
Minutes

Meetin

Date

Time

Place

Regular Council
6 August 2019
7:00 PM

Munici al Hall Council Chambers

Present

Public

Mayor Martin Davis

Councillor Bill Elder

Councillor Sarah Fowler (by phone)
Councillor Lynda Llewellyn

Councillor Josh Lambert

MarkTatchell, Chief Administrative Officer

John Manson, P. Eng, Project Manager

Janet StDenis, Finance & Corporate Services Manager

member of the public

A. Call 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 A enda Chan es

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. A rovaloftheA enda

Llewellyn/Elder: VOT 358/2019

THAT the Agenda for the August 6, 2019 Regular Council meeting be
adopted as amended. CARRIED

D. Petitions and Dele ations

None.

E. Public In ut#l

None.



F. Ado tion 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

2 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

3 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 Re ort

None.

Business Arisin

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: 2019 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

of the Municipal Wharf be received.
CARRIED

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 MMFN be invited to attend.

3 McElhanney Ltd: Final Report Tahsis Flood Risk Assessment

htt s: dl. mcelhanne . corn 2019 07 23 uRzB 23 GSJetGl 49140TahsisF
loodRiskAssessmentFinalRe ortCom lete. df

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

Llewellyn/Elder: VOT 366/2019

THAT the Report to Council be received. CARRIED

5 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. CARRIED

J. Council Re arts

Ma orDavis

No Report

Councillor Elder

No report

Councillor Fowler (verbal report)

I have just submitted the "M5" "New Business" so that is my draft
application that I 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, I was hoping that we can
have some kind of resolution to the effect which we can talk to in "M5 .

Councillor Llewell n verbal re art

I was very impressed with the organization ofTahsis Days.

Llewellyn/Elder: VOT 368/2019

THAT these Council reports be received. CARRIED

Bylaws

None.

L. Corres ondence

Tahsis Council letter to Hon. Claire Trevena Re: Meeting with Tahsis'

Council on May 21st, 2019

2 City of Richmond letter Re: Lobbyist Registration

City of Richmond letter Re: Proposed UBCM Resolution- Conflict of

Interest Complaint Mechanism



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

9 Development letter Re; Council's letter of March 6th regarding cellular
service on Vancouver Island.

10 UBCM Re; Gas Tax Agreement Community Works Fund Payment

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

12

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.



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

14 Email from Alien Carter Re: Public Boat 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.

CARRIED

CARRIED

L12

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.
CARRIED

L14 Email from Alien 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



M. New Business

I 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

2 UBCM ORV (Off Road Vehicle) Working Group for Rural Communities

Llewellyn/Elder: VOT 375/2019

THAT this information be received. CARRIED

Llewellyn/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 Delegate and Alternate

Llewellyn/Elder: VOT 377/2019

THAT this Report to Council be received. CARRIED

Llewellyn/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 ofTahsis
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/Elder: VOT 381/2019

THAT to protect the public interest and safety of life and property that
the Village ofTahsis 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/Elder VOT 382/2019

THAT Council approve submitting a grant application to the Structural

Flood Mitigation 2019 program. CARRIED

5 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 In ut#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 Re ort

None.

Ad'ournment

Llewellyn/Elder: VOT 392/2019
THAT the meeting be adjourned at 9:09p. m.

Certified Correct this

3rd Day of September 2019

CARRIED

Chief Administrative Officer



Minutes

Meeting
Date

Time

Place

Regular Council
2 July 2019
7:00 PM
Munici al Hall - Council Chambers

Present

Public

Mayor Martin Davis
Councillor Bill Elder

Councillor Sarah Fowler

Councillor Lynda Llewellyn

Councillor Josh Lambert

Mark Tatchell, Chief Administrative Officer
Janet StDenis/ Finance & Corporate Services Manager

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, Introduction of Late Items and Agenda Changes

Delegation "Dl" to be removed.

