control basins, to treated basing with conifer
forests 90 to 460 years younger than fheir control basips.
Changes in annual streamflow, in streamflow during the
warmm, moeist season, and in the smowmelt period were
significantly positively related to forest age, in both the
1o 5- and 15 t0 25- yr periods efter forest removal
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36 September) for 5-year periods after forest removal gt fourteen treated/contro] basin pairs. See Figure 4

for basin names, forest types, and ages.
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Figure §. (continued)
(Figure 7). Fitted relationships explained from 45 to 92% to forest age in the 15 1o 25-yr period after forest removal
of variation in absohute changes (Figure 7) and from 37 10 (Figures 7g and 7h).
65% of variation in percent changes m streamflow (data
not shown). Even when the “conifer-seasonal snow” points
6. Discussion

in Figure 7 were removed, six of eight regressions were
still significant, with r values ranging from 0.4 to 0.81.
Change in streamflow during the cold season was not
related to forest age in the 1 to 5-yr period, but was rejated

" [} Streamflow response to experimenta) forest removal
and regrowth in fourteen treated/control basin pairs io the
Pacific Northwest and eastern Uhited States indicates that
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Tabie §. Reletive Streamflow Changes in Warm SﬁsamAﬂchmRunovalndDmingFmR:mwm at Fourteen Pairs of Small
Expeximental Bastos in Pacific Northwest Conifer and Eastery Deciduous Forests, USA®

) Years Afir Forest Remnoval
Fomst Type/Besin Pair  Treatment 105 61010 (15015 169020 21025 26030 311035 36040 4] 145
Conifer Forests
Andrews 172
Changs (%) 10 60 -7 -2 -7 ~5 -12 —48
Odds rafio 614 5 0.1° 1 2 nat ] 239
Andtews 68
Change (3¢) 52 33 35 39 10 ~13
Odds ratio il 2 1 1 0.1%" 2
Andrews 102
Changs (%) 25 37 36 i3 23 [
Odds ratio 448 0.5 10 ¥ 09 15
Coyote 34
Change (%) 145 67
Odds ratio 45t pot
Decidugus Forests
Habbard Brook 2/3
Changs (%) 469 186 3% ~12 15 —-18 —42 3
Oxlds rasip 404° 18 % av 7 20 277 189
Fubbard Brook 472
Ciange (%) 70 55 26 ~25 —43 —-42 ~35
Ddds Txtio 442 10 17 11¢ yos 10° 134
Hubbard Brook 573 .
Change (%) 1 61 L —-19
Odds ratin 3470 14 e &
Feroow 14
Change (%) 100 10 1 17 2 k) 2z ] -5
Oddy ratio kKT o +* 4 1o? 5 7 T & &
Femnow 7/4
Change %) 95 38 3 -0 ~3 3 ~24
Odds ratio 354 3 07 1.4 £ ¢ g¢
Coweets 7734 R
Change (%) 1 o -1 7
Ondds ratia p2? 032 0.6 g
Cowesta 1324
Change (%) 4 4 -7 =10 ~16
Odds ratio 3 0.6 1 D2 is*
. Cowesta 37736
Clangs (%) 2% ) 9 - -5 -8 -4
Odds ratio 173¢ 3 16t - 1t - 0.1
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Table 7. Absolwic Streamflow Changes in Snowmelt Periods After Forsst Removal and During Forest Regrowth at Fourtesn Pairs of
Siwall Experimental Rasins in Pacific Northwest Conifer snd Eastern Deciduous Forests, USA®

_ Years Afier Foreat Removal ' Ty
Forest Tvpe/Basin Pair Trament 15 6k 10 Nws C 16w20 210025 w3 3NwI5 Kt 4lmds »
b;x{f#? Famﬁ I

Andrews 172

Change {mm) 167 170 152 153 159 139 i 103

Odds ratio * 1 s o & £ 8
Andrews 6/8

Change (oum) 139 139 180 237 M 126

Odda ratio P 'y g S 12

Andrews 1072

Change {mm) & 4 2 -17 -24 —~14

Odds ratio 4 nt 4 s 9’ &

Decidvouw: Foresis

Hubbard Brook 2/3

Change (mx) -10 -8 27 -17 —47 —i9 -17 -18

Odds retio 0.7 ¢ 160* 914 185" 60° 100¢ 759
Hubberd Brock 43

Change (mm) ~1 -2 -5 -25 1 -4 ~13

Odds ratic 172¢ p oy - i1g* 73e 494 &0’
Hubberd Brock 53

Change (mm) ~4q 0 U] 19

Odds m=tio kYo 184 754 40°

'@mgemﬂodd;rﬁmmﬁﬂmﬁxu@hhﬁnpﬁmdm tirae petiod, Blanks, dashos, sqd odds mtios are defined i legend to Table §.
i mdhﬂwmdmuwwmmmmnnﬂwmmdﬁ:mnﬁtmmﬁw&mnp<nﬂs.

'miqwﬁmﬂrmmwwmmmdmmdhmwm“ummwmup<0m1.

Wmammmmmmmwmwmmspmmt.

forest cifects on steamflow are strongly seasonal, end
depend upon the age or successional stage of the forest.
The analysis involved a complete re-anslysis of primary
data using a novel approach to paired-basin analysis, rather
then relying upon reviews or meta-analyses of published
studies s in Bosch and Hewlett [1982] or Robinson et al.
[2003]. Our findings may differ slightly from published
velues for specific sites {Rothacher, 1970, 1975; Douglass
and Swank, 1972; Harr et al., 1979, 1982; Swi and Swank,
198); Hornbeck et al, 1993, 1997; Martin et of, 2000,
‘Lewis et al., 2001; Swank et al, 2001) because of differ-
ences in watershed pairing, use of daily average flows, and
log-transformation of data. ‘The results are relevant to eco-
physiology, global change modeling, and stream ecology as
well as hydrology, and they highlight the future potential for
paired besin’ experiments,

[31] Atmosphéric stresses (i.c., tomperature, vapor pres-
sure) and soil moisture stresses imposed on individuat
plants fe.g., Eagleson, 2002] scale up to mfluence stream-
flow ut the small watcrshed scale, producing streamilow
responses to forest removal and regrowth that were con-
conducive te ‘cvapotranspiration. Evapotranspiration
depends upon (among other things) soil moisture, net
interception, and evaporation from the cenopy (Figare 1).
Streamflow responses were larger in absolate terms after
removal of conifer compered to deciduons forests, for
basins with similar mean annual precipitetion, confirming
the site-specific work of Swank and Douglass [1974).
Conifers are adapted to use water throughout the year, as
longassoﬂmoisnuemdmnpmtmesmmtlimiﬁng,
whereas transpiration in deciduous trees is limited to periods
when leaves are present. Plant-level diffetences batween
conifer and deciduous forests were accentuated at the basm

scale in this- study, because coniferous forests were older
than deciduous forests, and evapotranspiration from decid-
uous understoty and early successional components of the
regenerating conifer stands was limited by dry summers
typical of these western sites,

[32] Changes in forest canopy interactions with fhe
snowpack over the course of succession provide a possible
altemative mechanism for documented long-term changes
in snowmelt nuoff [Hodgekins et al, 2003). Seasonal
snowpack volume, and bence the snow water equivalent
availsble fo melt in the spring, depends upon the balance of
additions and losses to sublimation and melt (Figure 1),
Removal of deciduous forest canopies increases the expo-
sufe of cold mnowpscks to winter sunlight in climates of
castem forests, and characteristically dense regenerating
siands (e.g., of pin chemy {Marks, 1974] may intercept
more snow, enhencing sublimation and reducing snowpack
volume, Therefore in the first decade after removal of
deciduous forest canopies, snowmelt pecurred earlier and
streamflow was reduced during the snowmelt period com-
pared 10 40 to 60 yr-old forests (Figures 4g—41), This effect
was reversed after two or three decades of forest regener-
ation, and snowmelt occurred later, but streamflow
to the contol. In comtrast, removal of conifer forest cang-
pies decreases interception and ‘increases the exposure of
wam snowpacks to radistive heat losses, cooling mixed
main/snow to snow, in climates of Pacific Northwest
forests [Harr, 1981). Moreover, sparse regenerating stands
VHalpern, 1985; Acker et al., 2002] may intercept Jess gnow.
All these fuctors ephance smow accumulation and increase
suowpack volume [Marks et al., 1998; Storck et al., 2002].
Therefore in the first decade afier removal of conifer forest
canopies, snowmelt octurred earlier and streamflow was
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Figure 6. Eﬁmofﬁmcﬁncctammt(s-yrpﬁiodaﬁerfomstmmwﬂ)mabmluwchmgw
in streamflow (wm) in fourteen treated/control basin pairs. (2) Eutire water year, (b) sowmelt
puiod,(c)warm,mois:peﬁodwﬁhmg_m(merfordecidmusfomst;@;:s,ﬁllfomonifaforestsites),
(d)Angustiowﬂowpaiod.ansvaliﬁmlet'Mentpeﬁod,2=l'ms-yeamaﬂzrfomstmmova],._..,

10 = 4] 10 45 after forest removal,

increased during the snowmelt period compared to 125 ta
500 year-old forests (Figures 4a and 4b). After two or three
decades of forest regeneration, snowmelt occurred later, and
streamflow during the snowmelt peziod remzined elevated,
compared to the control,

[33] Streamflow variability in winter may be coupled to
forest vegetation through lagged effects transmitted by eoil
moisture reservoirs, Lagged effects were limited to circom-
stances when moisture was held ‘st high tensions, such as
when soil moisture content was low or soils were very fine-
textured. Soil moisturc st high tensions bas low hydraulic
copductivity, so & “pulse” of increased or decreased soil
misture could take months to travel from the rooting zone
through & gmall basin to the gage. Thus in deciduous sites,
maximum streayfiow responses in summer sppeared near
the middle or end of the warm period (Figures 4g—4k, 4n),
In two cases (Figures 41 and 4m) the maximum streamflow
responce appeared several months efter the end of the
summer, an effect noted by earlier workers [Swank et al,
1988].

[34] The strong relationships of streamflow change to two

- aspeets of forest age {time since treatment and age of the
' forest at the time it was removed) support the notion that
forest succession results in more efficient nse of fixed
‘moisture resources [Eagleson, 2002]. Forest age is a proxy
for forest condition, which influences hydrologic processes.
Specifically, time since treatment, and time since most
recent severs disturbance are proxies for leaf ares, sapwood

densities, species composition, snd canopy structure, which
in um are proxies for interception, svaporation, and tran-
spiration. Thus as noted by Hombeck et ol [1993, 1997]
end Swank ef ol. [2001), young (10 to 30-year old) forests
regenerating from di were higher water nsers per
unit leaf area than older fovests (12 to 450 years older),
However, based on 14 basin pairs m both conifer and
deciduous forests, young forests (10 to 30 yrs old) were
higher water users than old forests (70 to 450 y75 old) only
in relative terms during Iate summer periods (Augnst). In
fact, the converse was brue: removal of old (90 to 450-year
old) conifer forests had a larger absolute effect on stream-
flow than removal of young (13 to 56-year old) deciduous
forests. As forest succession proceeds over 50, 100, or
500 years, many factors (the increasing age of individual
trecs, changes in water use by new species sucoeeding in the
overstory and understory, aliered interception capacity, or
development of & canopy epiphyte commmmity) may in-
crease the ability of a forest commumity to capture and store
watet. Disturbaace history can heip predict the ranges of
streamflow responses & forest removal, but further work
[e.g., Link, 2001} is needed 1o clucidate the many ydro-
logic mechanisms that eperate in aging forests.

[35]1 Streamflow responses to forest removal observed in
this study indicate that forest vegetation effects on stresm-
flow variability may have for siream ecology
[e-2., Poff et al, 1997]. In basins dreining northwestern
conifer forests, persistent absolute streamflow increases
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Figure 7. Effect of forest age at the time of harvest (time since most recent forest disturbance) on
absolute change in water yield for varivus seasons and stages of suceession. Entire water year: (2) 1 to
5 year and (b) 15 to 25 year periods after forest removal. Wann, moist scsson, fall for conifers, suramer
for deciduous farest: {c) 1 to 5 year and (d} 15 to 25 year periods after forest removal Snowmaelt season:
{¢) 1 0 5 year and (f} 15 to 25 year periods after forest removal. Cold season (winter): (g} 1 to 5 year and
(0) 15 to 25 year periods after forest removal. Herbicided basin (Hubbard Brook 2) wes excluded from
vegression for the warm, motst scason, 1 to 5 year period after forest removal. Least-squares fitted log-
linear models and 1* values are shown. .

during sprivg, combined with persistent relative summer
deficits, imply thet stream organisms are subjected to bigger
ranges of streamflow variability in young compared to old-  of forest canopy on streamflow through changes in snow
growth forest stands. Basing drining young eastern foreste  accumulation and melt, and summer weter use,
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[35] The methods used in this study represent a departure
from prior work, and indicate the potential for comtinued
analyses of paired-basin experiments.

[3] 1. The treated/control relationship in paired-basin

experiments, rather then a black and white one, can be
viewed as a finction of continuous, and continuously
changing, differences between besins in vegetstion struc-
ture, composition, and climate. Thus multiple basins may be
used as controls for a given treated basin, and the responses
may be compared.
[38] 2. Paied-basin records provide the opporhumity to
quantify and compare streamflow responses st multiple
temporal scales, including storm events, sSa5008, BUCCES-
sionsl periods, and decadal climate change. Work is needed
to cxemine how streamflow responses at seasonal and
successional timescales, addressed io this study, interact
with streamflow responses at the storm event scale [e.g.,
Jones, 2000; Lewis ef al., 2001}, end at the scale of decadal
climate change [e.g., Greenland et al., 2003].

[3] 3. Small paired-basin experiments permit compari-
son of streamflow responses across vegetation types and
treatments, climates, and basin scales. This analysis, which
wag restricted to <100-ha, mountsinous, temperate decidu-
ous and conifer forest basing, could be extendsed with
additiona) replicates of these basin types, or records from
other climates, other treatments (¢.g., fire), or other vegeta-
tion types. The very high streamflow varisbility at basins of
<20 ha may chscure some important streamflow changes, so
records from larger basin scales should be included in
analyses. Relevant data ere dvailable through Hydro-DB
[Baker et al., 2000].

[+] Prediction of streamflow from ungaged basins is
major unglong challenge for hydrologists (see e.g., the
PUB nitiative, http:/fiahs info). This smﬂy indicates that
to some extent streamflow can be from climate,
forest type, and dishabance history effects on bhydrologic
processes. The approaches presented in this paper provide
useful advances for vnderstanding mud prediction of hydro-
logic response.
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AN ABSTRACT OF THE THESIS OF

Timothy D. Perty for the degree of Master of Science in Geography presented

on December 7, 2007.

Years of Streamflow Records in Eight Paired-watershed Experiments in the H. |.
Andrews and South Umpnjua Experimental Forests. |

Abstract approved:

Jutia A. Jones

This study quantified the magnitude and timing of summer streamflow
deficits in paired-watershed experiments in the Cascade Range of Oregon
where mature and old-growth conifer forests were subjected to clearcutting,
patch cutting, and overstory thinning treatments in the 1960s and 1970s.
Hydrologic effects of clearcutting, small-patch cutting, and overstory
thinning in the mixed conifer/brush zone were studied (1 watershed (W$S)
each) in the Coyote Creek WS of the South Umpqua Experimental Forest at
42°71" 15”N and 122° 43’ 30”"W. llydrologic effects of clear cutting (3 WS),

shelterwood cutting (1 WS), patch cutting (1 WS), and young forest thinning
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(1 W5) were examined in the Tsuga heterophylla zone at the H. J. Andrews
experimental forest at 44° 14" 0”N and 122° 11" 0” W. Climate of both sites is
marine west coast with winter precipitation and dry summers, producing
minimum streamflows in August and September. Changes in flow
frequency distributions were detected by counting days below streamflow
thresholds where the thresholds were established using percentiles from
pre-cutting streamflow records. Changes in relative streamflow were
established by the station pair method. Summer streamflow deficits were
largest and most persistent in 35 to 50-year-old forest plantations created
from clearcutting and shelterwood cutting in the 1960s and 1970s. Summer
streamflow deficits were smallest and most ephemeral in a stand that
experienced 50% overstory thinning in 1971. Summer streamflow deficits of
intermediate size and persistence developed in watersheds in which 25 to
30% of the area had been patchcut in the 1960s or 1970s. A sparse (12%)
precommercial thin of a 27-year-old stand exhibiting summer streamflow
deficits had comparatively little effect on streamflow deficits. Streamflow
deficits emerged as early as March or April and persisted into October and
November in the warmer, drier site in southern Oregon (Coyote Creek),
whereas summer streamflow deficits were restricted to July through

September in the cooler, wetter Andrews Forest. These findings are
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consistent with previous studies demonstrating (1) increases in water use in
certain conifer species relative to others (e.g. Douglas-fir versus pine); (2)
higher water use in young (i.e., 10 to 50-yr-old) compared to old (100 to 250-
yr-old) stands of many tree species; and (3) decreased interception capacity
of young relative fo old forest stands associated with loss of canopy
epiphytes. Results appear to be robust, despite gaps in data availability,
uncertainties associated with changes in stream gauging, streamflow trends
over time in control watersheds, and multi-decadal fluctuations in regional
climate over the study period. These findings support the notion that
varijable-intensity logging prescriptions over small areas to approximate
natural forest structure may have the least effect on summer streamflows.
However, more research, preferably new paired watershed experiments, is
needed to quantify the magnitude and duration of summer streamflow

effects from various levels of overstory and understory thinning treatments.
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Summer streamflow deficits from regencrating Douglas-fir forest in the Pacific Northwest,
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Timothy D. Perry, Geography, College of Earth, Ocean, and Atmospheric Sciences, Oregon
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*Corresponding author: jonesj@geo.oregonstate.edu
ABSTRACT

Despite controversy about effects of plantation forestry on streamflow, streamflow response
to forest plantations over multiple decades is not well understood. Analysis of 60-yr records
of daily streamflow from eight paired-basin experiments in the Pacific Northwest of the
United States (Oregon) revealed that conversion of old-growth forest to Douglas-fir
plantations had a major effect on summer streamflow. Average daily streamflow in summer
(June through September} in basins with 34 fo 43-yr-old plantations of Douglas-fir was 50%
lower than streamflow from reference basins with 150 to 500-yr-old forests dominated by
Douglas-fir, western hemlock, and other conifers. Study plantations are comparable in terms
of age class, treatments, and growth rates to managed forests in the region. Young Douglas-
fir trees, which have higher sapwood area, higher sapflow per unit of sapwood area, higher
concentration of leaf area in the upper canopy, and less ability to limit transpiration, appear to
have higher rates of evapotranspiration than old trees of conifer species, especially during dry
summers. Reduced summer streamflow in headwater basins with forest plantations may limit
aguatic habitat and exacerbate stream warming, and it may also alter water yield and timing
in much larger basins. Lepgacies of past forest management or extensive natural disturbances
may be confounded with effects of climate change on streamflow in large river basins.
Continued research is needed using long-term paired-basin studies and process studies to
determine the effects of forest management on streamflow deficits in a variety of forest types

and forest management systems.

Keywords: stationarity, succession, climate change, native forests, plantations, water scarcity
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1. INTRODUCTION

Widespread evidence that streamflow is declining in major rivers in the US and globally
raises concerns about water scarcity (Adam ef of., 2009; Dai ef al., 2009; Luce and Holden,
2009; Vorosmarty et al., 2000). Climate change and variability are implicated as causes of
many streamflow trends (Lins and Slack, 1999, 2005; McCabe and Wolock, 2002; Mote er
al., 2003; Hodgkins et al., 2003, 2005; Stewart et al., 2004, 2065; Nolin and Daly, 2006;
Hamlet and Lettenmaier, 2007; Barnett 7 of., 2008; Jefferson et af., 2008; Lara ef al., 2008;
Dai et al., 2009, Kennedy ez al., 2009; Jones, 201 1). However, large-scale plantation
forestry, often using non-native tree species, is expanding in much of the temperate zone on
Earth, despite widespread evidence that intensive forestry reduces water yield (Comish and
Vertessy, 2001; Andreassian, 2004; Brown ef af., 2005, Farley et al., 2005; Sun et al., 2006:
Litile e al., 2009). Water yield reductions are greater in older plantations, during dry seasons
and in arid regions {Andreassian, 2004; Brown ef gi., 2005; Farley et ol., 2005; Sunef al.,
2006). Yet, downstream effects of forestry are debated (van dijk and Keenan, 2007).

Despite general studies of water partitioning in forested basins (e.g., Bedyko, 1974, Zhang et
al., 2001, Jones ¢ al., 2012), it is unclear how streamflow varies during forest succession,
relative to iree species, age, or growth rates in native forest and forest plantations (Creed ez
al., 2014). In the Pacific Northwest of the US, forest plantations have reduced summer
streamflow relative to mature and old-growth forest (Hicks ef al., 1991; Jones and Post,
2004). However, the magnitude, duration, causes, and consequences of summer water
deficits associated with forest plantations are not well understood,

In the Pacific Northwest, large areas of old-growth forest have been converted to forest
plantations. We examined how changes in forest structure and composition have affected
streamflow using multiple paired-basin experiments in western and southwestern Oregon,
where regenerating forests are currently aged 40 to 50 years, and reference forests are aged
150 to 500 years. Many studies have reported on these experiments, including vegetation
ecology (e.g.. Marshall and Waring, 1984; Halpern, 1989; Halpern and Franklin, 1990;
Halpem and Spies, 1995; Lutz and Halpem, 2006; Halpern and Lutz, 2013} and hydrology
(e.£., Rothacher, 1970; Barr et al., 1979; Harr and McCorison 1979; Harr et al., 1982; Hicks
et al., 1991; Jones and Grant, 1996, Jones, 2000; Jones and Post, 2004, Perkins and Jones,
2008; Jones and Perkins, 2010; Jennings and Jones, 2015). We asked:

1. How has daily streamilow changed over the past half century in reference basins with
¢ 150- to 500-yr-old forest?
2. What are the trends in daily streamflow over 40 to 50-year periods, from basins with
regenerating forests compared to reference basins?
3. How are changes in summer streamflow related 1o forest structure and composition in
mature and old-growth forests vs. forest plantations?

2. 8STUDY SITE

The study examined streamflow changes in eight pairs of treated/reference basing in five
paired-basin studies. Five of the basin pairs (eight basins) were located in the H.J. Andrews
Experimental Forest (122° 15' W, 44° 12' N} in the Willameite National Forest. Three basin
pairs (4 basins) were located at Coyote Creek in the South Umpgua Experimental Forest
(122° 42" W, 43° 13' N} in the Umpqua National Forest (Table 1, Figure 1). Basins are
identified as Andrews 1, 2, etc. = AND 1, 2, etc.; Coyote 1, 2, etc. = COY 1, 2, etc. (Table 1),

This article is protected by copyright. All rights reserved.
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The geology of the study basins is composed of highly weathered Oligocene tutfs and
breccias that are prone to mass movements. The upper elevation portion of the Andrews
Forest (above ~800 m, AND 6, AND 7, AND 8) is underlain by Miocene andesitic basalt
lava flows (Dyrness, 1967; Swanson and James, 1975; Swanson and Swanston, 1977). Soils
are loamy, well-drained, and moderately to highly permeable, with considerable variation in
depth and rock content (Rothacher et al., 1959; Dymess, 1969; Dyrness and Hawk, 1972).

The Andrews Forest ranges from 430 to 1600 m elevation; study basins range from 430 fo
1100 m elevation (Table 1). Area-averaged slope gradients are >60% at low elevation (AND
I, AND 2, AND 3, AND 9, AND 10) and 30% at high elevation (AND 6, AND 7, AND 8),
Mean daily temperature ranges from 2°C (December) to 20°C (July) at 430 m and from 1°C
(December) to 17°C (July) at 1300 m. Mean annual precipitation is 2300 mm, >75% of
precipitation falls between November and April, and actual evapotranspiration (AET)
averages 45% of precipitation. The South Umpqua Experimental Forest (Coyote Creek
basins) ranges from 730 to 1065 m elevation. Most slope gradients are <40% (Arthur 2007).
Mean daily temperarure (at USHCN station OR356907, 756 m elevation, 30 km SE of
Coyote Creek) ranges from 3 °C (December) to 20 °C (July). Mean annual precipitation (at
OR356907) is 1027 mm, >80% of precipitation falls between November and April, and AET
averages 45% of precipitation.

Study basins are located along a gradient of seasonal snow depth and duration (Harr, 1981,
1986). At high elevation (> 800 m, AND 6, AND 7. and AND 8), average snowpack water
equivalent (SWE) on April 30 exceeds 700 mm (30% of annual precipitation), and snow may
persist for six months, whereas at low elevation {<700 m, AND 9, AND 10), snow rarely
persists more than 1-2 weeks and usually melts within 1—2 days; peak SWE is ~2% of
precipitation (Harv er al., 1979; Harr and McCorison, 1979; Harr ef al., 1982; Perkins and
Jones, 2008). Snow at the South Umpgqua Lxperimental Forest (Coyote Creek) usually melts
within 1-2 weeks.

Vepetation at the Andrews Forest is Douglas-fir/western hemlock forest. Mature and old-
growth forest regenerated after wildfires in the early 1500s and mid-1800s (Weisberg and
Swanson 2003, Tepley 2010, Tepley ef al,, 2013). Overstory canopy cover is 70 to 80% and
leaf area index is >8 (Dyrness and Hawk, 1972; Marshail and Waring, 1986; Lutz and
Halpern, 2006). Vegetation at the South Umpgqua Experimental Forest is mixed conifer
(Douglas-fir, white fir, incense cedar, sugar pine), and overstory canopy cover is 70 1o 80%
(Anderson ef /., 2013).

At the Andrews Forest the first paired-basin experiment began in 1952 (AND 1, 2, 3); a
second paired basin experiment began in 1963 (AND 6, 7, 8) and a third paired-basin
experiment began in 1968 (AND 9, 10), with continuous records except at AND 7 (Table 1),
Pre-treatment periods exceeded seven years in all cases and were ten years for AND 1/2,
AND 6/8, and AND 7/8. Streamflow instrumentation changed in some basins over the period
of record (Table 1). Because of the timing of instrumentation changes at AND 9/10, AND 2
is used as the reference basin for AND 10 (see supplemental material). At the South Umpqua
Experimental Forest, the Coyote Creek paired-basin experiment began in 1963 (Tabie 1),

The pre-treatment period was seven years. Despile a break in the record from 1981 1o 2000,
streamflow instrumentation is unchanged (M. Jones, personal communication).

This arlicle is protected by copyright. All rights reserved.
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3. METHODS

This study examined changes in daily average streamflow and its relationship to climate and
forest structure and species composition in paired basins. Climate, vegetation, and
streamflow have been measured for multiple decades at the Andrews Forest and Coyote
Creek (see supplemental materials). Tree-level vegetation data were used to calculate basal
area for all species, proportions of basal area for major species, and size class distributions,

Daily sireamflow data for the period of record were used to calculate the change in
streamflow by day of water year utilizing the method developed by Jones and Post {2004),
The ratio R of daily streamflow between the treated basin T and reference (control) basin C'
for year y and day 4 was calculated following Eberhardt and Thomas (1991) as:
Rys = In(Tyq / Cya) (1

The mean value of this ratio M for all the years y in a given period p was:
Mpq = Average {R,y) for all *y” in “p” (2}

The percent difference /s between the treated:reference ratio of streamflow on day d in the
pre- and post-treatment period p compared to My, in the pre-treatment period 0 (M), was:

Ppa = 100*(e{Mpa —Madg). 1) (3)

The 15-day smoothed percent change in daily streamflow, S, was:
Spa = X(Ppo*Epp) / Y (Epp} over D=d-7, d-6, ..., d, ..., d + 6, , d+7 4)

The smoothed daily percent difference S,, was averaged for 5-year post-treatment periods
and plotted as a function of day of the water year. S, also was summed by moenth and plotted
as a function of time (year). Percent changes in daily streamflow were caleulated for eight
treated/reference basin pairs: COY 1/4, COY 2/4, COY 3/4, AND 1/2, AND 3/2, AND 6/8,
AND7/8, AND 10/2. The significance of percent changes was assessed based on
comparison with the 15-day smoothed values of the pre-treatment standard error of Py,

A daily soil water balance was created for AND 2 based on mean daily values of precipitation
and discharge, daily evapotranspiration estimated from S, (Jones and Post, 2004) and mean
daily snow water equivalent modeled in Perkins and Jones (2008). In addition, long-term
trends in streamflow were calculated for each day of the water year from the beginning of the
record to 1996, for AND 2, 8, and 9, following Hatcher and Jones (2013) (see supplemental
maferials).

Flow percentiles were calculated for each gage record, and the numbers of days of flow
below each percentile were tallied by water year. The difference in numbers of days below
sclected percentiles between the treated and reference basin for 1995 to 2005 was calculated
and compared fo summer discharge at the reference basin for 100% treated/reference pairs.

4. RESULTS

The structure and composition of native mature and old-growth forest in reference basins
varied, reﬂectin% wildfire history, but was stable over the study period. Basal area ranged
from 66 to 89 m"/ha depending on the basin and the year (Table 2). Douglas-fir
(Pseudotsuga menziesii) was the dominant species, representing 55 to more than 90% of
basal area, with varying amounts of western hemlock (7suga heterophylla) and westemn
redcedar (Thuja plicata) in AND 2 and AND 8, and California incense cedar (Calocedrus
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decurrens) and white fir (dbies concolor) in COY 4 (Table 2). Trees in AND 2 (N-facing)
and AND 8 {upper-elevation) were very large, with weighted mean stem diameter of roughly
0.66 m. In contrast, trees were smaller op the low-glevation, SW-facing, relatively hot, dry
slapes of AND 9 and the mid-elevation COY 4 in southwest Oregon, with mean diameter of
Just over 0.3 m (Table 2). Siem density ranged from 87 stems/ha at the N-facing AND 2 to
over 400 stemsha at the SW-facing AND 9. Over a 25-year period, stem density and basal
arca were stable in AND 2, although there was a slight net loss of Douglas-fir and a gain of
western hemlock (Table 2}. The size-class distributions of Douglas-fir reveal moderaie-
severity historical fire in AND 2 and moderate to high-severity fire AND 8 in the mid 1800s,
which produced cohorts of regenerating Douglas-fir (Figure 2).

Basal area and growth rates in the 34 to 43-yr-old plantations in the treated basins are al the
lower end of those reported for managed plantations in the region (Figure 3). Basal area at
the most recent measurement period (2007 to 2010) ranged from 27 to 35 m*ha, or between
one-third and one-half of the basal area in the corresponding reference basin (Table 2).
Douglas-fir, which was pianted in the treated basins, was the dominant species, representing
more than 80% of basal area. Stem density was five 1o ten times higher in plantations than
matched reference basins, and ranged from 533 to more than 1700 sters/ha (Table 2). Mean
diameters in plantations were one-third to one-fifth of those in corresponding reference
basins, except for COY 1, where the large mean stem diameter (31 cm) reflects the retention
of 50% of the overstory from the shelterwood harvest (Table 1, Table 2}. Trees were smallest
in AND 7 (shelterwood harvest, plantation aged 34 yrs) and largest in 100% clearcut and
burned basins AND 1 (piantation, aged 40 yrs) and COY 4 (plantation, aged 35 yis}). AND
10, which was clearcut but not burned, had a very high number of small stems (plantation,
aged 35 yrs) (Table 1, Table 2, Figure 2). Adjusting for age, rates of basal area growth were
similar in all the 100% clearcut basins. The unburned basin (AND 10) and the shelterwood
harvest basin (AND 7) had slightly lower rates of growth in the third decade affer harvest
(AND 10) and a pre-commercial thin (12% basal area removal) at year 28 in AND 7, but
rates were similar by 35 years (Figure 3).

The daily soil water balance for the reference basin (AND 2, Figure 4) reveals extremely low
rates of evapotranspiration and soil moisture in old-growth forests during the summer (July
through September). Evapotranspiration is Himited by low temperature in winter, and low soil
moisture in summer.

Daily streamflow has not changed in reference basins (Figure 5). Runoff declined slightly
during the periods of snowmelt, but these minor changes were significant only at AND 2
(Figure 5). Summer streamflow did not change over time.

Conversion of old-growth forest to Douglas-fir plantations, which reached 34 to 43 years of
age by the end of the record analyzed here, had a major effect on summer streamflow. By the
mid 1990s, average daily flow in summer (June through September) in basins with planiation
forests had deciined by roughly 50% relative to the reference basins with 150 to 500-yr-old
forests (Figure 6 a). When plotted by time since harvest, summer streamflow deficits
appeared when plantation forests reached fifteen years of age (Figure 6 b). The trend of
declining summer streamflow was temporarily reversed in the late 1980s, especially at AND
1/2 and AND 6/8, after a severe freezing event in November of 1986. A pre-commercial thin
(12% basal area) in AND 7 in 2001 did not slow the decline of summer streamflow.
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When examined by day of year, forest harvest produced large streamflow increases from June
through December in the first ten years after harvest (Figure 7). Initial summer streamflow
surpluses were lowest, and disappeared most quickly, in 50% thinned ("sheiterwood™) basins
(AND 7, COY 1), and they were highest at the 100% clearcut basins (AND 1, 6, 10, COY 3N
(Figure 7). Conversion of mature and old forest to young plantations produced streamflow
surpluses in winier and spring of 25 to 50%, which persisted virtually unchanged to the
present in the Andrews Forest, but not at the drier, more southerly Coyote Creek (Figure .

By 20 to 25 years afier 100% clearcutting, summer streamflow was lower in all plantation
forests compared 1o reference basins (Figure 7 a to €) and also in one 25% patch cut basin
(Figure 7 g). In 100% clearcut basins, summer streamflow deficits began by carly July, and
persisted until early October (AND 1, AND 7, Figure 7 a,¢). to the end of November (AND 6,
AND 10, Figure 7 b,d), or to the end of December (COY 3, Figure 7 ¢). Deficits were largest
in August and September, when streamflow from forest plantations was 50% lower than from
reference basins. Summer deficits did not emerge over time in treatments involving
shelterwood {50% thinned, COY 1) and very small gaps (0.6 o 1.3-ha patch cuts, COY 2)
(Figure 7 £h), Relative to 50% thinning (shelterwood) and very small gaps, intermediate-
sized gaps (8-ha patch cuts, AND 3) produced larger initial summer surpluses and persistent
summer deficits. The largest gaps (20 to 100-ha clearcuts) produced the Jargest summer
surpluses and the largest, persistent summer deficits, which extended into the fali season
{Figure 7 a-d). Thinning of young forest (AND 7) did not counteract summer streamflow
deficits.

Summer streamflow deficits occurred during the period of minimum flow, when soil
moisture is most limiting (Figure 4, 7). The duration of summer streamflow deficits (defined
as difference in the number of days below the 1st percentile in basins with plantations vs.
reference basins} was greater during dry compared 1o wet summers, al low com pared to high
elevation, and at the more southerly Coyote Creek compared to the Andrews Forest (Figure
8). Forest plantations that were aged 25 to 35 years in 1995 to 2005 had as many as 100
more days with flow below the 1st percentile compared to the reference basin {Figure 8).
Within a basin pair, the number of days of flow below the 1st percentile increased in dry
relative to wet summers (Figure 8).

5. DISCUSSION

This study showed that, relative to mature and old-growth forest dominated by Douglas-fir
and western hemlock or mixed conifers, forest plantations of native Douglas-fir produced
summer streamflow deficits within fifteen years of plantation establishment, and these
deficits have persisted and intensified in 50-yr-old forest stands. Forest stands in the study
basins, which are on public forest land, are represemtative of managed (including thinned)
forest stands on private land in the region, in terms of basal area over time (Figure 3), age (10
to 50 years), clearcut size (20 ha), and average rotation age (50 years) {(Lutz and Halpemn,
2006; Briggs 2007). There are no significant trends in annual or summer precipitation
(Abatzogiou ef al,, 2014) or streamflow at reference basins over the study period. This
finding has profound implications for understanding of the effects of land cover change,
climate change, and forest management on water yield aud timing in forest landscapes.

The size of canopy opening explained the magnitude and duration of initial summer
streamflow surpluses and subsequent streamflow deficits, consistent with work on soi)
moisture dynamics of canopy gaps. In 1990, Gray et al. (2002) created experimental gaps in
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mature and old-growth forests in Oregon and Washington, including neighboring sites to the
study basins, with gap sizes of 40 to 2000 m” (tree height to gap size ratios of 0.2 to 1.0).

The smallest gaps dried out faster during the summer than the largest gaps, with the hlghest
moisture levels in the medium-sized gaps, which had less direct radiation and less vigorous
vegetation than the largest gaps. In late summer (September) volumetric soil moisture
declined to 15% in references, 18% in small gaps, and 22% in each of the first three years
after gap creation (Gray ef a/., 2002). Together, the paired-basin and experimental gap results
indicate that even-aged plantatlons in 8-ha or larger clearcuts are likely to develop summer
streamflow deficits, and these deficits are unlikely to be substantially mitigated by dispersed
thinning or small gap creation.

Relatively high rates of summer evapotranspiration by young (25 to 45-yr-old) Douglas-fir
plantations relative to mature and old-growth forests apparently caused reduced summer
streamflow in treated basins. Young Douglas-fir trees (in AND 1) had higher sapflow per
unit sapwood area and greater sapwood arca compared to old Douglas-fir trees (in AND 2)
(Moore ef al, (2004). In summer, young Douglas-fir trees have higher rates of transpiration
(sapflow) compared to old Douglas-fir trees, because their fast growth requires high sapwood
arca, and because their needles appear to exercise less stomatal control when vapor pressure
deficits are high. Leaf area is concentrated in a relatively narrow height range in the forest
canopy of a forest plantation, whereas leaf area is distributed over a wide range of heights in
a mature or old-growth conifer forest. In summer, these factors appear to contribute to higher
daily transpiration rates under young conifers relative to mature or older conifers, producing
pronounced reductions in streamflow during the afternoons of hot dry days (Bond ef af.,
2002). At sunset, transpiration ceases, and streamflow recovers. Hence, daily iranspiration
produces large diel variations in streamflow in AND 1 (plantation) relative to AND 2
(reference). Other factors, such as differences in tree species composition (Table 2), the
presence of a hyporheic zone, or deciduous trees in the riparian zone of AND 1, may also
contribute to differences in streamflow between these basins (Bond ef al., 2002; Moore ef al..
2004; Wondzel] et al., 2007).

Reduced summer streamflow has potentially significant effects on aquatic ecosystems.
Summer streamflow deficits in headwater basins may be particularly detrimental to
anadromous fish inchuding steelhead and saimon, by limiting habitat, exacerbating stream
temperature warming, and potentially causing large-scale dieoffs (Hicks et of,, 199];
Arismendi ef al., 2012, 2013, Isaak ef af,, 2012). Summer streamflow deficits may also
exacerbate tradeoffs in water use between in-stream flows, irrigation, and municipal water
use.

Reductions in summer streamflow in headwater basins with forest plantations may affect
water yield in much larger basins. Much of the Pacific Northwest forest has experienced
conversion of mature and old-growth forests to Douglas-fir plantations over the past century.
Climate warming and associated loss of snowpack is expected to reduce summer streamflow
in the region (e.g., Littell ef a/., 2010). Declining summer streamflows in the Columbia River
basin may be aftributed to climate change (Chang ef ai., 2012, 2013; Hatcher and Jones,
2013), but these declines may also be the result of cumulative forest change due to plantation
establishment, fire suppression (Perry et al., 2003), and forest succession after wildfire and
insect outbreaks, which kill old trees and promote growth of young forests (e.g., Biederman
et al., 2015).
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Air temperature has warmed slightly in the Pacific Northwest (0.6 to 0.8°C from 1901 to
2012 [Abatzoglou er al., 2014]), but water yields from mature and old-growth forests in
reference basins have not changed over time. In the reference basins used in this study, we
observed small changes in biomass and shifis in species dominance, consistent with changes
expected as part of forest succession in mature and old-growth forests, but we did not observe
large-scale mortality documented by van Mantgem er al. (2009).

This study demonstrates that plantations of native tree species produced summer streamflow
deficits relative to mature and old-growth forest, consistent with prior studies in the US
Pacific Northwest (Jones and Post, 2004) and in mixed-deciduous forests in the eastern US
{Hornbeck e al., 1997). Research is needed to compare these effects to declining water yield
from plantations of fast-growing non-native species in the southern hemisphere (Little ef al.,
2009, 2014; Scott 2005; Farley et al., 2005). Despite summer streamflow deficits, young
forest plantations in the Andrews Forest yield more water in winter, contributing fo increased
flooding (Harr and McCorison, 1979; Jones and Grant, 1996; Beschta et af., 2000; Jones,
2000; Jones and Perkins, 2010).

6. CONCLUSIONS

Paired basin experiments are central to advancing long-term, integrated forest hydrology.
Over the past half-century, many key paired-basin experiments (e.g., at US Forest Service
Experimental Forests and LTER sites such as Coweeta, Hubbard Brook, and Andrews, as
well as others) have evolved into headwater ecosystem studies, with detailed information
about hydrology, climate, vegetation, biogeochemistry, and sediment export. These studies
provide rigorous causal inferences about effects of changing vegetation on streamflow at
successional time scales (multiple decades) of interest in basic ecology, applied forestry and
conservation. They permit researchers to distinguish forest management from climate change
effects on streamflow. Paired-basin experiments are place-based science, integrate multiple
disciplines of science and policy, and can dispel assumptions and conjectures such as
equilibrium, common in hydrological modeling studies.

Long-terin paired-basin studies extending over six decades revealed that canversion of
mature and old-growth conifer forests to plantations of native Douglas-fir produced persistent
summer streamflow deficits of 50% relative to reference basins, in plantations aged 25 to 45
years. This result challenges the widespread assumption of rapid “hydrologic recovery”
following forest disturbance. Widespread transformation of mature and old-growth forests
may contribute to sumnmer water yield declines over large basins and regions around the
world, reducing stream habitals and sharpening conflict over uses of water.

Continued research is needed to examine how forest management influences streamflow
deficits. Comparative studies, process studies, and modeling are needed to examine legacies
of various past and present forestry treatments and effects of native versus non-native free
species on streamflow. In addition, long-term basin studies should be maintained, revived,
and extended to a varicty of forest types and forest ownerships, in order to discriminate
cffects of climate versus forest management on water yield and timing, which will be
increasingly important in the future.
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Table 1: Name and abbreviation, area, elevation range, natural vegetation, streamflow gaging
method and record iength, harvest treatment, logging methods, and treatment dates for basins
used in this study. Sources: Harr ef /., 1979; Rothacher, 1965; Harr ef of., 1982: Rothacher

el al., 1967; Jones and Post, 2004.