C. Acprovalof the Agenda
Fowler/Elder: VOT 34Z/2019

THAT the Agenda for the July 2, 2019 Regular Council meeting be
adopted as amended. CARRIED

D. Petitions and Dele ations

Josie Mlladinovic, Tahsis Community Paramedic Re: Community

Paramedic Program

Good Evening Mayor, Council and staff,

Thank you for the opportunity to share information with you tonight
about the Community Paramedidne in Tahsis,
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My name is Josie Miladinovic, I am a Tahsis paramedic and I am the newly
certified community paramedic for Tahsis and here with me tonight is my
mentor Rachelle Cole, the community paramedic attached to the Uculet

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, outreach 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
THATlhis presentation be received. CARRIED

E. Public Input W 1

Members 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 previous meeting.

F. Ado tion of the Minutes

1 Minutes of the Regular Council meeting held on June 18th, 2019

Llewellyn/Elder: VOT 344/2019

THAT the Regular Council meeting minutes of June 18, 2019 adopted as

presented. CARRIED

G. Rise a nd Re ort

None.
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H. Business Arisini;

Island Coastal Economic Trust (ICCT) - Economic Infrastructure and
Innovation Program (Stage 2) Grant Application
A brief discussion followed.

Llewellyn/Fowter; VOT 345/2019

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

Fowter/Elder: VOT 346/2019

THAT option »1 be approved. CARRIED

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

Llewellyn/Elder: VOT 347/2019

THAT this information be received. CARRIED

Llewellyn/Elder VOT 348/2019

THAT Randy Taylor and Jude Schooner be removed from list "A" as

signing authorities for the Village ofTahsis. CARRIED

LlewelIyn/Elder: VOT 349/2019

THAT Mayor Martin Dgvis, Deputy Mayor Sarah and CAO Mark Tatchell
be added to list A" as signing authorities for the Village of Tahsis. CARRIED

3 Service Provider Agreement for Climbing Wall Volunteers

Llewellyn/Fowler: VOT 350/2019

THAT Council agree to provide liability insurance for contract volunteers
who form the Climbing Wall Volunteers, through the Municipal Insurance
Association's Associate Member Program;
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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 Association of British Columbia. CARRIED

J. Cpu ncll Reports

Mayor Davjs (verbal Report)

I 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. I 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 I got
from that

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

Councillor Elder

No report

Councillor Fowler (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. I 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, I received the following information from Uu-a-thulk fisheries
program with respect to the drought conditions due to low water flow.

Please include the documents for the minutes of public record of fishery
sensitive 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.
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'I've seen increasing evidence of current FRPA legislation failing to
identify, monitor and manage cumulative effects to fish habitat at the
watershed scale.'

River

area km square

average elevation meter's

Lelner river. Perry river, Tahsis

116

744

49

712

77

691

H60 Elevation meter's 860 819 838

average slope % 71.8 69.1 68.5

road density for entire FSW km
1. 19 0. 20

0.67

road density <100m from a stream km2 0. 35 0. 64 0. 07

road density on slopes >60% km2 0. 16 0. 34 0.01

stream crossing density #/km square

portion of stream disturbed km/

portion of fish bearing streams

(5 attachments)

2. 41 5. 13 0. 08

0.04 0.06 0. 00

0 0 0
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Published online, in Wiley Online Library
(Wilttyortlinelibrary.com) DOI: I0.1002/hyp.l0726

A 477-year dendrohydrological assessment of drought severity
for Tsable River, Vancouver Island, British Columbia, Canada

Bethany Coulthard* and Dan J. Smith
Uniwrstty of ViclOriu Tree Ring iM.borafory, Departnient cf Geography, Uwversily of Victoria, Vtctona. SC, Coiwda

Abstract:

Summer streamflow droughts are becoming more severe in many watersheds on Vancouver Jsiand. British Columbia, as a result of
climate wanning. Small coastal basins that are the primary water source for most communities and essential to Pacific salmon
populations have been particularly affected. Because the most extreme naturally occumng droughts are rarely captured within
short itisirumental records water managers likely underestimate., and are unprqiaied for, woist-cgse scenario low flows. To provide
a long-term perspectiveon recent droughts oo Vancouver Island, we developed a 477-year long dendrohydrological reconstruction
of summer strearaflow forTsabIe River based on a networic of annual tree-ring width data. A novel aspect of our Study is die use of
contfcr trees that are energy limited by spring snowmelt timing, Explaining 63% of the instrumentaJ strcamflow variability, to our
knowledge the reconslniction is the longest of its kind Jn British Columbia. We demonstrate that targeting the summer streamflow
componem derived from snowmelt is powerful for determining drought-season discharge m hybrid mnoff regimes, and we suggest
that this approach may be applied to small watersheds ita temperate environments that ar& not , usuaUy conducive to
dendrohydrology. Our findings suggest that since 1520, 21 droughts occurred that were more extreme than recent 'severe' ev&tits
Itke those in 2003 and 2009. Recent droughts arc therefore not anomalous relative to the ~400-year pre-instrumenia) record and
should be anticipated within water management strategies. In coming decades, worst-case scenario natural droughts compounded
by land use change &nd climate change could result in droughts more severe than any since 1520. The influence of the Pacific
Decadal Osdllation on instmmcntal md moddled Tsable Rivn summer streamflow is likely Imked [o the eiihmced role of
snowmelt in detwininmg BUminer discharge duimg cool phases. Copyright © 2015 John Wiley & Sons, Ltd.

KEY WORDS dendroliydrology; drought; low flows; water management; Vancouver Island; British Columbia

Received 4 May 2015: Accepted 21 October 20J5

INTRODUCTION

British Columbia's (B.C. ) temperate rainforest coast is
considered water-rich, but seasonal water scarcity and
streamflow drought often occur during summer when
demand for water is highest and storage is limited
(Stephens et al., 1992). In 20)4 and 2015 many streams
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 warmmg has triggered earlier, lower,
longer, and more frequent low-flows throughout the
coaital region (Rodenhuis et ai, 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. Ministty of Environment, 2013).

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

*CoiTS!ipondence to: Bethany Coulthard, University of Victoria Tree-Ring
Laborattuy, Dcpanmcnt of Geogra[Ay, University of Victoria, Victoria,
British Columbia, Canada.
&-mai): bethanyc@iivjc. ca

communities on Vancouver Island, B.C., and arc also

the most vulnerable to summer water shortages
(Rodenhuis el at., 2007). Both snowmdt and raicfaU
contribute substantially to annual streamflow in hybrid
watasheds (Baton and Moore, 2010). The likeliliood of
protracted drought under future climate conditions makes
an accurate understanding ofworst-case scenario droughts,
based on long-term natural variabUity, crudal for effective
water management in these basins (Pike et al., 2010).

The purpose of our research was to develop a inulti-
century summer discharge (Q) record for a small hybrid
watershed on southeastern Vancouver Island. and to

mterpret the severity of recent droughts within Ihe
context of that record. We used a dendrobydrological
approach, where cUmate-sensitive tree-ring CT^) width
records ser^e as proxies for climate m a paleo-
hydrological model (Loaiciga el al., 1993). Detection
of recent environmental change often requires these long-
term records because natural climatic patterns, such as
the Pacific Decadal Oscillation (PDO), persist over
multiple decades and can obscure climate change effects
(Moore el a;., 2007).

Copyright © 2015 John Wilcy & Sons, Ud.
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K. COULTifARD AND D. J. SMITH