Area
Basin (ha)
name
Coyoie 1 69.2
COY 1

Coyote 2 68.4
COY 2

Coyote 3 49.8
COY 3

Coyote 4 48.6
COY 4

Andrews 95.9
1

AND |

Andrews 60.7
o
AND 2

Andrews 101.2
3
AND 3

Andrews 13.0
6
AND 6

Andrews 15.4
"
AND 7

Elevation
range (m)

750-1065

760-1020

730-960

730-930

460-990

530-1070

490-1070

863-1013

908-1097

Natural
vegetation
Mixed
conifer

Mixed
conifer

Mixed
conifer

Mixed
conifer
450-500-
yr—old
Douglas-
fir forest
450-500-
yr—old
Douglas-
fir forest
450-500-
yr—old
Donglas-
fir forest
1306- 450-
year old
Douglas-
fir forest

130- 450-
year old
Douglas-

Streamflow
record length,
instrumentation®

1963-81 v,
2001-present V

1963-81 V;
2001- present V

1963-81 V;
2001- present V

1963-81 V;
2001- present V
1952-present
(1952-present T
[rebuilt 1956];
1999-present SV)
1952-present
(1952-present T;
1999 - present
SV)

1952-2005 T;
1999 -present SV

1964-present;
(1964 — 1997 H;
1997-present T,
1998 present SV)

1964-1987,
1995-present
(1964 - 1997 H;

Treatment,
date®

Roads 1970,
50% over-
story selective
cut, 1971
Permanent
roads 1970;
30% 2 1o 3-ha
patch cuts,
1971

Permanent
roads 1970;
100%;
clearcut 1971

Reference

100% clearcut
1962-1966

Reference

Roads 1959,
30% patch-
cut 1962

Roads; 100%
clearcut
1974,
broadcast
burn 1975

Roads 1974,
60%
shelterwood

Logging
Method

Traclor
yarded

16% high-
lead

cable
yarded;
14%
tractor
yarded.
77% high-
lead

cable
varded;
23%
tractor
yarded.
N/A

100%
skyline
yarded

N/A

30% high-
lead

cable
yarded
90% high-
lead

cable
varded,
10%
tractor
varded
40%
skyline
varded;
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fir forest 1997- present T;  cut 1974; 60%

1998 - present remaining tractor
5V) oversfory cut  yarded.
1984;
broadcast
burn lower
balf of WS
1975; 12%
basal area thin
2001
Andrews 214 955-1190 130-450-  1964-present Reference N/A
8 year old (1964 —1987 I;
AND 8 Douglas- 1987 present T;
fir forest 1973 - 1979 SV,
1997 - present
SV)
Andrews 9 425-700  130- 456-  1969-present Reference N/A
9 year old (1969 -1973 H;
AND9 Douglas- 1973 present T;
fir forest 1973 - 1979 8V,
1997 present SV)
Andrews 10 425-900 130- 450-  1969-present 100% clear- 100%
10 year old (1969 -1973 H; cut 1975, no  high-lead
AND 10 Douglas- 1973 present T; burn cable
fir forest 1973 - 1979 SV, yarded
1997 - present
SV)

a Broadcast burns were controlled burns over the cut area intended to consume logging

debris,

b H: H-flume; T: trapezoidal flume; V: v-notch weir or plate. Summer V-netch weirs have
been used for improved discharge measurements over the following periods: since 1999 at
Andrews 1, 2, and 3; since 1928 at Andrews 6, 7, and 8; and from 1969 10 1973 and since

1997 at Andrews 9 and 10,
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Table 2. Vegetation characteristics of the study basins, sampled over (he period 1981 to 2011, Basal area is mean + standard deviatien. PSME
= Pseudotsuga menziesii {Dovglas-fir}, TSHE = Tsuga heterophvila {western hemlock), THPL = Thuja plicata (westemn red cedar), ABCO =
Abies concalor (white fir), CADE = Calocedius decurrens (California incense cedar), PILA = Pinus lambertiana (sugar pine).

Basul arca Stem density
{m“/ha) As % (stems/ha)
Plot
Nof size
Watershed  plots  (m”)  Year  Age All PSME TSHE THPL ABCO CADE PILA Other Al PSME
Treated patches
AND 1 132 250 2007 40 3314 g5 3 1 0 0 o 11 1454 519
AND 3 61 250 2007 43 35%12 8 I 2 0 ¢ ¢ 71857 621
AND 6 22 250 2008 34 35449 FY T 9 0 o o 3107 6%
AND 7 24 256 2008 24 Z3&1D 70 v 4 0 o 0 17 %00 551
AND 10 36 150 2000 35 27:12 81 4 2 0 o 9 13 891 437
covi® 0 T agp 3s200° 66 56 5 g i7 12 5 50002 |94
coy 2* d 150 2006 35 3112 82 4] Q i} 13 0 5 1733 1150
coy o 4150 2006 35 4513 80 ¢ 0 0 10 0 1001533 1083
Reference
AND 2 67 250 1981 (564755 evaze 0 4 2 0 9 0 4 % &
&7 250 2006 |75-5UUd 72+ 29 65 X9 2 0 ¢ 0 4 438 87
AND & 1000 2003 175-500° 56424 64 26 9 0 0 0 358 144
21000 2009 175500° 89424 64 26 9 o 0 o 2 565 139
AND o 16 1000 2003 175-500°  84x25 42 0 0 0 0 4 B0 434
6 1000 2008 1755007 85+25 92 5 0 0 0 0 3 B0z 417
coy2® -7 T o0i1 1503508 g0 61 o 0 i 1711 toss 7
covda T LT 2on is03sf es 55 5 0 iR T 5 6 975 183
-- Not available.

a Other (at Coyote Creek) includes Arbuiis menziesii (madrone), Pinus porderosa (pondercsa pine), snd Favus brevifolia (Pacific yew). Other {at the
Andrews Forest) includes Aeer macrophyflum (bigleaf maple), Castanapsis chrysophylia (giant chinquapin), and Prunus emarginata (bitter cherry).
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b 2011 stand exam data for matrix (not forest plamations} from Anderson ¢f al., 2013.

¢ Source: Arthuor, 20607,

d Multi-age stand with mixed-severity fire history.

e Coyoic | was sampled in 2006 (Arthur, 2007) and 2011 (Anderson et ai., 2013).

fData from a forestry stand examination, not from plots, end no standard error is provided.

2 Sourge: Rothacher, 1968
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Figure 1. Location of study basins in western Oregon.
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Figure 2. Size class distributions of Douglas-fir (Pseudotsuga menziesii, PSME} in
plantations and reference basins in the Andrews Forest. (a) reference basins used in this
study: AND 2 (2006), AND 8 (2009). (b) basins with young Douglas-fir plantations; AND 1
(aged 40 yrs, 2007), AND 3 (clearcut patches, aged 43 yrs, 2007), AND 6 (aged 34 yrs,
2008), AND 7 (aged 34 yrs, 2008), AND 10 (aged 35 yrs, 2010).
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Figure 3. Basal area as a function of time since treatment

. Values are means =+ standard error
from nmumbers of plots shown in Table 2. The diagonal thick grey dashed lines are the basal
area reported from control (unthinned) plots (upper line), heavily thinned plots (lower line)
and lightly thinned plots (middle line) in the Hoskins levels-of-growing-stock (LOGS)
installation (site II) {Marshall and Curtis 2002). The diagonal thin grey
dashed line indicates average annual basal area for Douglas-fir plantations on relatively high
site productivity Jocations affected by various levels of infection from Swiss needle cast in
the Oregon Coast Range (Maguire ef al., 2002). The diagonal thin grey dotied line indicates
basal areas for experimental Douglas-fir plantations at low sie productivity locations (site V)
at Wind River (100 km N of the Andrews Forest, at a similar elevation to the experimental
basins} (Harrington and Reukema 1983). The vertical grey dotted line is estimated Douglas-
Fir basal area from growth and yield models for 45-yr-old stands (Marshall and Turnblom
2005). The vertical grey dashed line is range of basal areas in stands of Douglas-fir, western
hemlock, and mixtures {Amoroso and Turnblom 2006).
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Figure 4, Water balance of mean daily values of precipitation (P), streamflow (Q}, ET, snow
water equivalent (N}, and soil water storage (5) in AND 2, based on data from 1953 to 2003
water years, where § =P — Q —ET - AN. Daily ET was estimated from the response of AND
1/2 to clearcutting calculated by Jones and Post {2004) and from summer sapflow measured
in AND 2 by Moore ¢t al., (2004). Snow water equivalent was based on average modeied
daily values from Perkins and Jones (2008}.
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Figure 5. Streamflow change for period of record to 1996, by day of water year (October to
September) for three reference basins: (a) AND 9 — 400-700 m; (b) AND 2 — 500-1000 m;
and (c) AND 8 — 800-1100 m. The green line is the trend in streamflow (positive or
negative) on that day of the year, relative to the long-term mean streamflow on that day
(indicated as zero). Black lines are the 95% confidence interval around the trend. Blue
arrows indicate days of declining streamflow, and dark blue lines are days of significant
declines in streamflow; declines are significant only at AND 2. Shaded boxes show the
period of snowmeit from Perkins and Jones (2008). K. Moore, unpubiished data.

This article is protected by copyright. All rights reserved.

P83



[ &
=
(=3
—

&) E
£ 150 1
®
£ \ i
= | i —— Jul-Sup, AND 137
2 s A L Jul-Sep, AND 674
E- W ol Jul-Sep, AND 724
E ¢ e, Jul-Sep. AND 1072
s 4 - .
= S g e =—JlSep, COY ¥4
5 -50 W P
-lua

1960 1965 1970 1975 1980 iSRS 1990 199%  IpOO 2005 M0 2018

n
3

{b]

=
=
= o

1ug
= Jul-Sep, AND 112

Jui-Scp. AND 673
Jul-Sep, AND 713

% difference, treatad minus control
-
=

] - Y Ak U A X i
e :;4 -\? },. \ . Jul-Sep, AND 10
h o "y — —=Jul-Scp. {OY /4
= R
100
-5 0 5 1o 15 2w 2 I 3 i 45 50

Yoar eeletive 1 trestment

Figure 6 Trends in average daily streamflow (July through September) in basins with forest
plantations as a percent of streamflow in the reference basin, for five basin pairs with 100%
clearcut basins. (a) by year. (b) by time since treatment. Basin pair names include
treated/reference. Percents are 3-year running means. Grey box is the mean = the standard
error of the treated-reference basin relationship from July to September during the pre-
treatment period.
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Figure 7. Percent change in streamflow by day of water year in five-year periods after forest
harvest and plantation establishment for eight pairs of basins. (a) AND 1 (100% clearcut
1962-66) vs. AND 2 (reference), (b) AND 6 (100% clearcut 1974) vs. AND 8 (reference), (c)
AND 7 (50% cut 1974, remainder cut 1984) vs. AND 8 (reference), (d) AND 10 (100%
clearcut 1975) vs. AND 2 (reference), (e) COY 3 (100% clearcut 1970) vs. COY 4
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{reference}, (f) COY 1 (50% cut 1970) vs. COY 4 (reference), (g) AND 3 (25% patch cut
1963) vs. AND 2 (reference), (h) COY 2 (30% patch cut 1970) vs. COY 4 {reference). Black
lines represent the mean and standard error of the percent difference between the treated and
reference basins during the pre-treatment period. Dashed grey line is a 50% decline in
streamflow at the treated basin relative to its relationship to the reference basin during the
pre-treatment period.
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Figure 8. Difference in number of days in the 1st and 5th (AND 10/2) flow percentiles from
1995 to 2005, in basins with 25 to 40-yr-old plantations relative to reference (old-growth)
basins. A value of zero on the Y-axis indicates that the basin with forest plantation had the
same number of days in the low flow percentile as the reference basin; a value of 80 indicates
that the basin with forest plantation had 80 more days in the low flow percentile than the
reference basin. Negative slopes of regression lines indicate that the duration of low
streamflow increased in drier summers in the forest plantation, relative 1o the reference basin.
The 5th percentile was used for AND 10/2 because only a few years had >0 days in the 1%
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Councifior Llewellyn (verbal report)

] was at the Health Network meeting this week in Campbell River and we
had a really nice presentation from a fellow that started an initiative 1o
get kids out playing. At this point we don't have that problem here as
they kids don't have cell service or great internet access so they tend to
be what they call more "free range” kids. There was a new buzz word
called “physical literacy”. This was the first time | heard this idea or was
aware of it. He was talking about maybe communities like this and Gold
River haven't gotten into the cell phones and computers but we need to
get a head of it before that stuff comes here to get them thinking that yes
that is a nice alternative but this is more fun.

I was also at the meeting here for the rural health sites visit and was very
impressed with the number of people that turned out. They were really
impressed with the number of people that came out. \We are very
active, involved community.

Fowler/Llewellyn: VOT 351/2019
THAT these Council reports be received. CARRIED

Bylaws
None.

L. Correspondence

Ted Olynyk, Community Relations Manager, BC Hydro Re: 2019 UBCM
Convention

Rosemary Bonanno, Executive Director, Vancouver Island Regional
Library Board Re: Proposed Tahsis Branch

Hon. Claire Trevena, MLA, North Island Re: BC Hydro future rate designs

MP Rachel Blaney- Letter and report to Minister Wilkinson

Ministry of Citizens' Services, Information Access Operations Re:
Request for Access to Records - Freedom of Information and Protection
of Privacy Act {(FOIPPA)

Pas



Fowler/Ltewellyn: VOT 352/2019
THAT these correspondence items received. CARRIED

Fowler/Elder: VOT 353/2019
THAT all item 2,3,4 and 5 be pulled for discussion. CARRIED

Brief discussion

Fowler/Liewellyn: VOT 354/2019

THAT Council consider Tahsis branch location options, prepared by staff, CARRIED 1

as part of the 2020-2024 financial plan work up. "ne" vote registered
Councillor Elder

L3

L

Council was encouraged to login and individually complete the survey at
https://www/bcuc.com

Rrief discussion followed.

The CAO spoke to this correspondence item.

M. New Business
None.

N. Public Input #2
A member of the public had questions regarding salmon fishing closures
to which the Mavyor, Council and Staff responded.

Recess
Fowler/Elder: VOT 355/2019

THAT the Regular Council meeting recess to go in to the Committee of the
Whole meeting at 8:30 p.m.

Reconvene;
Fowler/Elder: VOT 356/2019

THAT the Regular Council meeting reconvene at 9:46 p.m.
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Rise and Report
july 2nd Committee of the Whole Meeting Fowler: COW 61/2019

THAT the Tahsis Delegation apply to meet with Ministers: Daonaldson,
Trevena, Heyman, Popham, Dix ({subject to clarifying nurse salary
discrepancies), and Anne Kang, Parliamentary Secretary for Seniors and
that the Delegation also seek meetings with Telus, BC Hydro and the BC
Wildfire Service and EMBC (joint meeting) at the 2019 UBCM Convention.

Adjournment
Llewellyn/Fowler: YOT 357/2012
THAT the meeting be adjourned at 9:46p.m. CARRIED

Certified Correct this
6th Day of August 2019,

Chief Administrative Officer
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Minutes Vitlage of Tahsis
Meeting Committee of the Whole
Date Tuesday luly 2, 2019
Time 8:38 p.m.
Piace Municipal Hall - Council Chambers
Present Mayor Martin Davis
Councillor Bill Eider
Councillor Sarah Fowler
Councillor Lynda Llewellyn
Regrets Councillor Josh Lambert
Staff Mark Tatchell, Chief Administrative Officer
Pubtic no public in attendance
Call to Order
Mayor Davis called the meeting to order at 8:38 p.m.
Mayor Davis acknowledged and respected that Council is meeting upon
Mowachaht/ Muchalaht territory
Introductien

of Late ltems

Business
Arising

None.

Approval of the Agenda

Llewellyn : COW 59/19

THAT the Agenda for the July 2, 2012 Committee of the Whole meeting be

adopted as presented.

UBCM Planning - Cabinet Minister and other meeting requests and

respective topies

Liewellyn : COW 60/19
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THAT this information package be received. CARRIED

Council discussed which Cabinet Ministers to seek meetings with at the
2(319 UBCM convention, the topics to be presented as well as other
organizations to meet with.

Fowler : COW 61/19

THAT the Tahsis Delegation apply to meet with Ministers: Donaldson,
Trevena, Heyman, Popham, Dix {subject to clarifying nurse salary
discrepancies), and Anne Kang, Parliamentary Secretary for Seniors and
that the Delegation also seek meetings wth Tetus, BC Hydro and the BC
wildfire Service and EMBC {joint meeting) at the 2019 UBCM Convention.

CARRIED
Llewellyn : COW 62/19
THAT Council Rise and Repart on the UBCM meeting decisions.

CARRIED
Adiournment
Fowler: COW 63/19
THAT the meeting be adjourned at 9:45 p.m. CARRIED

Certified correct this
6th Day of August, 2019

Corporate Officer
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Minutes Village of Tahsis
Meeting Committee of the Whole
Date Thursday July 4, 2019
Time 1:09 p.m.
Place Municipal Hall - Council Chambers
Present Mayor Martin Davis
Councillor Bill Elder
Councillor Sarah Fowler
Councillor Lynda Liewellyn
Regrets Councillor Josh Lambert
Staff Mark Tatchell, Chief Administrative Officer
Guests Mike Davis, RPF, Tenures Forester, WFP
Paul Kutz, RPF, Senior Operations Planner, WFP
Kindry Mercer, RPF, Manager, Regicnal Initiatives, WFP
Dan McAllister, M.Sc., P. Ag., Director and Soil Scientist,
Ecologic Consultants
1 member of the pubilic, plus two Ministry of Forests, Lands, Natural
Resource Operations and Rural Development staff and two other staff
Public from Ecologic Consultants.

introduction
of Late Items

Call to Order

tayor Davis called the meeting to order at 1:09 p.m.

Mavor Davis acknowledged and respected that Council is meeting upon
Mowachaht/ Muchalaht territory

Letter of Support for Campbell River Supportive Housing Project under
"New Business"

Approval of the Agenda

Fowler : COW 68/19
THAT the Agenda for the July 4, 2019 Committee of the Whole meeting be
adopted as amended. CARRIED
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Business
Arising

New Business

TFL 19 Draft Timber Supply Analysis Information Package

Using the Powerpoint deck attached, Mike Davis briefed Council on the TFL
19 Management Plan, the Timber Supply Review process, key aspects of
TFL 15 including McKelvie Community Watershed, and the next steps in
the TSR process.

Council, staff, other guests and the public participated in a question and
answer session with Mike Davis and other WFP staff.

Fowler : COW 69/19

THAT this information package be received. CARRIED

Letter of Support prepared by the Community Health Network {SRD) for
Campbell River Supportive Housing Project

Fowler : COW 70/19
THAT this draft letter of support be received CARRIED

Fowler: COW 71/19

THAT the Village write a letter in support of the Campbell River Supportive

Housing Project and send it to the Comm unity Health Network by Tuesday CARRIED
July 9th,

Adjournment
Fowler : COW 72/19
THAT the meeting be adjourned at 3:33 p.m. CARRIED

Certified correct this
6th Day of August, 2019

Corporate Officer
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| " VILLAGE OF TAHSIS

policy i | Code of conduet ____ ] Policy . (2035
‘*,‘_Effgcyi_\{gDate AUE_[J_SEG_,_%D&Q - ;SUPETSEdES . Policy N/A
Approval Council i Resolution Number XXX/2019 .
Review Date August 6, 2023 | T i ——

Section 1 - PURPOSE

As local elected representatives we recognize that responsible conduct is essential to providing good
governance for the Village of Tahsis.

We further recognize that responsible conduct is based on the foundational principles of integrity,
accountability, respect, impartiality, inclusion, leadership and collaboration and transparency.

In order to fulfill our obligations and discharge our duties, we are required to conduct ourselves to the
highest ethical standards by being an active participant In ensuring that these foundational principles
and the standards of conduct set out below, are followed in all of our dealings with every person,
including those with other members, staff and the public.

Respectful dialogue fosters effective communication. The Code aims to establish clear boundaries for
comrunication without stifling debate. By implementing the Code, Council will build a safe space for
honest, authentic, brave, passionate, and respectful dialogue.

Section 2 - DEFINITIONS

“Accountability” means an obligation and willingness to accept responsibility or to
account for one’s actions. Conduct under this principle is demonstrated
when Council, individually and collectively, accepts responsibility for
actions and decisions.

“Impartiality” means when making decisions relying on objective criteria rather than
on the basis on bias, prejudice or preferring one person’s views over
another for improper reasons.

“Inclusion” means that Council will have regard to those with disadvantages to
ensure that they have seamless access to enjoy the same programs and
services as all others.
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“Integrity”

“i eadership and Collaboration”

“Respect”

“Transparency”

“Village of Tahsis”

Section 3 — Scope of Policy

means being honest and demonstrating strong ethical principles.
Conduct under this principle upholds public interest, is truthful and
honourable.

means an ability to lead, listen to, and positively influence others; it also
means coming together to create or meet a commaon goal through
collective efforts. Conduct under this principle is demonstrated when a
Council member encourages individuals to work together in pursuit of
collective objectives by leading, listening to, and positively influencing
others.

means having due regard for others’ perspectives, wishes and rights; it
also means displaying deference to the offices of local government, and
the role of local government in community decision making. Conduct
under this principle is demonstrated when a member fosters an
environment of trust by demonstrating due regard for the perspectives,
wishes and rights of others and an understanding of the role of the local
government

means a commitment to conducting Council business in open meetings,
unless prohibited by statute, sharing information with the public and
having an “open door” palicy.

means the Corporation of the Village of Tahsis

31 The policy applies to all members of Council and the CAQ. It is each member’s individual
responsibility to uphold the tetter and the spirit of this Code of Conduct in their dealings with
other members, staff and the public,

3.2 Elected officials must conduct themselves in accordance with the law. This Code of Conduct is
intended to be developed, interpreted and applied by members in a manner that is consistent
with all applicable Federal and Provincial Laws, as well as the bylaws and policies of the local
government, the common faw and any other legal obligations which apply to members
individually or as a collective Council.
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section 4 — Standards of Conduct
Members of Council and the CAD will exhibit the values of:

s Accountability

s |mpartiality

e Inclusion

s Integrity

s Leadership and Collaboration
e Respect

»  Transparency

as defined above in fulfilling their duties and abligations as elected officials and staff.

Section 5 — General Conduct
h.1 Councll members must adhere to the values, principles and provisions of the Code of Conduct.

5.2 Council members must act lawfully and within the authorities of the Community Charter, the
Local Government Act and any other applicable statutes and regulations.

5.3 Council members have an obligation to consider issues and exercise powers, duties and
functions in a manner that aveids arbitrary and unreasonable decisions.

5.4 Council members must avoid behavior that could contravene:
» this policy;
e the BC Human Rights Code; and
« Village bytaws and policies, including the Respectful Workplace and Prevention of
Harassment, Bullying and Discrimination

55 Council members must treat one another, staff and the public with dignity and respect. They
must also refrain from behavior that is an abuse of power or otherwise amounts to
discrimination, harassment, personai threats, intimidating or demeaning behavior or verbal
attacks upon the character, professionalism or motives of others.

5.6 Council members shall not:

e undermine other members of Council or Council as a whole by making critical,
denigrating or derogatory comments about the views, decisions, positions, expressed or
approved by Council;

» engage in physical altercations with any person;
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» defame, libel or slander a member of Council, staff or the public;

» utter or otherwise make threats of violence aimed at a member of Council, staff or the
public; and/or

e utter or otherwise make racist, sexist or homophohic rema rks

5.7 Contraventions of the General Conduct rules, as set out this section, may result in sanctions
being imposed by Council.

Section 6 — Conduct of Meetings

6.1 Council members shall prepare themseives for meetings by reading all materials, and during the
meeting listen courteously to all discussions and focus on the business at hand. Council
members should refrain from interrupting other speakers while not unnaturally constraining
dialogue.

6.2 Council members are encouraged to be courageous in bringing forward ideas and in debate
while being mindful of the impact of their language on others,

6.3 Council members shall further the public interest by keeping an open mind, acting on the best
information and being transparent in decision making.

6.4 Council members shall not engage in:
¢ side conversations
e eyerolling
s disrespect of the Chair
o foul language
o verbal condemnation of other members of Council
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VILLAGE OF TAHSIS

To: Mayor and Council

From: John Manson, PEng

Date: July 31, 2019

BE Tahsis Municipal Wharf I o -
PURPOSE OF REPORT:

To advise Council with respect to the current condition of the Municipal Wharf, and to request
Council input on the location of the proposed SAR/Coast Guard wharf, presently proposed to
be located south of the Municipal Wharf within Village waterfront lease.

BACKGROUND:

The Village currently owns a wharf facility at the foot of Wharf Street, near the proposed search
and rescue facility. This wharf, which consists of a gangway originally designed for vehicle
traffic, along with a storage shed, an electrical service panel, HIAB crane, gangway and float,
sufficient to accommodate approximately 60 meters of temporary moorage. The wharf was
built by Fisheries and Oceans in 1965, five years prior to municipal incorporation. Since its
early days wharf use has evolved from commercial and industrial to today’s use which is
primarily public sector with some minimal commercial. The wharf is now used mostly by
federal agencies: including the Department of Fisheries and Oceans (Fisheries Officers),
Canadian Coast Guard, Canadian Navy and the RCMP, In 2003 the federal government
transferred ownership of the wharf, to the Village as part of a federal government cost saving
measure. The transfer included a onetime Jump sum payment for ongoing maintenance.

Since the transfer of ownership, the Village has undertaken routine maintenance of the facility,
which consists of concrete decking overlain a creosote timber pile and stringer type structure.
The shed is currently being used to store equipment for the Tahsis Salmon Enhancement
Society and the Tahsis Lions Club.

While the facility has held up well over the years, it is structurally nearing the end of its
lifetime. This is evidenced by the recent inspection report that the Village commissioned by
McElhanney Engineering (See Appendix “A*), This report included inspection of the top sides,
deck panels, stringers, pile caps, piles, cross bracing on both the Approach Trestle and the
Wharf head itself.

While the topside and deck panels have seme qife’ left in them (8- 10 years), but many of the
piles and pile caps are nearing the end of their lifetime (0-2 years). The report provides an
cstimate for the replacement of Piles, Pile Caps, Stringers, and replacement with a timber deck

1|Page
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instead of the concrete deck., The estimate includes both Phase One and Phase Two repairs
(red and blue areas on the sketch below).
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The cost for the entire deck repair is approximately $920,000. Should the repair only cover
phase one (area in pink), the cost would be reduced to approximately $700,000. These costs
do not include any costs for the ramp and float.

The recent structural condition survey completed by McElhanney Engineering Services has
confirmed that some critical components of the existing Municipal Wharf have reached the end
of their expected lifetime, and as such, the approach ramp is no longer capable of handling the
vehicle design loads for which it was originally designed. At the recommendation of the
Engineer, signs will be placed on the structure limiting use to pedestrian use only, maximurn

500 Ibs. live loading.

The cost to repair the Municipal Wharf is estimated in the range of $700,000-$920,000,
depending on the scope of the upgrade (Phase One only, or both Phase One and Phase Two
upgrading). The cost to demolish the structure is approximately $80,000.

The Viltage has little, if any funds available to upgrade, or even maintain this structure. There
is no funding or fee collection mechanism in place at this time to recover the ongoing cost of
the wharf. The principal users of the wharf include RCMP, Coast Guard, Fisheries and
Oceans, Navy, and a small amount of commercial traffic, In terms of commercial traffic, the
value of the wharf is likely more to do with future economic development opportunities, rather
than its current commercial usage.

FISHERIES AND OCEANS — COAST GUARD SEARCH AND RESCUE PROJECT:

Fisheries and Oceans Canada is in the process of building a new Coast Guard Search and
Rescue facility in the Village. The facility consists of a new building to be located near the
intersection of South Maquinna Drive and Tootouch Place (the former parking lot}, as well as a

2|Page
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new wharf built to accommodate either & Bay or Cape Class vessel and a rigid hull inflatable
boat (RHIB) vessel.

Construction has commenced on the building, and design options are currently being
developed for the wharf facility.

On April 3, 2019, Moffatt and Nichol provided Fisheries and Oceans/Coast Guard with a report
on alternatives with respect 1o 4 new SAR Float Facility, which included an option to locate the
new float by replacing the float at the existing wharf {See Appendix “B” and “C).

The report estimated the cost of a new fleat and gangway at approximately $930,000 for
Option 1 (Existing Wharf Option). Due to the extra costs associated with the existing wharf,
Fisheries and Oceans then focused their work on an alternative location south of the existing
wharf using the existing timber trestle approach (the “Airline” Dock), and a further option using
a new land access {Appendix “D” and “E” respectively). The cost for a new float on the existing
trestle (Appendix “D”) is $020,000, and a stand-alone facility with a new land access point
{Appendix “E”) is $850,000. The “stand alone facility” option shown in Appendix “E” has
recently (July 30) been modified to the alignment shown in Appendix “F”, which moves the
landfall of the approach trestle to line up with Village Owned land. In the Juiy 30 telephone
conference call between Village staff and the Coast Guard design teamn, it appeared that the
team was favouring the option shown in Appendix “F”. The Village was requested to provide
comments on the alternatives developed so far. This is relevant to the discussion of the
Municipal Wharf, as one of the options they have developed uses this Wharf.

Without a basis of sustainable funding going forward, the only option available to the Village
would be to demolish the wharf.

If the Village wished to continue to own and manage the wharf, a long term sustainable
funding model needs to be developed. This could inctude options such as the creation of a
Harbours Board, which has the statutory ability to levy fees and rents. Alternatively, direct
agreements or leases could be sought from the principle users of the facility. This latter option
would likely make more sense for the Village, as the administrative costs would be greatly
simplified based on the few users of the facility.

COAST GUARD PROJECT — INPUT FROM THE VILLAGE:

As discussed, the Coast Guard team is secking input from the Village with respect to the
potential siting of a new wharf to service the SAR facility. The most favoured option presented
to Village staff by the Coast Guard team at the July 30 meeiing appeared to be the layout
shown in Appendix “RF* which is a new stand-alone trestle and wharf, with a new trestle land
access point.

Siaff provided our initial comments on the plan, as follows:

« The team should review the legal implications of the location of the landing point of
the proposed trestle to ensure that there are no upland owner consent issues;
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« The trestle landing location may be conflicting with an existing road boulevard
which is used for parking on a regular basis.

» Staff are recommending that a better location for the new wharf would be the
location originally investigated — the Municipal Wharf., The landing location is
better, electrical service is available, and there is less coniflict with other activities
within the Village lease tenure,

¢ In earlier discussions with Coast Guard about using the existing Municipal wharf
facility, there were concerns about federal expenditures on “private” facilities. We
requested that the team further review the possibility of assisting with the
upgrading cost, as the Village does not have funding mechanism for this work, and
no grants are available for wharf upgrades. We suggested this could alternatively
solved by selling the wharf back to the Federal Government for $1, as they are
principle users of the facility.

Staff believe that the best solution to meet the needs of the new SAR Coasl Guard facility, and
other federal users, would be to pursue the upgrading of the Municipal Wharf using funds
available from the SAR project, and either arranging suitable lease agreements with the federal
users of the facility to enable long term maintenance funding, or alternatively, to give the
facility back to the federal government so that future maintenance costs would not be borne by
the Village.

FINARCIAL IMPLICATIONS!:

Facilities such as the Municipal Wharf should be sustainably funded through either a user pay
system, or equivalent funding stream. If this is not possible, and the Village is unable 1o fund
the upkeep of the facility through the general tax base, the Village should consider demeclition
due to safety and liability issues and lack of facility maintenance funding.

RECOMMENDATION:

Canada Coast Guard is seeking inpui from the Village with respect Lo the siting of the new SAR
wharf facility. Tt is recornmended that Council consider the following resclutions:

1. That the Village support the new SAR/Coast Guard wharf facility being placed at the
location of the current Municipal Wharf, gererally in accordance with Drawing SK-02,
either by the use of lease agreements, or alternatively by transferring the ownership of
the wharf back to the Federal Government or suitable respective agency;

2. That the SAR/Coast Guard project, or alternatively the various federal agencies that
use the Municipal Wharf be requested to fund the upgrading costs identified in the
2019 McElhanney Condition Assessment Report, Revision 0.
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3. That the Village not support the alternate wharf location’s being proposed further gouth

at this time.

Respectfully submiited:

John Manson, PEng
Project Managet
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Appendix “A”

.

49140_village of
Tahsis_Municipal Whe

httyz,; villaveofiahsis.com. wi-content; uyloads,; 2019, 07749 140_Village-of-Tahsis. Municipal-
Wharf-Inspection Rev0, pdf
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Appendix “D”

Eaiie
vl

T,

.

0000

g

AREA

Toar TG ron i 1 Bt

GaAmgELy PR LRy
.

Yhamer o

e LA tE T £
- T L)
O TEE WA A

e MDA E ANV TRR R 3
it WTT 2 4

pOTES

O DAARLY Y Kb

AR - .
DARET 01 477 P 15Tuk 2
DO VETIGT VAPIS, I
DANT G A T 1T
PLICAS, LSRDPATL BT I
W LIS

LR ATHAS 2y 7L dar L T
D10 DUAMOLL T C AT 1
Sl D WSTRIL AT 1 R TETE.
Fry

3 ‘s ’,

m

fE——— L
PREL [MINARY

DT %0 BE UATD FOR DORSTRACTIONS.,

P114

9|Prage



AL

Appendix “E”

Pt
TS IR AT

1 puinresy
Ctipy

LewsifLBL MLRTS Ly
[T
EERCLRE tafiot e fi i f
e MLILE 1L
[ LT AT
Do HTH S CSATE A F T, b
[AHDIES L Tinge weabd oo, 31
SEE CENGUT NN

NOTES

| RARL DRAATEL & B VDU

Wt

ey £ s B
oA HDR

ORTRICT LOT 452 FLAh ITIE
WOOIRADIEIAC ] TS W
e

i

]

PEATONTAL EODRIIATI Y A B
AT

anail

QAR ORTHOA
AL DaL T RAF T ATTALS

P : =
s GLALKE ¥ 2%
FREL 10| MARY

NOT 7O D VLD LR SOrcSTRUCRON

i i

TRIAT, T i P e B oo Fr oA

10 |Page

P115



Appendix “F”
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VILLAGE OF TAHSIS

To: Mayor and Council

From: Director of Recreation

Date: July 11, 2019

Re; Rg&rgatmn Centre 2019 Q2 attendance and Tevenue report
PURPOSE OF REPORT:

To provide Council with Rec Centre attendance and revenue information for fiscal yvear 2018.

BACKGROUND:

On October 17, 2017 Council adopted Fees and Charges Bylaw No 594 which eliminated fees
for persons using the Rec Centre’s swimming pool, gym, weight room and sauna. The Bylaw
adjusted and established other Rec Centre fees,

Council’s decision was made to encourage greater use of the facility in order to improve the
averall health and wellness of Tahsis residents. Council concluded that the social and health
benefits outweighed the relatively small amount of revenue {about $7,000 in 2016) generated

annually in user fees

Number of Pool Users per Month
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Vending per Month
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Programs offered in 2018

Yogalates, Restorative yoga, Aqua fit, swimming lessons, adult and public swim

Program that will be offered in 2019

Restorative yoga, Aqua fit, swimming lessons, adutt and public swim, rock climbing, Zumba

2|Page
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POLICY/ LEGISLATIVE REQUIREMENTS:
Fees and Charges Bylaw No. 594, 2017

FIRANCIAL IMPLICATIONS:
“Year | Revenue | Direct Costs ,Egﬂf ‘ o _‘%aéﬁﬁéifenucs ;

2018 | 15597.73 ] 11454.80 4142.93 | 734% |
2017 13839.34 9437.22 | 440202  168.2% -
| 2016 | 1394256 | 7591.12 | 6351.44 | 54.4%

Prepared by Apprﬁved by

~
Sarah Jepsorv 4 T

Mark Tatchell

Sarah Jepson

3|Page
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W5

Tahsis Age-Friendly
Community Action Plan

Fresentatior fo Council

July B, 2040
|
'HARA & ASSOCIATES

CONSULTING
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Agenda

+» Introductions

inclusive
Age-Friendly
Accessible

» Project Objectives

+ Approach & Methodology

+ Question & Answer

HARA B ASSOCIATES

CONSULTING
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(’Hara & Associates Consulting

» After spending 12 years working alongside consuitants as employees within the
public sector, a clear need was identified to do things differently.

» Our approach is to lead a company that deeply connects with the communities we
are aiming to support in order to provide tailored consulting that supports and
fosters age-friendly, complete communities.

» (’Hara & Associates Consulting inc. is located in Toronto, Ontarie and was founded
in 2018 to provide advice and consultation on how to appropriately serve seniors
through public sector services.

Qur vision: to make Canada one of the best places in the world to age.

Our mission: to provide services that contribute to age-friendly, inclusive and
complete communities.

ARA & ASSOCIATES

CONSULTING
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O’Hara & Associates Consulting

Aislin O'Hara

Certified Professional
Consultant on Aging

.H’ARA & ASSOCIATES

CONSULTING

>

Over 12 years experience in designing & leading public
programs and services for seniors and persons with disabilit

Former Customer Experience Lead for Toronto Transit
Commission paratransit services, Wheel-Trans. Developed &
implemented various initiatives for older adults with
disabilities.

Researched, authored & implemented over 21 age-friendly
policies

Co-authored City of Toronto Seniors Strategy including
drafting recommendations that are actionable and realistic to
improve the quatity of life for seniors and contribute to an
age-friendly community.

Project Advisor for Toronto HomeShare which is an

intergenerational program that matches older adults who
have spare bedrooms with students in need of affordable
housing.
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O’Hara & Associates Consulting

Mitchell Underhay

Technical Lead

>'HARA & ASSOCIATES

CONSULTING

Bachelor of Community Design, Honours in Environmental
Planning

Developed Project Manager and experience leading projects for
seniors and older adults

Experience in consulting, designing and implementing
strategies that are age-friendly, accesible and inclusive

Senior Community Liaison Officer for Toronto Transit
Commission delivering extensive public consultation &
stakeholder engagement

Development Manager for Wind Energy Projects in Nova Scotia
& Maine, leading community oriented wind projects

Extensive background in GIS asset mapping using multipte
criteria for geographic analysis
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Project Objectives

“Ensure the Village is positioned through its plans, policies and programs to support
and sustain active, social and independent lifestyles for its mature adults and seniors.”

» Evaluate the current state of age-friendliness

Actively engage the Tahsis community
» Articulate the needs of mature adults and seniors living in the Village
» Identify gaps in programs and services to inform future strategies

» Develop realistic, achievable community action plan that improves quality of life
for seniors in Tahsis now and in the future.

HA & ASSQCIATES

CONSULTING
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Froject Approach

Phase 1 “Discovery”

1. Develop a rich understanding of the current state

2. Engage the community & give voice to their needs & priorities

I Task 1 Inventory List
Categorizes and ranks the availability of all community assets for older adults
»  Task 2 Community Surveys

Identifies the needs & priorities for seniors in Tahsis as well as risk/social
isolation assessment

» Task 3 World Café

Facilitated public meeting to solicit feedback from all community members

ARA & ASSOCIATES

CONSULTING
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World Cafe(s)
» Roundtable focus groups with 5-7 people per table
3 key discovery questions (1 per table)
»  What is working well for seniors in Tahsis?
»  What is not working well for seniors?
» How can Tahsis improve life for seniors?
+ 20 minute discussion
> co-facilitator writes responses on sticky notes and posts on chart paper
» 15 minute presentation of key ideas (5 minutes per table)
10 minute individual questions
» What short-term improvements coutd we make now?
» What long-term improvements do we need to plan for?
-- Refreshment Break --
+ 30 minutes to identify priorities and collect additional ideas
+ Using DOT stickers, participants will prioritize the sticky notes
= Participants can add ideas to chart paper

-

* 5 minute wrap up SHARA & ASSOCIATES

CONSULTING
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Project Approach

Phase Z “Analysis”

1. Synthesize all data from phase 1
2. Analyze for key themes and opportunities

» Task 4 Analysis of Phase 1 data
Inventory list, surveys, world café data
Task 5 Asset Map
Visual representation of all services/resources as well as the type/availability

» Task 6 Policy Review
Apply an age-friendly lens to all policy/planning & strategy documents

RA & ASSOCIATES

CONSULTING
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Project Approach

Phase 3 “Recommendations & Deliverv”

1. Summary of all key findings
2. Community action plan with recommendations & implementation strategies

» Task 7 Community Action Plan Report

Tasks 1-6 will culminate in a final community action plan report inctuding the
identified needs for seniors and recommendations on how to best meet those
needs over the longer-term

~ Task 8 Presentation to Village of Tahsis

Specific recommendations & implementation strategies will be presented to
Tahsis Council for consideration & incorporation inte Village plans, policies and
programs

RA & ASSOCIATES

CONSULTING
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where are we now?

Task 1 lnvenipory

Phase 1 Phase 2

P —— .
e S -

July 8, 2019
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Thank you!

Aislin O’Hara Mitch Underhay

Project Manager Technical i.ead
416-721-1972 647-472-2020
sslin@oharaconsult.com mitch@oharaconsult.com

RA & ASSOCIATES

CONSULTING
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VILLAGE OF TAHSIS

To: Mayor and Council

From: John Manson, Project Engineer

Date: August 6, 2019

Re: Roads Project Update s
PURPOSE OF REPORT:

For Information.
BACKGROUND:

In February of 2018, the Village received a grant of $3,510,980 through UBCM to cover 100%
of the cost of upgrading roads and associated utilities on South Maquinna Drive, Rugged
Mountain Road, and Alpine View Road. McElhannev Engineering Services was retained in
201872019 to undertake project design, and construction management services. The project
was tendered in early 2019, and awarded to Hazelwood Construction for construction in the
summer of 2019, and potentially also the spring of 2020, depending on weather conditions.

DISCUSSION:

The project budgel allows for approximately $2.9 Million in construction costs pursuant o Lthe
unit price contract with Hazelwood Construction. The contract provides for a number of
provisional items, such as rock excavalion, which are only paid out if the items are required.
The unit price contract is also set up to allow for extending the scope of the works though the
negotiation of extra work orders, many of which are based on unit prices already in the
contract. The rational for this approach is to allow some flexibility in extending or modifying
scope where it is in the interest of the Village to do so.

The construction schedule submitted by the Contractor allows for construction during the
summer of 2019, with substantial completion in October of 2019. The Contractor’s schedule
included construction initially on South Maquinna, then Alpine View, and finally Rugged
Mountain. While the terms of the tender allow for work to be done the {ollowing spring, the
contractor af this point is planning on completing the work by the fall of 2019. This will likely
be dependent on weather conditions in the fall for the paving of Rugged Mountain, which is
currently scheduled in October. Should weather conditions not be conducive to paving, the
final paving work on Rugged Mouniain may be rescheduled to the spring. Alpine View will be
paved latle August or early September.

At present, the contractor is 1-2 weeks ahead of schedule. Work is now complete on South
Magquinna, and most of the underground works are now complete on Alpine View. At the

1|Page
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request of the Village, additional paving work was undertaken on South Maquinna, south of
the driveway entrance to the Marina, south to the Village Hall driveway. This extra work was
done by a combination of unit prices, as well as time and materials, at an additionai cost of
approximately $60,000. Rock excavation quantities have also been somewhat higher than
originally estimated at tender, for a current additional cost of approximatcly $40,000. This
extra work is being funded through the project contingency.