While sureamflow reconstructions based un 'TR data
have been developed for drought-sensitive regions
world-wide, applying traditional dendrohydroiogical
approaches to a small hybrid watershed in a temperate
environment is problematic. First, very flashy rainfall-
driven runoff is often a major contributor to total annual
strearoflow in coastal B. C. (Baton fmd Moore, 2010).
Deiidrohydrological models usually target annual dis-
charge in large watersheds where both nmoff and annual
radial tree growth are relatively unresponsive to 'flashy'
rainfall events (Pedcrson et at., 2001; Boninsegna et at,
2009; Meliti and Woodhouse, 2010; Ymg el at., 2010;
Margolis el at. 2011; Sauchyn el at., 2014). Second,
trees on Vancouver Island are rarely moisture stressed,
although the radial growth of some species is sensitive to
winter precipitaiion as a result of Die energy-Iimjting role
of deep snowpacks (Marcinkowski et a!.. In press).
Dendrohydrologicd studies are usually conducted in arid
environments using trees whose radial growth is limited
by rainfall or snowmelt-derived soil moisture, which
directly influences runoff (Woodhouse el at., 2006). We
circumvent these problems by targeting low-ftow season
streamfluw in our reconstiuciion, a time of year when
runoff is significantly less flashy, is primarily driven by
snowmeh, 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 cxtcnl dial TR records that are
energy-limited by snow could serve as proxies for climate
in a dendrohydrological reconstruction of streamflow. To
date, paleohydrological efforts in B. C. have explored the
utility of annual 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 rt al., 2004; Watson and Lucfanan. 2005: Halt
el a/., 2010; Starheim el at, 2013). No prior attempt has
been made to develop seasonal reconstmctions of the
hybrid straams that are myst susceptible to drought in
coming decades.

We use the tenn 'drought' to mean streamflow drought, 01-
below-nomml stream discharge, acomponent of hydrotogical
drought that often also coincides with reduced groundwater
availability (Van Loon and Laalia, 2015). Consistent with
B. C. government management practices, 'drought7 refers to

below-nonna] stream runoff persisting over a period of
consecutive months (B. C. Minulry of Environment, 2013).

RESEARC11 BACKGROUND

Large precipitaiion and temperature gradients characterize
most watersheds on Vancouver Island. Winter stonns
originating in the North Pacific Ocean bring moisture to

Copyrighl © 2015 Tolin Wiiey &. Suns, Ltd.

the west coast of the island, where orographic lift results
in deep snowpacks at high elevation and large quanlities
of rain in lowland areas (StaM el id., 2006). Rain shadow
effects on the east side of Vancouver Island result in drier
conditions in lowland coastal regions (Rodenhuis et al.,
2007). Summers are warm and dry, and dominated by
persistent high-pressure systems (Rodenhuis el at., 2007).
Seasonal hydroclimalic 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 Ei Nino
Soulhem Oscillation (ENSO), and the Pacific North
America (PNA) pattern have a particular influence on
regional streamflow (Kiffney el al., 2002).

Hybrid streams on Vancouver Island are found
primarily in mid-elevation coastal and near-coastaJ areas
where mean watershed elevations are not high enough to
be fully nival (Baton and Moore, 2010). Hybrid streams
experience highest mean monthly flows during winter
rains, followed by a significant pulse of runoff from
snowmelt in spring. Lowest monthly flows occur during
summer when discharge is governed by snow meltwater
inputs, nominal summer precipitation inputs, and losses
related to high summer air temperatures and evaporation
(Baton and Moore, 2010). Snowmelt can significamtly
recharge deep groundwater flow pathways to augment
summer bascflow in the study region, even if only a small
snow fed headwaua- is present (Moore el at, 2007;
Beaulieii et al., 2012). Above average minimum summer
discharge is therefore often coincidenl with deep
snowpacks that develop during cool and wet La Nifia
years, especially when enhanced by cold phases of the
PDO (Fleming et at., 2007). The proportion of rainfall-
derived versus snowmelt-derived ninoff varies from year
to year in accordance with fluctuations in winter
temperature, so that annual flows in hybrid regimes can
be more pluvial' or 'more nival' in any given year
(Moore el at, 2007). A Ugh belween-year range in
monthly flow totals is typical (Moore el at., 2007).

In the south coastal region of B.C, annual minimum
streamflow has decreased in hybrid watersheds over the
last 30 years, with low-flow magnitudes projected to
decline by up to 50% by the end of the century as a result
of seasonal climate trends (Rodenhuis ef a;,, 2007; Mantua
et a!., 2010). Winters have become milder and weiter. with

less winter precipitation falling as snow and more as rain,
and more frequent rain-on-snow evcTily. As a result, less
snow meltwater is available to buffer low stream discharge
during the dry summer months (Pike el al., 2010).
Projections suggest that nival flow contributions will
weaken or become non-existenl, eventually shifting many
hybrid systems to more pluvia) regimes (Eaton and Moore,
2010). Summers have become warmer and drier addiUon-
ally drawing-down summer flows (Pike el at., 2010),

Hydro!. Process. (2Q15)
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DENDROHYDROLOGICAL DROUGHT ASSESSMENT, TSABLE RIVER, VANCOUVBR ISLAND

STUDY SITE

The Tsable River watershed is a small (113 tan2) hybrid
basin located on the eastern slopes of the Beaufort Range
on central Vancouver Island, in the rainsha<Iow of the

Vancouver Island Ranges (Figure 1). With a maximum
basin elevation of around 1 500 m asl, a significant portion
of precipitation within the watershed falls as snow above
1000m asl (Baton and Moore, 2010). Tsablc Lake
(~ 1km2) and several smaller lakes are located with the
basin. Draining east to the Strait of Georgia, the lower
reaches of the watershed are located within the dry
Coastal Douglas Fir Zone, transitioning from the Coasta]
Western Hemlock Zone, to the Mountain Hemloctc Zone

and Alpine Tundra Zone with increasing elevation
(Klinka el ai, 1991). At high dcvadon (1000-1500m
asl) the growing season is short and cool, with very deep
snowpacks often persisting into the spring and summer.
Mountain hcmloclc fTM; Tsuga mertensiana (Bang.)
Camfere) trees are dominant, with sub&lpine fir {Abies
tasiocarpa (Hook. ) Nutl. ) and amabflis 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; Baton
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

(Figure 2). 'In recent years, Tsable River sununer baseflow
has been far below optimum for the river's populations of
chum, echo, and pink salmon, and resident and
anadromous steelliead and cutlhroal trout (B.C. Conser-
vation Foundaticn 2006). Despite conservation efforts,
low-flows have degraded stream habitat to the extent that
the wild steelhead stock has Ukely been extirpated since
the early 2000s (Lill, 2002; Silveslri. 2004).

DATA AND METHODS

Hydrofnetric and climate data

Only three hybrid streams on Vancouver Island have
>50 years of natural and continuous instnimental 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 sacb as
lakes and wetlands. We downloaded monthly discharge
data for Tsable River from the Water Survey of Canada
(http://www. wsc. ec. gc. ca/applications/H20/index-eng.
cfm). Missing values (1% of the data) were replaced with
long-term monthly means (station code 08HB024; gauge
location latitude: 49.517, longitude: -124.841, elevation:
I m asl). We used the average flow from July to August
for our reconstruction because the regional hydrological
literature suggests thai stream discharge is significantly
correlated with previous winter SWE during that season
(Rodcnhuis el at, 2007; Etton and Moore, 2010). The
JuIy-August streamflow data, hereinafter 'summer

A I < ?k
'STys^.'
'ys^:.

. =^=-7:^.^^,«*St)

"'"wtiii
'' ^SSSSi»-

'**-? '"s-.'.?-"^''
.. .^ ---.^-.yj--^

^wetf^'i;.:.. '-. 2. i>' 'i'A..^1'"5'^^?
.^-?&^^-s7^;3
'. SSM^. ^i&-!{^'"

B
, /---'s,

%̂
r-%.

<>A'"'V

Legend

Norih Ihl Cbroixilotiv

Cunlrdl Is) Chronoli>yy

Mt. t, 'wn I'hrorKttoyv
+ Sninv Mirvvy *iik'

^) Isulilt: ki\t:i v. iiji.-rKhcJ
.Strc. iDi

0 I ;.kf
[*} liiubtu Ri\cr yauyt;

Suait^-vl?
(^Wgiu

^..-"^g^^^
^t;i^w

Pacific Uccan - >11 \w

Ktlti'ntttnct

Figure 1. Map of the study area. (A) Vancouver Island. (B) Tsable River watershed 263 x 186 mm
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streamflow' data, span the interval 1960-2009 and were
normalized using a log] 0 iransformation.