The project team is also considering additional potential paving woerk outside the scope of the
project on Head Bay Road and Tootouch Crescent, but we are net recommending this work be

undertaken until the underground works on Rugged Mountain are completed, and project
budget projections can be more accurately determined,

FINANCIAL IMPLICATIONS:

This project is fully funded through a UBCM grant of $3,510,980. Construction is proceeding
within the scope of the grant funding, and no additional funds are anticipated to be required by
the Village to complete the project.

RECOMMENDATICN:

For Information.

Respectfully submitted:

John Manson, PEng
Project Manager

2|Page
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Tahsis - Roads Project Budget 31-Jul-19
Remaining Estimated] Final Estimated)
2018[ 2019 totals to Aug 1 Expenditires; Cosls
$77,040.36 $135,903.65
$5,661.60 524,021.11
Mcefhanney invoices $3,118.22 $8,2531.94
$7,513.11
[Mcelhanney Total $85,820.18 $175,690.81 $261,510.99 $151,989.01 $413,500.00
Iother $3,962.64 $21,000.09 $24,962.73 $3G,000.DO| 554,862.73
[Construction 50.00 $544,694.40 5544,694.40 $1,778,551.000 $2,323,245.40
luly Estimate (Construction) $582,506.00 $582,506.00 4582,506.00
Total $89,782.82 $1,323,891.30 $1,413,674.12 $1,560,540.01] 53,374,214.13

P134

Grant Budget maximum

£3,510,980.00

Contingency remaining

Final Construction Cost Estimate

5136,765.87

$2,905,751.40

3.9%
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Village of Tahsis

luly 3, 2019

Hon. Claire Trevena

MLA, North Island

floom 306 Parliament Bulldings
Victoria, BC

VBY 1X

Dear Minister Trevena,

| am writing to thank you for meeting with Tahsis Council an May 217 in Tahsis, We know that you have
a heavy schedule with competing priorities so we are especizlly grateful that you made time to meet
with Council as well as spend time in the community.

This letter summarizes Councif's main points from the meeting.

Councll continues to advocate for more improvements to the Head Bay Forest Service Road. Ultimately,
our goal is to see the entire road surface seal coated but, in the interim, there are significant advantages
to seal coat the short interspersed gravel sections located between the Conuma Hatchery (kllometer 28}
and Tahsis. We also encourape better signage to improve safety, especially at blind corners. As you
would likely agree, future economic growth in Tahsis depends on a safe and reliable transportation
corridor and modern communication. We are counting on your Ministry to make this a priority in the
2020-2021 provineial budget.

Our municipal wharf has exceeded its functional life so it will be de-commissioned unless major repairs
are carried out. As a community that relies on maritime access for goods and services, the wharf is a
pivotal asset that needs to be rehabilitated for economic development. We welcome your suggestions
for possible provincial funding for this project.

The Rural Coordination Centre for BC, a project of the Joint Committee for Rural Health, recently held a
meeting in Tahsis which attracted one of the Centre’s larger turnouts demonstrating the importance
that we, as a comniunity, place on health care. The importance of the Tahsis Health Centre cannot be
overstated so we look forward to government’s continued funding and support for this vital service.

Village of Tahsis
977 South Maguinna Drive
PO, Box 219 Tabsis BC VOP 1X0
TEL: (250) 934-6344 FAX: (250) 934-6622

wiew.villageoftabsis.com
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With an aging population we are keen to develop and implement services such as assisted housing and
transportation to support seniors aging in place. As you suggested, we will follow up with the District of
Port Hardy to learn about their assisted living programs and services but also seek provincial
government program support.

A regional transportation service is neaded so seniors and persons who are financially compromised can
actess food, health care and other basic needs, Those unable to drive are reliant on the goodwill of
others which can place them in a precarious and vulnerable situation. As Minister of Transportation and
Infrastructure and our MLA we ask that you consider improvements to transportation services in this
region.

Finally, Councit needs to continue to impress upon you and your government the Importance of
protecting and preserving the McKelvie Creek watershed and the ridge which rises up east of the Village.
The Village is close to completing a watershed assessment which will be used to develop a watershed
protection plan similar to plans in Campbell River and the Comox Valley. Only the provincial
government has the authority to set aside this valley bottom old growth foresi from timber harvesting
and thereby protect the source of the community’s drinking water and preserve an ecological treasure.
The Village also seeks to reach a community forest agreement, in conjunction with the
Mowachaht/Muchalaht First Nation, with the provincial govermment and the to establish a community
forest within the Tahsis area to create jobs and maintain viewscapes.

Again, we sincerely thank you for meeting with Tahsis Council and for your on-going interest and
support for the community. We look forward to continuing our conversation at the UBCM Convention,

Respectfully,

Ay

Mayor Martin Davis on behalf of Tahsis Council
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Clty of 6911 No.3 Road,

Richmond, BC veY 2C1

RIChmOHd wwwe.richmond.ca
Fi d Corporate Services Division
June 28, 2019 R Citervle:;'s Office

File: Telephone: 604-276-4007
Taue; 604-278-5139

All BC Municipalities
Via email

Re: Lobbyist Registration

This is to advise that Richmond City Council at its Regular Council meeting held on
Monday, June 24, 2019 considered the above matter and adopted the following resclution:

To forward the following resolution for consideration at UBCM and te send copies
fo the local governments of B.C, for their favourable consideration prior to the
2019 UBCHM meeting:

Whereas the BC Lobbyists Registration Act (LRA) requires individuals and

organizations who lobby public affice holders and meet specific criteria to
register their lobbying activities in an enline public registry; and

Whereas the goal of the BC Lobbyists Registration Aci (LRA) is to promote
transparency in lobbying and government decision-making;

Therefore be it resolved that UBCM request that a lobbying regulation
system for municipal government, similar to the pravincial mechanism under
the BC Lobbyists Registration Act, be established.

Accordingly, the above has been submitted to URCM and the City of Richmond Council
requests your favourable consideration of the resolution at the 2019 UBCM convention.

Yours truly,
i4
‘, il fr\%
I¥avid Weber
Dzrector, City Clerk's Office

—

£223283 jﬁ//Richmond
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Clty Of 6911 No. 3 Road,

Richmond, BC V&Y 2C1

Rl ChmOﬂd www.richmond.ca
June 28, 2019

All BC Municipalities
Via emai!

Re: Proposed UBCM Resclution — Conflict of Interest Complaint Mechanism

This is to advise that Richmond City Council at its Regular Council meeting held on
Monday, June 24, 2019 considered the above matter and adopted the following resolution:

To forward the following resolution for consideration at UBCM and te send copies fo
the Local Governments of BC for their favourable considerations prior to the 2019
UBCM meeting. Additional copy te be sent to the Minister of Municipal Affairs.

Conflict of Interest Complaint Mechanism
Whereas professional regulatory bodies, such as CPABC, BC Law

Society, APEGBC, and others, have conflict of Interest and ethics rules
for theiy members and enforce them through a complaints process;

Whereas the public expects elected representatives to be held to «
professional standard of conduct;

And whereas the only remedy for a citizen complaint of a municipal
elected person’s conflict of interest is through a judgement f the Supreme
Court of British Columbiay

So be it resolved that the Province of British Columbia consider a
mechanism including to resolve and remedy conflict of interest complaints
through a non-partisan Municlpal Conflicti of Interest Commissionier or
expansion of the scope of powers of the BC Conflict of Interest
Commissioner,

Accordingly, the above has been submitted to UBCM and the City of Richmond Council
requests your favourable consideration of the resolution at the 2019 UBCM convention.

Yours truly,
e
Vaalaf M
JYavid Weber
Director, City Clerk’s Office

pe: The Honourable Selina Rabinson, Minister of Municipal Affairs and Housing

6223165 .i/ﬁiChmOﬂd

F138



L

Clty Of 6911 No. 3 Road,

Richmond, BC VBY 21
RIChmond www.richmond.ca
June 28, 2019
All BC Municipalities
Via email

Re:  Proposed UBCM Resolution — Statement of Disclosure Updates

This is to advise that Richmond City Council at its Regular Council meeting held on
Monday, June 24, 2019 considered the above matier and adopted the following resolution:

To forward the following resolution for consideration at UBCM and to send coples to the
Local Governments of BC for their favourable considerations prior to the 2019 UBCM
meeling, Additional copy to be sent to the Minister of Municipal Affairs.

Statement of Disclosure Updates

Whereas professional regulatory bodies, such as CPABC, BC Law Society,
APEGBC, and others, have conflict of interest and ethics rules for their
members, under which appearance of conflict of interest is disallowed;

Wherens the public expects elected representatives to act to a prefessional
standard of conduct;

And whereas the scope of decisions and responsibilities of an elected
representative can be broad and encompass a vaviely of issues;

8o be it resolved that the Statement of Disclosure for municipal nominees and
elected representatives be updated to additionally include a spouse’s assefs; a
spouse’s liabilities; and real property, other than their primary residence, held
singly or jointly by a spouse, child, brother, sister, mother or fasher, to the besi
knowledge of the candidate. Further, within 60 days of being sworn in, to file
a confidential financial disclosure statement to a non-partisan Municipal
Conflict of Interest Commissioner.

Accordingly, the above has been submitted to UBCM and the City of Richmond Council
requests your favourable consideration of the resolution at the 2019 UBCM convention,

Yours T.ruly, L‘%
Yo%

i.‘,‘av1d Weber
Director, City Clerk’s Qffice

pc: The Honourable Selina Robinson, Minister of Municipal Affairs and Housing

622316 ___’/’ hiChFﬂOﬂd
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cwy,

e CITY OF PORT MOODY

il
OFFICE OF THE MAYOR

June 27, 201¢

Selina Robinson, Minister of Municipal Affairs and Housing
PO Box 9056 Stn Prov Govt
Victoria, BC V8W 9E2

Dear Honourable Selina Robinson,

At the Regular Council Meeting of June 25, 2019, the City of Port Moody passed the following
resolution:

THAT a lefter to the Ministry of Municipal Affairs and Housing be senf by the Office of
the Mayor expressing Support for Property Assessed Clean Energy Enabling
Legislation for BC indicaling our concems and requesting that a study of PACE best
practices be undertaken with expert stakeholders, including UBCM and FCM staff, in
order to guide changes to legislation to allow for PACE programs in BC as
recommended in the report dated June 4, 2019 from Councillor Amy Lubik regarding
Support for Property Assessed Clean Energy Enabling Legislation for BC;

AND THAT the following resolution regarding Support for Property Assessed Clean
Energy Enabling Legislation for BC be endorsed by the City of Port Moody and
forwarded for consideration at the 2019 UBCM convention and forwarded to other

UBCM members for support:

WHEREAS climate change is the greatest threat to our municipalities;

AND WHEREAS the pillars of the Clean BC program inciude better buildings,

incentivizing retrofits and upgrading BC's stock of public housing so residents,
many of whom are low-income families or senlors, can live In a more energy-

efficient, healthier, and comfortable home;

AND WHEREAS the cost of clean energy infrastructure is a major barrier for low
and middle income earners, as well as small businessss and municipalities;

AND WHEREAS Properly Assessed Clean Energy (FACE) legisiation has
praven to be effective in financing retrofits in other jurisdictions;

100 Newport Drive, Port Moody, B.C. V3H3E1  Telephone: 604.469.4515  Fax: 604.469.4664
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THEREFORE BE IT RESOLVED THAT the Province of British Columbia work
with expert stakeholders with knowledge of Property Assessed Clean Energy
(PACE}) best praciices, including UBCM and FCM, to study the application of
PACE in BC and develop PACE enabling legisiation for BC Municipalities.

Property Assessed Clean Energy (PACE) is a proven, common-sense financing tool that will
allow the British Columbia Government to address the need to create transition jobs and
address climate change, all without adding to the provincial debt. PACE is a poweriul too! which,
with the right legislative framework, could create a new clean energy ecosystem, bring new
capital into the province, and significantly belster the existing sustainability marketplace. The
world is grappling with the tension between the carbon-based energy industry and a consensus
that emissions are directly contributing o climate change. Currently, buildings account for 40%
of GH@G’s. Through the development of a robust and thriving PACE ecosystem, BC can
dramatically reduce its emissions by radically improving the energy efficiency of both its existing
building stock and new builds.

The Federation of Canadian Municipalities is currently developing programs/grants for PACE;
however these are not available in BC. It has been suggested that using limited municipal or
foundation type funding instead of accessing private capital limits resources available for
Property Assessed Clean Energy (PACE) projects. PACE defivers market certainty and turns
sustainability measures into solid business case initiatives.

The City of Port Moody is asking that British Columbia develop enabling legislation for a strong
and vibrant PACE program. An optimum solution could invelve maximizing both government
and private investments. A sfrong PACE program will deliver reductions in BC's municipal and
provincial GHG emissions and make a significant contribution towards governments’ ability to
deliver on its GHG reduction commitments, 10 support reducing energy poverty, and to create
Green Jobs, Such an initiative, if uliimately implemented in BC, would become one of the most

significant steps municipalities could take to tackle climate change.

Sincerely

I. J;.

5 |
m}f’}ﬂmk{_&- = {g;ﬁ_imji .
L "] -

Meghan Lahti
Acting Mayor, City of Port Moody

CC: All UBCM Members
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OFFICE OF THE MAYOR ‘
1100 PatriciaBlvd. | Prince George, BC, Canada V2L 3V8 )
PRINCE GEORGE p: 250.561.7600 | www.princegeoige.ca
July 2, 2019

Mayor and Council
Village of Tahsis
Box 219

Tahsis, BC VOP 1X0

Dear Mayor Davis and Members of Council,

At the City of Prince George regular Council meeting held June 24, 2019, Council gave consideration
to proposed Union of British Columbia Municipalities (UBCM} resolutions regarding: Proceeds of
Crime; and Clean-Up of Needles and Other Harm Reduction Paraphernalia. The following
resolutions were approved for submission to the UBCM for consideration at the 2019 Convention.

1. Proceeds of Crime

WHEREAS the provision of police services places a significant financial burden on
local government;

AND WHEREAS the Civil Forfeiture Crime Prevention and Crime Remediation Grant
Program funds community crime reduction and crime prevention activities, but does
not address local government policing costs, including expenditures related to
investigations and police work that result in seizures of proceeds of crime;

THEREFORE BE IT RESOLVED that the Province share seizures of proceeds of crime
with local governments to help address protective services costs.

2. Clean-Ug. of Needles and Other Harm Reduction Paraphernalia

WHEREAS the low barrier distribution of harm reduction supplies, including syringes
and other safe injection supplies, in communities across BC poses a sighificant
safety and cleanlingss concern;

AND WHEREAS local governments, businesses and residents are bearing the
escalating cost of cleaning up needles and drug paraphernalia in public spaces;
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THEREFORE BE IT RESOLVED that UBCM reguest ongoing provincial funding to locai
governments to cover the cost of cleaning up needies and drug paraphernalia in
their communities.

On hehalf of Prince George City Council, your support of these resolutions at the 2012 UBCM
Convention is appreciated.

If you have any questions or would like more information please feel free to contact my office
at MasorAdmin@princepeorge.ca or 250-561-7691.

Sincerely,

Mayor Lyn Hall
Cily of Prince George
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MUNICIPALITY OF 7030 Trans-Canada Highway
(,., Duncan, BC V9L 6A1 Canada
‘2 www.noerthcowichan.ca

_ 250.746.3115
CQW IChahn 2507463133
JULY 15, 2019 File: (250-20-UBCM

VIA EMAIL: UBCM Members ~ All Elected Officiols
Dear UBCM Members,
Re:  UBCM Resolution - Regional Management of Forestry

This letter is to advise that North Cowichan Municipal Ceuncil passed the follewing resolution on June
19, 2019. Accordingly it has been submitted to the UBCM, and accepted for the 2019 Convention:

WHEREAS the forest industry in British Columbia has been on a steady decline in recent
decades, with dozens mill closures, thousands of lost jobs and once-thriving rural
communities experiencing severe economic decline - due in large part to corporate
mismanagement, misguided government policies, and lack of public oversight;

AND WHEREAS many communities across British Columbia and globally have demonstrated
that when local people are empowered to manage public forests and other common
resources through community forest licenses, regional trusts and other community-based
governance models, there are significant social, economic and environmental benefits;

THEREFORE BE IT RESOLVED that the Province of British Columbia explore the feasibility
of:

¢ Adopting a new model of regionally-based forestry management that will empower
local communities to engage in long term planning of the regional economies and

ecosystems;

+ Creating a Forest Charter passed by the Legislature that includes an overall vision,
sustainability principles, and standards for our forests; and

» Appointing a Forester General to serve as a new independent officer who will report
annually to the Legislature and work with the diverse regions of our province on local
land planning processes.
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UBCM Resolution -- Regional Management of Forestry
Page 2 of 2

July 19, 2019

Enclosed for your information is the paper Restoring Forestry in BC, which provides a strong basis for the
resolution. Council requests your favourable consideration of this important issue at the upcoming

Convention.

Yours Tr:z;&/

Matt O'Hallcran
Deputy Corporate Officer

Enclosure
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BRITIS
COLUMBIA
VIA E-MAIL
July 15, 2019 Ref: 244242

Dear Mayor:

Since Childcare BC launched in 2018, we have taken great strides towards our vision of
universal child care: a system that will provide parents with access to affordable, high-quality
child care whenever and wherever they need it.

One of the key pillars of Childcare BC is accessibility. Under this pillar, the Childcare BC New
Spaces Fund offers funding to create new licensed child care spaces for British Columbian
families.

Today, we have good news to share. Public sector organizations, Indigenous Governiments, and
non-profit societies can now access more money through the Childcare BC New Spaces Fund to
create spaces. Based on feedback from communities throughout British Columbia, we have
tripled the funding maximums up to:
s  $3 million per facility (previously $1 million) for up to 100% of project costs for
public sector organizations and Indigenous Governments,
s $1.5 million per facility (previously $500,000) for up to 100% of project costs for
Indigenous non-prefit societies, and
»  $1.5 million per facility (previously $500,000) for up to 90% of project costs for non-
profit socicties and Child Development Centres,

We are making this change to recognize that in many communities, high capital costs can be a
barrier to creating child care spaces. Increasing funding maximums means that more
communities can access the Childcare BC New Spaces Fund, and more families will benefit
from access to licensed child care.

For a breakdown of applicant type, new funding maximums and provincial contribution levels,
see attached table.

Looking ahead, the ministry is also creating a multi-project funding stream so that public sector
organizations and established non-profit societies can submit a single proposal for multiple
projects, or for large-scale projects that require more than the funding maximums. More
information on this stream will be avaifable in coming weeks.

wf2

Ministry of Cffice of the Mailing Address: Location:
Children and Family Minister Parliament Buildings Parliament Buildings
Developiment Victoria BC V8V 184 Vitteria

P146



We hope you share this information with your colleagues, partners and clienis, and apply
for funding if you are an eligible organization. By working together, we can make life better
for British Columbia’s families by improving access fo child care.

Childcare BC New Spaces Fund guidelines, application forms and FAQs are available at
www_gov.be.ca/childeare/newspacesfund. If you have any guestions, you can contact the
Childcare BC New Spaces Fund Program at MCF CCCFit gov.bc.ca or T 888 338-6622
{option 5).

Thank you.
Sincerely,
| %
.-"..I.l b, - —— ——
Katrine Conroy Katrina Chen
Minister of Children and Family Development Minister of State for Child Care
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Appendix: Contribution Percentages and Funding Award Commitment by Applicant Tvpe
Nt S
Applicant Type Organization - . L Award

¥ ; ] Contribution Funding : .
Cantribution - Commitment
Amount#

ublic sector 0% , 100% Upto Upto15
nrganizations and $3,000,000 years
Indigenous
Governments ) . :
Indigenous Non-Profit | 0% 100% Upto | Upto 15
Societies $1,500,000 years
Non-Profit Child Care | 10% 920% Upto ' Uptol5
Providers and Child $1,500,000 years
Development Centres ] o o
For-profit child care 25% 75% Up to $250,000 | Upte 10
organizations years
(Businesses and
Incarporated
Companics). |
*The maximum provincial funding amount applies to a single physical location. Projecis

: occurring within the same physical location are considered as a single project.
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Minister of Rural
Economic Development

Ministre du Développkment
économique rural

Dtlawa, Canada K1P 0B&

His Worship Martin Davis JUL 66 7019
Mayor

Village of Tahsis

977 South Maquinna Drive

Tahsis, British Columbia VOP 1X0

Dear Mr. Mayor:

Thank you for your letter of March 6, 2019, regarding cellular service on
Northern Vancouver Island. Please accept my apologies for the delay in responding.

As Minister of Rural Economic Development, I am committed to fulfilling the
responsibilities entrusted to me in this portfolie, to work with Canadians and champion
cconomic opportunity and quality of life in rural Canada. I am also pleased to lead the
rollout of infrastructure and broadband investments in rural Canada, and to work with other
federal ministers to advance important priorities benefitting rural Canada,

Recently, I announced two strategies: Rural Opportunities, National Prosperity: An
Economic Development Strategy for Rural Canada (www.infrastructure. sc.ca/rural/strat-
enghtml) and High-Speed Access for All: Canada’s Connectivily Strategy
(www.canada.ca/pet-connected). Together, these strategies demonstrate our government’s
commitment to a prosperous, competitive and thriving rural Canada, and to ensuring that,
over time, all Canadians have access to affordable high-speed Internet.

These strategies set out our government’s roadmap for the future of rural Canada, and to
achieve our connectivity goals. They build on insights from rural Canadians, and provide
a roadmap for addressing challenges and capitalizing on the opportunities in rural Canada.

Connectivity, whether Internet or cellular, is the top rural issue that I have heard to date
from Canadians, Qur government recognizes that wireless mobile connectivity on major
highways and roads is an important need, including for safety. To support the expansion of
mobile wireless services to rural and remote areas, Innovation, Science and Economic
Development Canada continues fo auction spectrum to increase its availability to wircless

providers.

) 2

Canada
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In addition to direct investments to advance connectivity, the Government of Canada is
focused on increasing competition to improve affordability while increasing coverage and
service quality. We are encouraging businesses of all sizes to invest in next-generation
technology through the Accelerated Investment Incentive. Since the Incentive was
announced in the fall of 2018, several telecommunications carriers have made plans to
expand wireless coverage to rural areas, including along roads. The Government is also
working on ensuring that telecommunications policy focuses on consumers in order to
strengthen the ability of Canadians to access quality services at more affordable prices.

Efforts to strengthen and capitalize on rural Canada’s enormous potential will require
governments, businesses and communities to collaborate. This is an important theme of the
Rural Economic Development Strategy, and these partnerships will enable progress and
produce results for rural Canada.

Thank you for your interest in my portfolio.

Sincerely,

The Honourable Bernadette Jordan, P.C., M.P
Minister of Rural Economic Development
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July 22, 2019 v
i RECE IVED |

Mayor Martin Davis JUE 7 foAly

Village of Tahsis .|

Box 219 e e -

Tahsis, BC VOP 1X0
Dear Mayor Martin Davis:
RE: GAS TAX AGREEMENT COMMUNITY WORKS FUND PAYMENT

| am pleased to advise that UBCM is in the process of distributing the first
Community Warks Fund (CWF) payment for fiscal 2019/2020. An electronic transfer
of $101,869.77 is expected to occur within the next 30 days. These payments are
made in accordance with the payment schedule set out in your CWF Agreement with
UBCM (see section 4 of your Agreement). LUBCM is also making an additional one-
time payment fowards CWF funding approved for disbursement by the Federal
government under Budget 2019 to supplement the fiscal 2018/201¢ allocation.

CWF is made available to eligible local governments by the Government of Canada
pursuant to the Administrative Agreement on the Federal Gas Tax Fund in British
Columbia. Funding under the prograr may be directed to local priorities that fall
within one of the eligible project categeries.

First CWF Payment: $32,782.04
CWF One-Time Payment. $569.088
Total EFT Transfer: $101,869.77

Further details regarding use of CWF and project eligibility are outlined in your CWF
Agreement and defails on the Gas Tax Agreement can be found on our website at
www.ubcm.ca.

For further information, please contact Gas Tax Program Services by e-mail at
gastax@ubcm.ca or by phone at 250-356-5134.

Very hest,

A

Arjun Singh
UBCM President

CC.  Deborah Bednar, Director of Finance
E ._H ‘_- Mﬂl"lﬂ‘ ._l.‘ 'ih I.“_"‘—:‘ LA o tas = 1-.";.'-' . '.._.. r -J‘Ir:?r'h.:.f'-.'i'!::'- ;lf- L :,u.!
C T :ﬁrﬁhaeﬁp 1 Tr Jrﬂﬂhﬁ‘ |20 TR f'tr?].ﬂigl‘_]ﬁ;“kiﬁi r:ijﬁﬂi; ‘} H&ﬁi"r :ff
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UBCM

Sy p

FIRST NATIONS'
Emergency Services

ARITISH COLUMBIA

BRITISH
COLUMBIA

wwnw.zov.be.ca

The Strategic Wildfire
Prevention Initiative is
managed by the Strategic
Wildfire Prevention
Weorking Group.

For program information,
visit the Funding Program
section at:

www . ubcrm.ca

LGPS Secretariat

Local Government House
h25h Government Street
Victoria, BC VBV 0AS

E-mzil; swpi@ubcm.ca
Phone: (250) 356-2047
Fax: (250) 356-5119

L\

Local Government Program Service:

.-programs to address provincial-local governmment shared priorities

'RECEIVED |

FURIRL

July 18, 2019

Mayor Davis and Council |
Village of Tahsis ' _
Box 219 [ b eiegiobalubtat
Tahsis, BC VOP 1X0

Re: Completion of FireSmart Project {SWPI-887: Tahsis Wildfire

Dear Mayor Davis and Council,

Thank you for submitting final report documentation for the completion
of the above noted FireSmart project. The Strategic Wildfire Prevention
Working Group has reviewed your submission and the reporting
requirements have been met.

The final report notes {otal project costs of $5,709.34. Based on this,
payment in that amount will follow shortly by electronic funds transfer.
This payment represents full payment for the project and is based on total
eligible costs.

I congratulate you on the successful completion of this project and offer
best wishes for future community safety work in your community
Sincerely,

N

,v“‘l(.a"r "r
\‘\r'\:; =
Peter Ronald
Programs Officer

cc: Mark Tatchell, Chief Administrative Officer, Village of Tahsis
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Janet St. Denis
Subject: FW: Sierra Club BC Support letter draft
From: Mark Worthing <markioisierraclub.be.ca>

Date: Mon, Jul 29, 2019 at 2:27 PM
Subject: Sierra Club BC Support letter draft

Hi Martin,

We chatted briefly online the other day about a support letter for one of Sierra Club BC's grant applications.
Here's a draft for you to work off of, refine or write up as you see fit. | think you said you had to run it by
council early August. Might be out that was with Troy doing a trip to Nootka Island so maybe see you around
then in town.

Thank so much for doing this - much appreciated.

Here's a google doc link you can work from, and | cut & pasted the text below as well for you:
https://docs.google.com/document/d/ 1xXxAbNeaNgBhcclnbLASTOGYTtFoZvulsul 6-ewblps/ editPusp=sharing

Mark

Date
Attention; Real Estate Foundation Advisory Committee Members,

| am writing to request your support for Sierra Club BC’s grant application to the Real Estate Foundation for
their forest conservation work with municipalities and Indigenous nations in the Nootka Sound/Tahsis region.

The Tahsis town council has voiced our support for the conservation initiatives being led by Nuu-chah-nulth
nations & municipal leadership. The rapid rate of logging jeopardizes the health of forest ecosystems and
salmon habitat, and conservation and restoration are urgently needed in at-risk watersheds like McKelvie
Creek adjacent to our community. Sierra Club BC has demonstrated a strong commitment to working
respectfully with First Nations, and would provide welcome support for this initiative.

| have been impressed with the respectful way in which Sierra Club BC has approached the Tahsis local
government, and the credibility of the information and resources that they have provided.

With their educational skills, mapping expertise, commitment to doing field assessments to shine a light on
what is happening in the forests, and respectful approach to working with local and Indigenous governments,
Sierra Club BC provides a crucial role in shifling the nasrative about forests on Vancouver island. Their work is
important and much needed, as the rate of logging and climate change rapidly change the ecosystems in
which we live and work.

| support their work, and | recommend granting approval of their application.

Sincerely,

Mayor Martin Davis & Tahsis Council
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Date
Attention: Real Estate Foundation Advisory Committee Members,

| am writing to request your support for Sierra Club BC's grant application to the Real Estate
Foundation for their forest conservation work with municipalities and Indigenous nations in the
Nootka ScundfTahsis region.

The Tahsis town council has voiced our support for the conservation initiatives being led by
Nuu-chah-nulth nations & municipal leadership. The rapid rate of logging jeopardizes the health
of forest ecosystems and salmon habitat, and conservation and restoration are urgently needed
in at-risk watersheds like McKelvie Creek adjacent to our community. Sierra Club BC has
demonstrated a strong commitment to working respectfully with First Nations, and would provide
weicome support for this initiative.

| have been impressed with the respectful way in which Sierra Club BC has approached the
Tahsis local government, and the credibility of the information and resources that they have
provided.

With their educational skills, mapping expertise, commitment to doing field assessments to
shine a light on what is happening in the forests, and respectful approach to working with local
and Indigenous governments, Sierra Club BC provides a crucial role in shifting the narrative
about forests on Vancouver Island. Their work is important and much needed, as the rate of
jogging and climate change rapidly change the ecosystems in which we live and work.

| support their work, and | recommend granting approval of their application.

Sincerely,

Mayor Martin Davis & Tahsis Council
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Rita Aedan,

907 Princess Victoria View,
P. O. Box 303,

Tahsis, B. C. VOP 1X0

July 317, 2019,

Mayor and Council, Village of Tahsis,
977 South Maguinna Drive,
Tahsis, 8. C. VOP 1X0

Dear Mayor and Council,

On behalf of our community group, McKelvie Matters, | am hereby submitting copies of duly
signed petition forms concerning Logging of the McKelvie Creek Watershed, Tahsis, B. C. which,
as of this date, the original duly signed petition forms, have been sent to our elected

representative, Claire Trevena, MLA for presentation to the Legisiative Assembly of the
Province of British Columbia.

The Legislature’s first sitting this coming fall is scheduted for October 7th, 2019,

it has been an honour and privilege to serve our community in our fight to save the
irreplaceable and | will continue on until we succeed...because, succeed we willl

Best Regards to All of You,
-~ ”"\u‘
T A ~
! __/"‘\i‘ i'_\{L-{‘.ac‘\-( —"'Ia o
Rita Aedan ~
Encl: 15 pages petition forms

Petition addressed to Legislative Assembly
Letter to Claire Trevena, MLA
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Rita Aedan,

807 Princess Victoria View,
P. 0. Box 303,

Tahsis, B. C. VOP 1X0

July 31, 2018,

Hon. Claire Trevena, MLA

908 Island Highway,

Campbell River, B. C. VOW 2C3

Pear Claire Travena,

RE: Petition to the Legislative Assembly Province of B.C.

Enclosed please find our signed petition forms for presentation to the Legislative Assemibly
hopefully on the first day of this Fall’s session, October 7th, 2019 concerning logging of the
McKelvie Creek Watershed, Tahsis, B.C.

Also please find the brochure “McKelvie Matters”, originaily produced for our community group
of the same name, of which I currently represent in forwarding along the petition to you for
representation within the Legislature.

Yours truly,

1_32?32\)\:;@ QW\_/

Rita Aedan,
McKelvie Matters

Email: ceritannefconumacable.com

Phone: 250-834-7751

Encl: 15 page petition
McKelvie Matters brochure
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To the Honourable the Legislative Assembly of the Province of British
Columbia, in Legislature Assembled.

The petition of the undersigned, citizens of the Village of Tahsis, B. C. and
environs, states that: We respectfully request that the Legisiative
Assembly of the Province of British Columbia immediately protect and
preserve the McKelvie Creek in Tahsis for drinking watershed, wildlife and

recreational values.
Your petitioners respectfully request that the Honourable House take action

as deemed appropriate to protect and preserve the McKelvie Creek, our
community watershed, which lays within the McKelvie Old Growth forest.

Dated this 31° day of July, 2019.
Rita,Aedan, on Behalf of the Tahsis community group McKelvie Matters

P. 0. Box 303, Tahsis, B. C. VOP 1X0
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Petition to the Legislative Assembly of the Province of British Columbia

Logging of The McKelvie Creek Watershed ~ Tahsis, B. C.

] We respectfully request that the Legislative Assembiy of the Province of British Columbia
immediafely profect and preserve the McKeivie Cresk in Tahsis for drinking watershed, wildlife,

Action pefitioned for:
Lo __and recreational values.
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Petition to the Legislative Assembly of the Provinge of British Columbia

Logging of The McKelvie Creek Watershed ~ Tahsis, B. C.

Actionrpe‘tftioned fon

| and recreational vajues,

1 L We respectfuﬂy request that the Legislative Assembly of the Province of British Columbia
| immediately profect and preserve the McKelvie Creek in Tahsis for drinking watershed, witdlife,
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Petition to the Legislative Assembly of the Province of British Columbia

Logging of The McKelvie Creek Watershed ~ Tahsis, B. C.

T T P e e s
PO

|

: | We respectfully request thai the Legistative Assemb!y of the Province of British Columbia
Acth’.m petﬂioned fcr immediately protect and preserve the McKeivie Creek in Tahsis for drinking watershed, wildiite,
"+ ".- | and recreational values.
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Petition to the Legislative Assembly ¢f the Province of British Columbia

Logging of The McKelvie Creek Watershed ~ Tahsis, B. C.

We respecifully request that the Legislative Assembly of the Frovince of British Columbia

Action petitioned for; immediately protect and preserve the MeKelvie Creek in Tahsis for drinking watershed, wildlife,
o - and recreational values.
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’ Petition to the Legislative Assembly of the Province of British Columbia
Logging of The McKelvie Creek Watershed ~ Tahsis, B. C.

T We respectfully request that the Legislative Assembly of the Province of British ‘Columbia
| immediately protect and preserve the McKelvie Creek in Tahsis for drinking watershed, wildlife,

Action petitioned for:
— ; | and recreational values. -
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Petition te the Legislative Assembly of the Province of British Columbia

Logging of the McKelvie Creek Watershed ~ Tahsis, B.C.

" We respectully request that the Legislative Assembly of the Province of British Columbia

Agtion petitioned for;

| . Printed FullName _ 1~

immediately protect and preserve the McKelvie Creek in Tahsis for drinking watershed, wildiife,
. and recreational values.
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Petition to the Legislative Assembly of the Province of British Columpia

i_ogging of the McKelvie Creek Watershed ~ Tahsis, B.C
Action petitioned for:

‘We respectfully request that the Legislative Assembly of the Province of Brilish Columbia
. immediately protect and preserve the McKelvie Creek in Tahsis for diinking watershed, wildiife,
= \ and recreational values.
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Petition 1o the Legislative Assembly of the Province of British Columbia

Logglng of the McKelvie Creek Watershed ~ Tahsis, B.C.

‘ T We respectfuﬂy request that the Legislative Assembly of the Province of British Columbia

| Agiion petitioned for: | immediately protect and preserve the McKelvie Creek In Tahsis for drinking wafershed, wildlife,

! and recreational values.

O . 3
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_Comment foptional)
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Petition to the Legislative Assembly of the Province of British Columbia

Lagglng of The McKelvie Creek Watershed ~ Tahsis, B. C.

o Sy ] We respectfuﬂy ully request that the Legislative Assembly of the Province of British Columbia !
sl Aution.petitimnad fbr: “| immediately protect and preserve the McKelvie Creek in Tahsis for drinking watershed, wildlife,
e "N - & i and r&rrzaauona! values. L
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Petition to the Legisiative Assembly of the Province of British Columbia

Lcsggmg of The McKelvie Creek Watershed ~ Tahsis, B. C.

E L 1 we respecifuﬂy request that the Legislative Assembiy of the Province of British Columbia
Acﬁcn path’:ione:l fur: Fd Jmmedfatefy protect and preserve the icKehie Creek in Tahsis for drinking watershed, witdlife,
S T " and recreational values.
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Petition to the Legislative Assembly of the Province of British Columbia

Logging of The McKelvie Creek Watershed ~ Tahsis, B. C.

i We respecifully requesf that the Legisfatrve Assembly of the Province of British Columbia

Action petitioned for:

| and recreational vaiues.

i immediately protect and preserve the McKelvie Creek in Tahsis for drinking watershed, wildlife,
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Petition 1o the Legisiative Assembly of the Province of British Columbia

L@ggmg of The McKelvie Creek Watershed ~ Tahsis, 8. C.

et A

Ws respecffuﬁy raquasf ‘that the Leg:s!atwe @ Assembly of the Province of Bm‘;sh ‘Cofumbia

" immedrately protect and preserve the McKelvie Creak in Tahsis for drinking watershed, wildiife,

3 and regreatfonsaf values.
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Petition to the Legislative Assembly of the Province of British Columbia

chgmg of the McKelvie Creek Watershed ~ Tahsis, B.C.

| We respectfully request that the Legistative Assemb!y of the Province of British Columbia
Action petitioned for: | immediately protect and preserve the McKelvie Creek in Tahsis for drinking watershed, wildiife,
and recreafional values,
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Petition te the Legislative Assembly of the Province of British Columbia

Logglng of The McKelvie Creek Watershed ~ Tahsis, B. C.

We respectfu!fy request that the Legfslatfve Assemb!y of the Province of British Columbia
Action petitioned for: fmmedJately profect and preserve the McKelvie Craeek in Tahsis for drinking watershed, wildlife,
| and recreational values.
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S InRt=1]! Glenda Hadley <lilaglendahadiey@gmail.com>

Re: Public Boat Landing & Washdown Station

Glenda Hadley <li|aglendahadiey@gmail.oom> Tue, Aug 6, 2019 at 2:21 PM
Draft

Village of Tashis: For Consideration

Due to the construction of the SAR building, fishermen have lost the use of the washdown station for their boats and
trailers and easy access to the public boat landing. We used to be able to drive through the municipal parking lot in order
to complete an easy tum into the public boat landing. Once our boat was launched we could then pull back into the
municipal lot to rinse off our frailers.

Losing access to this road now requires making almost a 180 degree hard turn into the boat landing which makes it very
hard on the boat trailer bearings.

In addition, the loss of access to the wash down station compounds the problem for bearings and brakes due to damage
from submersion in the salt water,

| am asking you to consider creating access to the boat launch area from the north end of the landing which would enable
vehicles to drive straight into the landing. | would also ask that you consider moving the wash down station to the top end
of the landing. Both these actions would be beneficial to all the boat owners that need to access the only boat launch
area in town.

Thank you for your consideration.

Sincerely,

Allen Carter
Tahsis Resident



Grant in Aid Application
Policy #2007

Name of Group or Organization: Culture Days Date: Juiy 10, 2019
| hereby request a Grant in Aid from the Village of Tahsis. The details of this request are below.
1. State the exact amount of monies or in-kind assistance {eg. free use of facilities)
requested.
I am requesting free use of the gym for Sunday, September 29 from 2:00 to 9:00.
2. Briefly outline the purpose of this assistance.
For the first time, Tahsis is going to take part in a national program called Culture Days.
The purpose of this event is to get the public involved in arts activities. The event must be
hands-on, free and open to the public.
3. Who will benefit from this activity? How many people will benefit?

The three activities we are presenting will appeal to a wide age range of people. It is
estimated as many as 100 people will attend the three sessions.

4. What steps have you taken to raise funds?
Tahsis Literacy Society is funding the costs of the three workshops.

5. What other local groups have been approached for assistance? Please indicate what was
requested from these groups and whether they have agreed to assist.

Tahsis Literacy has committed $1300 and is providing the insurance needed at the rec
centre under their coverage. Two private citizens are donating funds needed.
Accommodation is being provided by homes in town.

1
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Grant in Aid Application
Policy #2007

6. Have you approached the Federal or Provincial governments for assistance? Please
indicate what was requested from these Senior Governments and whether they have
agreed to assist.

No.
7 Wil this project proceed if funds or in-kind assistance are not provided by the Village?

Yes, but in a venue that’s not as well suited for the project.

Signature of Authorized representative

Please attach a budget for your project. Please be as complete as you can. You may be asked for
further financial information,

if a Grant in Aid for funding is approved, the cheque should be made payable to:
No cheque. Just germission to use rec centre sym.
and be mailed to: P.O. Box 150, Tahsis, B.C. VOP 1X0

Contact person: Stephanie Olson
Phone number: 250-934-6236
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COSTING OF CULTURE DAYS

Nicole Crouch, Art Therapy workshop

(complete description and Nicole’s bio attached)

Budget

Waorkshop fee $325

Travel expenses 5100

Per diems x 2 days 580

Materials (flexible) $275 (maximum cost for tempera palettes brushes sharpies/markers
pencils paper)

TOTAL 4780

Calligraphy Class

Pens 55 x 24 = 3120

TOTAL $120

Square Dancing

The Tree Planter Band will come to play and do the calls. They are a group of four musicians whe play
square dance music at tree planter camps.

Transportation and pay  $400

GRAND TOTAL FOR DAY’s EVENT = $1300.00
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Workshop Proposal for Culture Days in Tahsis, September 2019
Title: Room to Consider

Description:  20-minute slowtime showtime think tank visioning art project followed by 100 minute
hanging out and informally continuing the work

Facilitator: Nicole Crouch, Art therapist, M.A,, CCC

Synopsis
20-minute intensive: Participants are asked to please stay for the duration cf the 20 minutes
Participants gather in a classroom.

The room will have a roll of paper (4 feet wide-esque} around the perimeter on the wall. If only 3 walls,
or sections of walls are available, it still works.

First ook at the colours in the roam

The facilitator will ask participants to imagine a place or places in town where you feel goad, places you
are drawn to. Start with the places of fight

Now imagine bringing colour and shape into these places- What does it look like? Cover everything in art

Prompt:
Go ahead and try to translate these images on the mural wall... Improvise

You can also describe to participating scribes (Celine, Troy or other group members} what they can
imagine or go ahead and draw it themselves. Slow patient vibes; pause and room to consider.
Encouragement, appreciation, joy.

Consider how these images might be portals- where might they take us? Who might enter through
them?

100-minute hangout

Participants are free to come and go as they choose. The facilitators will draw a mountain silhouette line
all around the top of the mural and ask participants to fill in the scene by incorporating elements of the
town into the art visions,
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UBCM ORV Working Group for Rural Communities

Participate with UBCM and local governments via conference call prior to the 2019 UBCM Cenvention to
discuss best practice to improve the ORV Management Framework with minor changes to the existing
operation permit process, in support of the resolutions being brought forward at the 2012 UBCM
Convention (see Backgrounder, Resolutions and Aligning with Provincial Legisiation References attached)

Tahsis, Sayward and Tumbler Ridge have put forth an ORV Management Framework Resolution that has
been endorsed by their local government area associations {AVICC & NCLGA)] to be brought forward for
endorsement at the 2019 UBCM Convention for minor changes to improve the existing Operation
Permit process to better facilitate ORV tourism and community connectivity.