May 1 SWE records collected at Uie Forbidden Plateau
mmual snow survey site (data period Fcbiuary-May
1958-2014; station code 03B01; latitude: 49.653, longi-
tude: -125. 207, elevation: 1100m asl) were retrievtd
from the Water Survey of Canada (hltp://al00. gov.bc.ca/
pub/mss/stationdata.do?slation=3B01). May 1 is gener-
ally the maximum annual SWE measurement in the
Forbidden Plateau dataset. We estimated monthly
maximum temperature and total precipitation anomaly
records on the coordinates of the Tsable River
hydromelric gauge sil« using the programme
ClimateWNA, ver. 4. 83 (Wang el at., 2006; 2012).
The programme downscales PRISM (Daly et al., 20B2)
monthly data (2. 5 x 2.5 arc min) based on the reference
period 1961-1990. We compared the gauged and
reconstructed slreamflow records with NOAA Multivar-
iate ENSO Index ranks (http://www.esrl.noaa.gov/psd/
enso/mei/) and standardized values of the PDO index
downloaded from ihe NOAA Earth System Research
Laboratory website (http://www. B8rl. noaa. gov/psd/data/
climate indices/lisl/). Winter (averaged October-March)
PDO data were used because year-to-year variability in
the index is most energetic during those months
(Mantua, 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 annual radial growth of high-
elevation conifer trees is often energy limited as a result
of variations in snowpack depth (Peterson and Pctcrson,
1994). Snow may conlrol the timing of the start or end
of [he growing season and, tberefore, total growing
season length through its influence on soil temperatures,
which warm rapidly after snowmdt (Graumlich and
Brubaker 1986). This climate-radial tree growth rela-
tionship is well-documented in monnlain hemlock trees
(Graumlich and Brubaker. 1986; Smith and Laroque,

Copyright © 2015 John Wiley & Sons, Ltd.

winter rains outweighed runoff from spring i;nuwm?h

1998; Laroqne and Smith, 1999; Gedalof and Smith,
ZOOla; Peterscm and Peterson, 2001; Zhang and Hebda,
2004; Mareinkowski et at.. In press) and field
observations suggest amabilis fir trees typically initiate
leaf and shoot expansion shortly after snowtnelt
(Womdl, 1983; Hansen-Bristow, 1986).

TR width data was compiled for one amabilis fir stand
and eight mountain hemlock stands located on central and
northern Vancouver Island (Figure I, Table I). These data
were selccled because they provided the longest poten-
tially SWE-sensilive TR width records. Crossdated
amabilis fir TR width measurements collected by R.
Parish al Mt. Cam in 1999 were acquired from the
International Tree-Ring Data Bank websitc (hllp://www.
ncdc. noaa. gov/dala-access/palcoclimatology-data/
datasets/tree-ring). Mountain hemlock samples were
collected between 1996 and 1998 by removing two cores
with a 5.0-mm increment barer from trees at standard breast
height. Ring widths were measured using WinDENDRO
Ver 6. 1b (WinDEN7DRO, 1996: Laroque, 2002). In 2014.
Ihe measuremencs were crossdated visually (list method)
and statistically verified using the programme COFECHA
3.0 (Holmcs, 1983; Orissino-Maycr. 2001). Ill some cases
physical samples were missing from the archived collec-
lions. Because crossdaling was not possible without
physiuil specimens, only a subset of the original samples
could be used for each si(e. As a resull, sampje sizes per site
were very low in some cases (Table I).

Tree-ring chronologies were developed using the R
package dplR (Bnnn, 2008). We removed long-term
biological growth trend from the TR data by fining a
100-yeai cubic smcmthing spline with a frequency cutoff
of 50 to each TR series (Cook and Petera, 1981).
Dimensionless growth indices were produced by dividing
ring-width measurements by the expected value 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 (Fritts, 1976).
We fit an autoregressive model to the data to remove
persistence, wi!h the model order defined by minimiza-
lion of the Akaike Infomiatioii Criterion. Only residual
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Table I, Tree-ring chrmmlogy infonnation. Chronologies in bold font were Eiilercd as candidate predinors in the forward stcpwisc.
mode]