ORY Working Group participants will discuss the legal and policy considerations for local governments
seeking to permit ATVs and SxS to access specific designated routes on municipal roads.

Learn what is currently being done in communities across BC, what bylaws have been passed to permit
ORV use, what the challenges are, possible solutions, and opportunities to support and advocate for
improved, safe and convenient, incidental access to public roads to allow rural communities to utilize
existing infrastructure and sustainable trail networks to maximize the economic development benefits
for the whole community.

If you are interested in participating in the UBCM ORV Working Group, please contact Marie Crawford at
mcrawford@rubcm.ca at your earliest convenience to ensure you are included in the upcoming
conference call.

If you have any questions or would like further information, please contact kim atvbe.ca
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BACKGROUNDER

ORV Tourism — Changing Social & Economic Trends for Rural Communities

Froperly managed ATV destination touriem uiilizes existing infrastruciure and suctainzble frail networks to maximize
the economic development benefits for the whole comenunity while respecting envirenmenital and culturaf values,

Many rural communities are interested in making it legally permissible to ride ATVs/SxS on a designated
route in town to access fuel/food/lodging to facilitate tourism. The implementation of the Provincial
ORV Management Framework, licensing, regulations and operation permits have made this possible.

The Off-Road Vehicle {ORV} Act was intended to create safe and more convenient incidental access to
pubic roads and highways to better connect BC's rural communities and support a first-rate ORV trail
network, and to allow local governments to expand their trail networks to take advantage of economic
development opportunities by way of tourism.

The ORV Management Framework developed by the Province of BC is a cross-government initiative,
consisting primarily of the Off Road Vehicle Act, which includes changes to the Motor Vehicle Act to
provide safe, convenient, incidental access to highways including free police-issued operation permits.

As intended the ORV Act is creating significant economic opportunities for rural communities to
establish inter-community ORV tourism. In BC we have vast crown land and trail networks connecting
our rural communities that easily allow communities 10 establish a designated ORV trail network that
has the potential to connect thousands of kilometers of trails and communities.

For an ORY trail network 1o be a viable tourism product, it must provide riders the ability to access food,
fuel, and lodging for extended trips, which means riders must have ride-in access to services in
communities along the route. Many rural communities are now issuing the operation permits required
to access these services along a designated route, however currently a separate operation permit from
each jurisdiction or community is required, which isn’t conducive for tourism, as a rider first must travel
to each of the communities to obtain their operation permit.

Currently Operation Permits are issued only by the lacal RCMP. ORV riders wishing to make a journey
Involving multiple communities must go to a community prior to making their trip hoping an officer will
be there and available, then track down that tocal RCMP member and when they find the officer, they
must hope he/she is able to take the time to issue an Operation Permit for that community. Then the
riders must repeat this process in each community they plan to ride into - they might need 6 different
permits or more and could take an QRY tourist days of travel to the various RCMP detachments by car,
prior to their ride, just to get their Operation Permits, before they can even begin their actual ORV trip.

For many ORV routes, such as the North Island Inter-Community ORV Trail Network which is over 1,000
km’s and connects 8 communities approximately only 1% of the route requires incidental public road
access for which operation permits must be issued, however currently tourists must travel the whole
1,000 km route 1o obtain the required operation permits, before their ORV trip can begin.

It would make the Operation Permit process much more conducive to tourism if, once the connecting
designated route has been approved by each jurisdiction, only one operatian permit needs to be issued
to cover the entire route; and that one permit could be issued by any of the jurisdictions along the
route, so that a tourist could start their adventure at any location along the route. The permit would list
the communities and the specific unique designated routes by which it wilt allow ride-in access.

Currently Operation Permits are issued only by local RCMP, however that is a drain on local RCMP
resources as many rural towns do not have the staffing for these types of administrative tasks, therefore
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once a safe designated route has been approved by local RCMP or local government, then the local
townhall or community office could issue the Operation Permits.

This will allow ORV tourism to flourish between communities, reduce the amount of time and resources
for local RCMP and communities to issue operation permits, while creating a viable tourism product.

The ATV rider demographic includes family folks and mature adults, with above average income that
enjoys outdoor recreation, cultural activities, dining out, with preference to camping near lakes and
rivers, plans trips around specific destinations and are willing to travel. In short, they are they perfect
tourist, as many are retired with lots of time to travel, utilizing all four seasons in many areas.

ATV tourism contributes hundreds of millions to the BC economy through product and service purchase
from fuel, gear, accessories, to food, accommodation and more. There are roughly 125,000 ATV riders
in BC with an additional 495,000 estimated 1o be within a one day drive of the province. A 2015
economic impact study indicates the combined investment and operating expenditure of ATV/S$xS
activities in BC has an annual impact of $502 million.

Vera Vukelich, the Manager Responsible for ORVs, Ministry of Forests, Lands, Natural Resource
Operations and Rural Development, issued a letter dated July 2016 advising:

“I would olso encourage your members to continue to work collaboratively with local staff from the
Ministry of Transportation and Infrastructure, the Ministry of Forests, Lands and Natural Resource
Ogerations, and local governments on proposals for ORV trails/routes that provide safe incidental access
to highways (i.e. ORV travels along portions of the highway right-of-way to access a trail, ability to
access gas stations and signage is in place for ORVs that may need to travel on the road for a short
distance ~ of course, local circumstances will vary)”

The UBCM 2018 Annual Report (pg 41} advises that UBCM continues to monitor the implementation of
the new ORV Act and its accompanying regulations, and that engagement continues with local
governments interested in expanding their trail networks to take advantage of economic development
opportunities by way of tourism, therefore the mechanisms are in place for local governments to work
collaboratively with UBCM to advocate for improvements to the ORV Management Framework to better
facilitate tourism and economic potential for rural communities.

OPPORTUNITIES TO SUPPORT ORV TOURISM

2019 UBCM ORV Working Group participate with UBCM and local governments via conference call prior
to 2019 UBCM Convention to discuss best practice to improve the operation permit process in support
of the ORV resolutions coming forward, identify goals and challenges. To participate, please contact

mcrawford@ubem.ca

2012 UBCM Session Proposal jointly submitted by Sayward, Tahsis, Tumbler Ridge and ATVBC (UBCM
appraval pending) — Attend and encourage others to attend the proposed clinic at UBCM Convention for
a better understanding of the provincial regulatory framework which governs ORV use, the benefits of
ORV tourism, and economic potential for rural communities.

2018 UBCM Convention Resolutions — show your support by voting in favour of the ORV Management
Framework Resolutions coming forward for endorsement at the 2019 UBCM Convention from Sayward,
Tahsis, and Tumbler Ridge as endorsed by AVICC and NCGLA.

ATVBC Booth at 2019 UBCM Tradeshow — visit ATVBC Booth #1020 for info and support for ORV
tourism and rural economic development. For further info please contact kimiiratvbc.ca
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ORYV Tourism - Aligning with Provincial Strategies & Legislation

The Province of BC recognizes that ORVs are increasingly popular across British Columbia prompting
development of the Off-Road Vehicle Management Framework for safe and responsible use of ORVs on
Crown land.

“Safe and maore convenient incidental access to public roads and highways is key to the ORV
Management Framework”

ORV tourism is supported by the Province of BC's ORV Management Framework with improved
incidental public road access to better connect BC's rural communities in support of a first-rate ORV trail
network. The BC government continues to implement improved road and highway crossings, in stages,
under the Motor Vehicle Act.?

ORV tourism aligns with the Province of BC Trails Strategy vision of a world-renowned, sustainable
network of trails, with opportunities for all, which provides benefits for trail users, communities and the
province.?

ORV tourism allows rural communities to embrace the 2019-2021 Strategic Framework for Tourism in
BC “Welcoming Visitors — Benefiting Locals — Working Together’? by allowing communities to utilize
existing infrastructure and trail networks to support sustainable tourism growth.

ORV tourism supports people and improves the quality of life in rural communities by increasing the
economic benedits for the whole community (direct and indirect spending) and enhances communities
by establishing trails systems and community connectivity on designated routes to ensure users stay on
trails to protect nature and respect the environment.

Based on an independent economic impact study completed by Smith Gunther Associates Ltd in 2015,
Canadians spent $6.9 billion on activities directly involving ATVs and SxS, and the ATV/SxS recreation
economy in BC generated $502 million in consumer spending, 6,000 jobs, $260 million in labour force
income, and $149 million in tax revenue annually® (note: 2015 study based on 100,000 machines; {CBC
2019 registration data indicates 20% plus increase, with over 120,000 ATV/SxS’s registered in BC)

province of BC, Off Road Vehicles, ORV Maragement Framework, Improved Road Access for ORVs
hittg:s i www2. rov. be.ca/gay, contentindustry/ crown-land-waterj crown-land/crowrr|and-uses/off-road-vehides improved-
roag-access

*Province of BC, Trails Strategy for British Colurnbia
hitg f fwww.sitesandtrailsbe.cajdocuments/Trail-Strategy-for-BC V6 Nov2012. g

3pravince of BC, Strategic Framework for Tourism in BC
hitgs:/iwww? yov.br.ca/gov/content/tourism-immigrationytourism-resources; bes-tourism-framework

Canadian Off-Highway Yehicle Manufacturers Council, Economic Impact Study of ATVs and $x5
hittysurwww.cohv.ca/press-releases) canadians-spe nt-&-9-biflion-on-direct-activities-involving-atvs-and-rovs-in-20315°
hittyss i www, cohv cafwircontenty uiloads/2016/11/Reduged-Two-Tatal-Econgmic-Embacts-of-ATVs-and-Side-Finak

Report.pdf
@
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Association of

A Vancouver Island and
AV' C C Coastal Communities
M

2019 Resolution

R6) Off-Road Vehicle {ORV} Management Framework Village of Sayward,
Village of Tahsis

WHEREAS the Off-Road Vehicle {ORV) Act was intended to create safe and mare convenient incidental
access to public roads and highways to better connect BC's rural communities and support a first-rate

ORV trail network, and ta allow local governments to expand their trail networks to take advantage of
economic development opportunities by way of tourism;

AND WHEREAS the current administrative process to obtain Operation Permits as permitted under the
ORV Act is onerous and not conducive to convenient incidental access to trail networks connecting
multiple communities as a separate operation permit must be obtained from each jurisdiction:

THEREFORE BE IT RESOLVED that the following changes to legislation are made:

= Only one (1) Operation Permit required for approved access to multiple jurisdictions and/or
communities along a connecting designated ORV route and trail network issued in any of the
Jjurisdictions or communities along the route.

® Operation Permits can be issued by any local RCMP or local government along a designated
route.

» Operation Permit term extended from 2 years to 5 years to align with the driver's licence term.

Resolutions Committee recommendation: No Recommendation
Resolutions Committee comments:

The Resolutions Committee notes that the UBCM membership has not specifically addressed the issue of
ORV operating permits. However, members have more broadened endorsed resolutions related to ORVs,
such as 2013-B97, which requested provincial legistative amendments to authorize o locaf government to
regulate the operation of off-road vehicles on municipal roads within that locof government’s
boundaries.

Prior to 2013, the UBCM membership consistently endorsed resolutions calling on the Province to enact
legisiation and regulations for ficensing and registration of off-rood vehicles (2009-A6, 2007- B20, 2005-
B10, 2002-B9).

httgs://avicc.ca/wi-content/uploads) 2019704/ Program-and-Resolutions-2019. pdf
Page 36

P181



782019 Naorth Central Local Government Association ) Home

ORV Management Framework Improvements to Facilitate
Tourism

Sponsars: District of Tumbler Ridge

Year Category NCLGA Ref#
2019 Comrunity and Resources R18

STATUS

NCLGA Executive Recommendation: No Recommendation | Endorsed by the NCLGA Membership

DETAILS

Whereas the Off Road Vehide Act (GRV) was intended to treate safe and more convenient incidental access (o pubilic roads
and nighways to better connect BC's rural comminitias and suppart a first-rate ORV trail network znd 1o allow local
governments o expand their trall networks to take advantage of economric development opportunities by way of wurismr;

And whereas the current adrrinistrative process to obtan Operation Permiis as permitted Lader the QRY Actis orerpus
and not conducive to convenient incidental access 1o tral networks connecting muitipie communties &6 a separate
operaticn permit must be cbtained from eacn jurisdiction;

Therefore be it resolved that the foliowing changes to legisistion are made:

Only cne (1) Operation Permit required for approved access 1o multiple jurisdictions and/ar cormmuniiies, along 2
connecting designates ORY route and trak network, which cen be issued in any of the jurisdiciions or communities along
the route,

Operation Perm.ts can be issued by :ocal RCMP or local goverrment,

Operation Permil Lerm extendec from 2 years to 5 years to align witn d-iver's licence term,

RESPONSES

The Reso.utions Cemmitiee advises that the UBCM membershin has not specificelly addressed the issue of GRV operating
permits.

However, the Comimitlee notes that the memberstip has more broacly erdorsed resolutions locking to license 2nd
regulate ORVs (2016-B67, 2013-B97, 2011-320, 200846, 2007-B20, 2005-K10, 200z-B9).

View Al Resolul 'ons (fdocuments/reso’utions?

hﬂps:vaw.nclga.ca.‘resoluﬁonsloRV—Managemenl-Framework-improvements—la-Facilitme—Tourism 144

P182



VILLAGE OF TAHSIS

To: Mayor and Council

From: Mark Tatchell, CAC

Date: July 22, 2019

Re: Municipal Insurance Association of BC (“_MIABC”] Voting Delegate and Alternate
PURPOSE OF REPORT;:

To seek Council’s consideration of voting delegate and alternate for the MIABC Annual General
Meeting to be held on September 24, 2019 in Vancouver in conjunction with the UBCM
Convention.

1. By resolution select a Voting Delegate and Alternate 1o vote at the MIABC Annual
General; or
2, Any other alternative that Council deems appropriate

BACKGROUND:

The Municipal Insurance Association of BC (MIABC) Voting Delegate Orientation is scheduled
to take place on September 24th at 4:00 p.m., immediately followed by the 32nd Annual
General Meeting [AGM) at 4:30 p.m. These events will be held in Waterfront Ballroom A/B of
the Fairmont Waterfront Hotel in Downtown Vancouver, located directly across from the
Vancouver Convention Centre where the UBCM Convention is taking place.

The Village of Tahsis MIABC registered Voting Delegate is the late mayor, Jude Schooner.
There are no alternates registered with MIABC to vote.

Under Article 6.13 of the Reciprocal Insurance Exchange Agreement, a Council resclution is
required to change the voting delegate and/or two alternates. The resolution must be
forwarded to MIABC by September 9th, 2016.

The AGM Booklet with further voting information will be distributed on August 23, 2019,

PoLICY / LEGISLATIVE REQUIREMENTS:
N/A

FINANCIAL IMPLICATIOKS:

NjA

1|Page

P183



STRATEGIC PRIORITY:

N/A

RECOMMENDED RESOLUTIONS:

Moved, seconded by Councilior THAT _ o __be
sclected as the Village of Tahsis Voling Delegate for the MIABC 2019 Annual General Meeting
and future annual general meetings,

Moved, seconded by Councillor THAT be

selected as the Village of Tahsis Alternate #1 for the MIABC 2019 Annual General Meeting and
future annual generzal meetings.

Respectfully submitied:

Mark Tatchell, CAO

2|Page
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MY

VILLAGE OF TAHSIS

Report to Counci

To: Mayor and Council

From: Mark Tatchell, CAO

Date: July 24, 2019

Re: Local Government Diking Authority
PURPOSE OF REPORT:

To seek Council’s consideration to authorize the Village of Tahsis as the diking authority for
existing dikes, improvements to these dikes as well as any new dikes that may be constructed.

OFTIONS /| ALTERNATIVES

Approve the following proposed resolutions:

“Moved, seconded by Councillors _ _ THAT to protect the
public interest and safety of life and property that the Village of Tahsis become the
diking authority and be fully responsible for the operation and maintenance of
existing dikes, improvements to those dikes and new dikes and that the Village
secure legal access to the lands on which all dikes are constructed.”

“Moved, seconded by Councillors THAT Council approve
submitting a grant application to the Structural Floed Mitigation 2019 program.”

2. Do not approve the proposed resclution;
3. Seek additional information from the Ministry of Forests, Lands, Natural Resource
Operations and Rural Development; or
4. Any other alternative that Council deems appropriate
BACKGROUND:

Under the Dike Maintenance Act:

"dike" means an embankment, wall, fill, piling, pump, gate, floodbox, pipe, sluice, culvert,
canal, ditch, drain or any other thing that is constructed, assembled or installed to prevent
the floeding of land;

"diking authority” means

(a) the commissioners of a district to which Part 2 of the Draingye, Ditch and Dike Act
applies,

(b) a person owning or controlling a dike other than a private dike,

1|Page
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(b.1) if the final agreement of a treaty first nation so provides, the treaty first nation in
relation to dikes on its treaty lands,

{c) a public authoerity designated by the minister as having any responsibility for
maintenance of a dike other than a privaie dike, or

(d) a regional district, a municipality or an improvement district;

For historical reasons, the approximately 100 diking authorities in BC are comprised of several
types of legal entities including municipalities, regional districts, improvement districts, diking
districts under the Drainage Ditch and Dike Act, strata corporations, rate payers associations,
government agencies, non-government organizations, private corporations and private
individuals.

Operational experience over the past few decades has shown that many of these “diking
authorities” have had significant difficulties in maintaining an “ongoing, adequately funded
dike management program...” and “acquiring and maintaining legal access...”

This has been particularly true for those diking authorities that do not have the powers that
are provided to local governments with respect to taxation, Emergency response, land use
approvals, expropriation, and other regulatory authority.

For more than ten years it has been provincial government practice to require that the diking
authority for the new dike must be a local government.

The Village has two dikes, the North Maquinna floodwall and the dike that runs paraliel to
Cook Street. Although the Village was involved in the construction of hoth dikes, there is no
record indicating that Council approved becoming a diking authority under the Dike
Maintenance Act.

Having compleled the Tahsis Flood Risk Assessment study, the Village is positioned to apply
for funding under the provincial government’s Structural Flood Mitigation 2019 grant program.
The application deadline is October 25, 2019. To be eligible for the program, the local
government applicant must be the diking authority for the dikes that would be improved with
the grant monies.

PoLICY/ LEGISLATIVE REQUIREMENTS:

The policy and legislative requirements are described above.

FINANCIAL IMPLICATIONS:
The Village currently funciions as the diking authority by conducting inspections, submitting
reports and carrying out maintenance and repairs as needed on both dikes, so the Village has

already absorbed those costs in the operating budget. To access provincial government grants
it is a requirement for a local govermment to be a diking authority.

2|iPage
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STRATEGIC PRIORITY:

N/A

RECOMMENDATION;

Approve the resolutions in Option 1.

Respectfully submitted:

Mark Tatchell, CAQ

3|Page
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Demonstration Project Grants
Application Form

About Taward Parity in Municipal Politice

Toward Parity in Municipal Politics is a 30-month project from the Federation of Canadian
Municipalities, funded by the Department for Women and Gender Equality. Implemented in partnership
with provincial and territorial municipal associations, Equal Voice and the Canadian Women Foundation,
the project is building on past projects and current momentum towards greater equality in the
municipal sector. Toward Parity will develop a National Action Plan to help overcome the barriers and
increase opportunities for women to participate fully in Municipal politics.

Ahout Demonstration projects

¢ Projects are eligible for up to $5000 in funding. The grants are intended to be either seed funding to
incubate a new idea and gain support for gender equality in the community or to scale up an idea or
initiative that has shown promise.

« Submission deadline: Please submit your application to women@fcm.ca by August 15,
2019

+ The project must be implemented between mid-September 2019 and June 1, 2020.

¢ Applications must be led by an FCM member (municipal or local government) or affiliate member
such as a provincial or territorial association.

¢ Successful applicants must have a partnership between a municipal or local government and a
women’s organisation, youth or community group working on women’s issues or inclusion.

e Must focus on increasing opportunities or reducing barriers for women in municipal politics.

*+ Projects which promote diversity, inclusion and integration of youth will be prioritised.

¢ Must be non-partisan (funds cannot be used to support candidates, contribute to a political
campaign or to a political party).

More information about eligibility requirements and submission process are available on our website.

Part A: Applicant information

Lead Applicant: Contaet infarmation
Please select your applicant type from the list below.

X Municipal/Local government (e.g. town, city, region, district, and local boards thereof}



O Group of municipalities

O Provincial or Territorial Association

Q Municipality or group of municipalities - this includes partner Indigenous community
with a shared service agreement

hMailing address

¢ Organization name (Please indicate the legal name of your organization) -Village of Tahsis
¢ Department - municipal government

¢ Mailing address 977 south Maquinna drive p o box 219

s City — Tahsis,

= Province/territory — British Columbia

e Postal code — VOP 1X0

¢ Telephone number - 250-934-6344

EBrimory contact information

¢ Salutation (optional)

e First name -Sarah

e Last name- Fowler

+ Middle initial {optional)

¢ Title municipal councillor

¢ Email sfowler@villageoftahsis.com

e Telephone {business} 250-934-6344

¢ Mobile phone (optional} home 250-394-7713



Partnerships: Contact information
Working in partnership is an essential element for this proposal as a means to increase reach,
sustainability and impact of the initiative. Applications not working in partnership will not be considered.

Partner organizations should be a women’s organization, a community group or other incorporated
body working on the promotion of gender equality, diversity and/or inclusion.

If working with multiple partners, repeat questions in this section for each partner involved in the
project.

Beimary contact informetion for efigibile partner, municipol ar Indigenous communily poriners
« Name of partner organization JCR junior canadian rangers, {ladies auxiliary)

¢ Province British Columbia

¢« Contact name and title Dan Dahling; patrof leader Tahsis division (Debbie Vansolkema)

« Email address headbay@cablerocket.com

Describe the partner argonization
Up to 600 words.

Please provide a description of the partner organisation, mission and objective. Include examples of
other projects, initiatives or activities that will be helpful to the successful delivery of the demanstration
project.

The JCR’s is a community based youth group supported by the cadet organization and
national defence. The mandate is to promote three circles of learning and practice
ranger skills like survival camping, as well as traditional indigenous and life skills.
Their mission is to be an inclusive body that trains and celebrates service. In past
partnerships they have been involved with the Tahsis Valley Fire Department to
delivery pamphlets, canvassing door to door, during emergencies like boil-water
advisories. They have also participated in stream keeping initiatives by planting trees
in the Mckelvie watershed to address erosion and brought chainsaws to Yuquot
(Friendly Cove) to help provide firewood. For Tahsis Days they partner with the ladies
auxiliary to put on the duck race fundraiser, a canoe in the Inlet to retrieve the release
rubber ducks. Annually they are involved in our municipal Remembrance Day
ceremony at the cenotaph. The JCR's are a great opportunity for vouth to develop
leadership and team skill in addition to being involved in shoreline and clean up’s. To
be successful in a demonstration project for the towards parity initiative they would be
integral in providing invaluable logistics and boots on the ground.

Deseribe the nature of the partnership
Up to 600 words.

Please describe the nature of the partnership between the lead applicant and women’s group or
community partner, including an overview of the collaboration, any previous joint initiatives and how
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roles and responsibilities will be shared among the participants (e.g. terms of reference or
Memorandum of Understanding, evidence of municipal council support, financial contributions, etc.).
Bullet points are acceptable.

e The nature of the partnership between the JCR’s and the lead applicant
(Councillor Fowler) is to establish a base camp for tapping Big Leaf Maple trees
at the Village of Tahsis, owned property called Pete’s farm during the march
break week off school.

o This based camp is designed to explore potential opportunities in local food
production but also provide a gathering space 1o have fireside chats about
barriers and resiliency development strategies.

s By integrating the vouth centred JCR group and the senior centred ladies
auxiliary we share the common ground of diversity and valuing experiences that
are different from our own.

» More collaborative opportunities of inclusion could focus on women issues in
political campaigns by inviting the PAC of Captain Meres Elementary secondary
school (Parents Advisory Council) once school starts in September.

s Previous joint inttiatives in our small tight knit communities provide a highly
collaborative chance to celebrate the caregivers and bucket fillers.

e The roles and responsibilities of setting up camp as schoo! is over will be shared
by the JCRs and the lead applicant. Leading up to the event we will need to
secure in kind donations of firewood, camp equipment, cooking pots and huckets
to collect the tree sap.

Provide evidence of commitiments between pariners

Piease attach supporting documents that demonstrate a commitment between the partners who are
applying to share a staff person under this grant.

e For groups of municipalities: You must provide proof of commitment by all partners involved.
Supporting documents may include a Memorandum of Understanding, partnership document,
letters of support from partner organisation signed by the Director, chief administrative officer
or chief financial officer, council resolution, etc.

Note: if working with multiple partners please include the requested information for each partner
implicated in the project. time sensitive deadline{AUG 15) motion presented as a late item at the aug
6 regular council meeting

evidence of municipal council support,

to apply for the grant application it is required that the village council to pass a motion below

whereas inclusion is part of the new code of conduct
therefore 1t be resolved to support councillor fowler™s

draft application to the FCM towards parity demonstration project
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https://ffcm.ca/en/news-media/announcement/wilg/toward-parity-demonstration-

projects? cldee=bXRhdGNoZWxsQHZpbGxhZ2VvZnRhaHNpcy5ib20%3d&recipientid=contact-
f98¢c5392ded9e61181¢c0005056bc2daa-

3309d8f0bal6454e8f7bad534c002bfc&utm _source=ClickDimensions&utm medium=email&utm
campaign=FCM%20Voice&esid=63b0c195-8fa1-e911-80cc-005056bc7996

further support could include...
Approve grant in aid to allow for the use of Pete’s farm,

Confirm opening of gate to allow vehicle parking and ease of access to the Leiner river waterfront.

Part B Description of propesed initiatives

What is the focus and objective of your preposal?
500-1000 words. 35% of score.

Please describe the context and how this initiative will be able to open opportunities for women to
engage in municipal/local leadership.

Feel free to include an overview of the realities, opportunities and potential in the community. Who are
you targeting? What are you hoping to achieve? Why is it important to your community? How will this
impact women in your community?

Note: Higher scores will be attributed to initiatives that also address one or more of the following:

s Initiatives that are targeting marginalised women or women who experience impacts from
mulitiple barriers {including but not limited to indigenous women, racialized women, LGBTQ25+,
young women, etc.)

s Leveraging of resources to expand the reach, impact or scale of the grant (either from the
community or from other funding sources)

¢ proposals that are the right size and scale for the community, that build on the community’s
unique strengths or character and those with high probability of success or replicability

The bucket filler March break campaign school is non partisan and open to all
interested in participatory governance and place making. From spiel to syrup,
integrates all ages and orientations including radicalized and LGBTQ25+ for a
shared goal, to make a local food product, A working group activity, welcome to
anybody, where we will drill some large maples and observe how the sap is
running given the weather.

To engage in an overview of realities for our community [ will quote the
Primary teacher (another great local role model and women leader) told me
when [ was lifeguarding, that “housekeeping sucks the soul.” I believe my own
experience of being a stay at home mom needed to hear someone else articulate
what 1 was feeling. The constant nurturing and monotonous tasks oscillating
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between clean and dirty, care giving was draining my energy and reserves.
Motherhood mimics this theme as [ easily became stir crazy if stayed in the
house all day trying to get ahead on my daily list of chores. Despite seemingly
continuous effort I didn’t seem to been making a dent in the mess or reaching
my goal for the day.

By changing my objective to be more present in the moment (even in the hard
ones) and make things like going to the park or social gathering more of a
priority did I see more value in the efforts I made? This is evident by my own
pursuit of working as a lifeguard for the village so I could take advantage of the
chance to have a change of scenery, to embrace a ambition and aspiration that
was outside of my motherhood identity. I imagine that caregivers of elderly or
infirm people have the same test to incorporate self care into their routines.
My desire to get out of the house in the evenings and talk to other people,
illustrated how isolated I felt as a mother of young children.

Demands of the caregiver are vast and require a hyper vigilant attitude, whereby
repetitive tasks are never complete. To maintain the activities of living 1s a
form of leadership that is rhythmic and cyclical. [ believe the talent and
potential for local women to engage in municipal governance is ripe. In
gathering in a culturally significant outdoor space we can embrace our ploneer
spirit and be brave to express and validate each unique truth, together.

Improved access to information sharing, tools, training and a set of best
practices, regardless of gender can allow empowerment. Informed decision
making requires sometimes comparing apples to oranges and juggling a wide
range of priorities. To dispel negative stereotypes or false perceptions
discourse is required and collection of disaggregated data leads to a more
fulsome intersection of what would otherwise seem unrelated.

Increased support mechanisms to address structural issues that can impede
women from participating in public office. The work life balance includes a
delicate web of daycare, or other family supports or responsibly, with a network
of mentors, practical transportation sharing and normalizing nursing rooms In
public/private spaces. To allow for a democratic system that is welcoming to all
we must evolve to make government policies inclusive. Parental leave,
economic inequity, elder care and stronger ties between minority communities
can lead to more consultation and nuanced decision making.

This program’s title was in part inspired by my child’s junior kindergarten class.
They had a bucket they filled up with pompoms every time the teacher
witnessed an act of kindness, co—operation or inclusion. When the bucket was
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full they had a party celebrating the success of their students creating a
welcoming atmosphere in their class room. It speaks to the way that every
effort (or voice for that matter), albeit small or seemingly insignificant can have
ripple effects and be an important part of the cumulative goal.

I hope to achieve a safe listening space that allows us to offer respite to
caregivers of children, the infirm or elderly. By targeting the personal support
workers, we can empathize with the impacts of multiple barriers. From social
well being to self care we need to gather during the rainy season to counteract
the unconnected feelings that can occur when people segregate and nest in their
individual homes. To sustain a living collective action, whereby many hands
work in unison to make maple syrup we can foster a do-it ourselves, can do
attitude. Further our children can understand the work involved to make
something from scratch, to teach them where things come from before they get
to the store.

Choose vour pitlar

One of Toward Parity’s main goals is to create an action plan that will increase women'’s participation in
municipal politics by increasing opportunities and reducing barriers. At the core of this action plan are
four piltars of action.

Please select one pillar that best describes the proposed activities for the demonstration grant.

O Pillar 1: Improved Access to information: Initiatives that enhance the sharing of information, tools,
best practices, and training; inciudes the collection of disaggregated data for informed decision
making and dispelling of negative stereotypes or false perceptions.

X Pillar 2: Enhanced Inclusion: incudes initiatives that facilitate the participation of ali people,
especially those efforts that strive to reduce systemic barriers {sexism, racism, ableism, etc.),
economic inequality, intimidation and harassment.

G Pillar 3: Increased support: Mechanisms that provide support for some of the structural issues that
could impede women from participating in public office. This can include, but is not limited to,
access to mentership, tools for work-life balance, support for family responsibilities, and practical
supports like child care, transportation, nursing rooms etc.

a Pillar 4: improved governance and structure: Include initiatives that are targeting systems and
policies that are inclusive for all, such as parental leave or elder care. This also includes activities
that improve participation and strengthen consultation with women and minority communities, and
build stronger ties and nuanced decision making.

beseribe where vou see the inltiative having the greatest impact:
run/winflead

Up to 400 words. 25% of score.



Barriers and opportunities can present themselves differently depending on the context of the
candidate or elected official. Please state how your initiative will be moving the needle toward parity by
either increasing the number of women running for local government, winning their campaigns or aimed
at supporting women on council be successful and remain en council.

¢« Run - Increasing the number of women who consider or submit their candidacy. Can includes
initiatives that provide education opportunities about heing engaged in municipal leadership, such as
committees, school board, etc.

s Win — efforts designed to help more women run more successful campaigns and win their candidacy.
This can include campaign schools, training programs, skills building etc.

¢ Lead - address the context or realities faced by women, once they are on council or in local
government, to be successful, have impact and want to remain in local government. Mentorship,
enhancement of work life balance supports, anti-harassment initiatives can also be included here.

Tahsis has a strong legacy of women in leadership, so celebrating the successful
candidates and female mayors would be a good start, I myself have identified Anne
(Cameron as a personal mentor whose truth telling steps I try follow in. [ admired the
way that the late Jude Schooner was calm in her demeanor. The challenge of moving
the leadership needle towards parity must be implicitly seen as sharing stories of our
challenges and accomplishments, the sum of 1ts parts. Holistic approach of building
bridges between identifies and our differences highlight the strength of interwoven
diversity.

When I first ran for municipal council | was pregnant with my second child and |
doubted my ability to juggle all the needs required of me, I lacked the confidence and
support structure to believe 1 could rise to the challenge. I didn’t even vote for
myself the first I put my name on the ballot. Now | understand better how my faults
and struggles can be a journey, that to slowly walk this road, humbly has helped me
to build skilis to persevere to become, all the more resilient. My recent win helps me
comprehend the way to incorporate and encourage varied points of view. To connect
the gaps and participate in a growth mindset | hope to become the best leader I can
be, a role model for my own daughters and to find young people who want to take on
an apprenticeship, The idea of service as passion and amalgamation of work and life
to be a worthy artistic pursuit has lead me down a path of constantly making
calculated, deliberate steps towards a shared goal.

To encourage more minority or female candidates to run, walk, crawl, take chances,
make mistakes from which to learn and to stick there neck out requires us to rejoice
and honour the sacrifices and contributions made by those who came before us. |
know more now, than I did before, new information comes in so [ evolve in my
process. Opening my mind further than [ previously thought possible, bit by bit slowly
filling like a bucket, spilling over my modest expectations. | admire the vision and
tact of those locally | have witnessed doing what they can do to be involved in
goVernance.

Deseribe the anticipated impacts of your propesed initiatives
500-800 words. 25% of score.
8



Describe your vision of the impacts, sustainability and replicability of the initiative. Please include the
probability of a ripple effect or any other anticipated impact of the project.

Objectives for a successful delivery are more about determining various spectrums of
priorities, a variety course of action, oriented to process rather than results based.,
ldeally I think it likely to be a creative journey that will have surprising aptitudes
surface from unlikely talent. Supplementary effects could he the engagement of
indigenous elders and youth and the shared care giving of children at a time when
school it out. The learning continues when the student become the teacher.

The anticipated impact is to have a wide-ranging roll call of candidates for the next
municipal election. Beyond that [ foresee increased assortment of points of view to
more represent the full gamut of situations. To address the economic inequality we
need to adopt a more anti discriminatory attitude, since homeless people cannot vote
without proof of address. In addition to the potential outcome of delicious maple sap,
we can have team building role play which builds empathy for those we would otherwise
generally feel in contrast too.

As a non partisan, all party participatory candidate communication prospect we can
offer a range of skill building sessions. Inclusion campaign school is a chance for using
traditional techniques and liaison between different distinct groups. | hope to attract
people with special needs as well as my peers, the other parents of young chiidren in
the village. The Junior Canadian rangers, a youth group of mainly teenager, together
with the ladies auxiliary, which is predominately composed of seniors, expects to create
a dynamic assortment of attitudes. Further we develop better proficiency at
appreciating and indulging outlooks we would otherwise feel distanced from.

The ripple effect of hosting a March break campaign school is something that requires
as much or as little financial contribution as one has. It can include professional fees
and travel honorariums or can be an intimate gathering of a few hardy folk who didn’t
have a vacation planned. Scalability is flexible and resources can be leveraged to
expand reach. It can be done with in-kind donations and sweat equity as it will reflect
the unique character and flavours of any Canadian region. Finding the right size of
informal networking assembly is an organic progression that will flex dependent on the
circumstances.

In my estimation this bucket filiing/ spring melt initiative is highly replicable and
sustainable. Supplies can be brought from home like buckets to collect the sap in. Many
people in Tahsis have wood heat so we can easily source the fuel to evaporate it into a
thicker sap. I have jars at home if we end up having enough of a finished product to
distribute and have taped as little as one mature tree. Learning about aptitude is a
gradual process, the wisdom of watching and waiting for the right time or conditions. To
make an inclusive process and reduce systemic barriers like sexism, racism and ableism
we need everyone to participate. Without intimidation and harassment we can best
strive for all people to be involved in the development and expansion of the commons.
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Provice & summiary budget and work plan
15% of score.

Attach a summary budget and work plan to this application. Note: the work plan can be a list of activities
and timeline, a simple Gantt chart or a list of key dates with objectives that will result in successful
delivery of the initiative.

Tentative key dates 2019-2020

July 29 secure JCR and ladies auxiliary partnerships

July 31 draft demonstration project application form for FCM towards parity initiative

August 1-5 Circulate to Village of Tahsis council to secure Pete’s farm location of March break gathering
August 6 Village of Tahsis, regular council meeting ; obtain evidence of municipal council support;

August 14 submit application form to FCM women @fcm.ca for Aug 15 deadline

Sept 3 submit grant in aid to open gates of Pete’s farm during spring break

March break sap to syrup, inclusive campaign school with VOT and JCR

9
8 <
7 ‘
' & preparation FCM towards parity |
6 :[ demaonstartion project
application form
5 - .
= host spring break event at Petes
4 farm; sap to syrup
3 ¥ evaualtion of all inclusive
campaign school
2
1
0 4 - . 8
summer fall winter spring
Sept- March

Facilitating donations of firewood , buckets, cooking pots, and jars for finished maple syrup

Invite indigenous elders and youth from the MMFN as well as promote to other groups like PAC,
{parents advisory council} TCGS (Tahsis Community Garden society) Lions Club and Heritage society

Determine which Big leaf maples on the site are the most mature and best to drill a spiel into.
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Spring break -Host base camp for the non partisan ail parties campaign school fireside gatherings
Spring to summer 2020- distribute evaluation forms,
Foliow up on expenses incurred

Thank all involved participants
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Part C: Declaration and signeture

Please review this declaration and have it executed by an authorized signatory of the Applicant. This
declaration confirms that: a) the Applicant understands and will abide by the Federation of Canadian
Municipalities’ (“FCM”) requirements, including those related to funding; and b) the information
provided in and appended to the application is accurate and complete.

1 Sarah Fowler [name}, municipal _councillor
L [title] of the village of Tahsis [organization] (herein
called the “Applicant”), hereby declare, without personal liability and in my capacity as __municipally
elected council member [title] of the Applicant, as follows:

1. That the Applicant will not be able to receive funding from FCM prior to entering
into a legally binding agreement with FCM (the “Agreement”) in respect of the
project being applied for {the “Initiative”) and that the said Agreement will
contain pre-conditions to funding, all of which the Applicant must comply with,
including without limitation:

a. the Applicant having obtained all authorizations required to enter into
the Agreement and carry out the Initiative;

b. the Applicant having obtained assignments of copyright and waivers of
moral rights from any consultants or third-parties who have contributed
or will contribute to reports prepared on the Applicant’s behalf, such that
the Applicant will hold the copyright in all reports related to the Initiative;

c. the Applicant providing reports and consenting to FCM sharing the
lessons learned and experience gained from the Initiative with other
communities across Canada by allowing FCM to publish reports, such as
project completion and final reports, on the FCM website; and

d. the Applicant having incurred costs in connection with the Initiative, and
paid for by the Lead Applicant.

2. That the Applicant will carry out the Initiative in compliance with all applicable
laws and regulations.

3. That the Applicant will confirm to FCM all sources of funding prior to executing
the Agreement.

4. That all of the information contained in this application and in the accompanying
documents is true, accurate and complete as of the date of submission.

5. Thatif any of the information contained in this application and in the
accompanying documents becomes inaccurate, incomplete or incorrect, the
Applicant will provide updated information and/or accompanying documents.

12



6. That the Applicant acknowledges and agrees that changes in scope to the
initiative after this date of application may not be accepted by FCM.

By providing my signature | acknowledge and agree to all statements above.

Sarah Fowler

Full Name (Print)

smfowler

Signature

July 31, 2019

Dote

Note: The information provided in this application, including all attachments, will be kept confidential.
Access to this information will be limited to:

* FCM employees and professional representatives who are involved with your Initiative

s FCM affiliated reviewers
e persons to whom the applicant has granted access and persons authorized by law

The information provided in applications, including attachments, is subject to FCM's Privacy Policy.
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Appendl A. Eligible expenditures

Eligible expenditures are costs considered necessary to support the project. For this CFP, eligible
expenditures include, but are not limited to:

Direct delivery expenditures (considered necessary to support the project)

Travel: Travel expenses shall not exceed the rates for civil servants set out in the National Joint
Council Travel Directive.
Honoraria and professional fees
Materials and supplies
Facilities that are project specific such as room rental for activities
Translation
Engagement of Indigenous Elders
Publicity and promotion
Other:
o Integration expenses relating solely to caring for dependants/children, elderly or
persons with special needs
o Expenses not included in other budget items, such as costs for refreshments/meals
served during key project activities.

Note: All eligible costs are subject to assessment and negotiation.

ineligible expenditures

Ineligible expenditures include, but are not limited to:
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Capital expenditures or equipment, such as a computers, Jand, buildings, vehicles and other
major capital costs;

Salaries, allowances, and benefits for members of a board of directors or other decision-making
body;

Campaign financing

Provide direct service delivery {e.g. hiring additional staff to implement the activity);

Capital renovations and construction;

Activities that take place outside of Canada.

Canada Revenue Agency or payroll penalties;

Budget deficits, debt reduction, organizational reserves or endowment funds; and

Costs incurred before a funding decision is made.



Appendix B: Applicant Evaluation

Note that the lead applicant is the entity {municipality, local government) that is applying for a grant as part of the Toward Parity demonstration
projects and who will receive the funds from FCM if the application is successful. Successful applicants will be required to sign a Letter of Agreement with
FCM outlining the objectives of their initiative and how the funds will be used.

Criteria | Yes No Comments
= |
L The applicant is a local government {or consortium of local governments} and member of X
FCM
| 5 Is work?ng in partnership women'’s organisation, youth group, community group or Not-for X JCR
' profit
The applicant has demonstrated support of its senior decision makers and that of its partner x Expected August 6

3 | as evidenced by a letter, motion or other directive from its Council, Board of Directors, Chief
Executive Officer, President or other relevant official

The initiative increase opportunities for women to engage in municipal/local leadership or X
4 | reduce a barrier that is women in the community are experiencing limiting their
participation.
Links with one of the 4 Pillars of Action: N N Piilar 2 focused

a  Pillar 1: Improved Access to information:
> | @ Pillar 2: Enhanced Inclusion :
a Pillar 3: Increased support:

0 Pillar 4: Improved governance and structure:

6 | Rational and impact on Run/Win/Lead with concrete examples of impact. X Mistakes as learning

.

7 | Outlines the impact, sustainability and replicability of the initiative X
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Criteria Yes

No

Comments

Can commence without

Includes a realistic budget and work plan ) .
financial support
QOptional Criteria: for additional considerations - X Creative fusion

¢ Initiatives that are targeting marginalised women or women who experience impacts
from multiple barriers (including but not limited to indigenous women, racialized
women, LGBTQ25+, young women, etc.}

e Leveraging of resources to expand the reach, impact or scale of the grant (either
from the community or from other funding sources)

e Proposals that are the right size and scale for the community, that build on the
community’s unique strengths or character and those with high probability of
success or replicability

e Link with prioritized areas of intervention — mentorship, increase information,
breaking down informal networking and decision making
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