Chronology

Bulldog Ridge3
Castle Mourrtam3

Colonial Creek3

Silver Spoon
N. Isl. Regional"
Mt. Appsa
Mt. ATTOwsmith"
Ml. Washington2
Cream I^ake
C. L.1. Regional"
Mt Cain"

f? Lat/Long Etev (m >sl) RSAR° Lcnglli (years) Serits (*) Trees (#)

I 50.28 -127.24
2 50. 45 -127J2
3 50.28 -127.46
4 49.98 126. 67

49.44 -124.96
49.24 -124.59
49.75 -125.30
49.+8 -125,53

S0.22 -126. 35

1010
1150
990

1100

1340
1460
1470
1340

1005

0.22
0. 32
0. 29
0. 37
0.26
0. 29
0. 33
0. 42
0. 36
0. 30
0.31

1845-1997
1845-1997
1940-1997
1955-1996
1630-1997
1795-1996
1575-IW
1795-1996
1525-1995
151U-1197
1520-1W9

Mountain hem]ock.
Amabilis fir.

d >!ean ̂.orrelat10n cocfficj<;nt affiong T& series, calculated from ihc detreiided residual du-onology.
Meai] first-order autocmrelatjon calculated using programme COFECHA, prior to autoregressive moifcUing.

9

10
7

II
37
40
11
15
29
95
64

6

7

5

8

28
22

8

12
18
61
34

0.72
0. 75
0.76
0. 66
0.72
0.63
0. 72
0. 68
0, 68
0.«8
0.83

chronologies estimated by this procedure were used in
the subsequent analysis (Cook and Holmes, 1986). Series
were combined into single representative isite-level>
chronologies using a bi-wcight robust me<m estimalion
(Mosteller and Tukey, 1977). Where two or more series
were included from one tree, we averaged them prior to
inean chronology estimation in order to weight individ-
ual trees equally. We dclcnnined the adequacy of the
sample size for capturing the hypothetical population
growth signal by calculating the expressed population
signal (EPS; Wigley el ill., 1984), and Iruncated the
chronologies where EPS < 0-80. Because of the low
number of samples per site, we aggregated the records
into regional chronologies where site-level chronologies
were significanlly intercon-elated. This significantly
extended the lengths of our TR records by enhancing
signal-to-noise ratios in the early part of the record. The
methods used 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 lime series in ihis shidy. All tests of association
were CDnducted over the longest common mlerval
between datasets. We used carrelation tests to determmc
whether the site-level and regional TR chronologies were
significantly linearly correlated with the gauged summer
streamflow data, with Bonfemmi corrections applied for
repeated testing (Dunn 1961). Tbs temporal stability of
relationships in non-overlapping data subperiods was
tested using a difference-of-correlations test that employs
a Fisher's 2 transfomiation of correlations (Snedecor and
Cochran. 1989). Long chronologies that were significant-
ly (p < 0. 01) coirelated with summer streamflow over the
full length of the streamflow record were retained as
candidate model predictors.

Cttpyright © 2015 John Wiley & Suns, Ltd,

Hydroclimafe relationships

To determine the climatic variables controlling summer
discharge in TsaUe River, and to justify a SWE-bascd
reconstruction model of the river, we tested correlations
of the gauged summer streamflow data with various
monthly and seasonal climate data records. Effective
sample sizes (Dawdy aid MalaJas, 1964) were used as
needed in testing the correlations for significance, lo
adjust for persistence in the individual time series.

To assess the influence of snow on runoff. we tested
the umriation of gauged summer slreamflow data with
cun-enl and previous year May 1 SWE values. We
applied the previously described difference-of-
correlations test (Snedecor and Cochran, 1989) to
determine if there is a significanl change in the
relationship behveen streamflow Mid SWE before and
after the 1976/77 FDO shift (Mantua, 2002). Because
high summer streamflow is usually associated with
enhanced snowmelt in hybrid streams (Baton and
Moore, 2010), we checked that low summer streamflow
years are also influenced by meltwater by sorting the
gauged summer streamflow data into lowest, middle,
and highest terciles, and calculating Pearson's correla-
lions between the snnuner streamflow and May 1 SWE
values within each tercile.

Conrelations of gauged summer rupoff with monthly
and seasonally aggregated temperature and precipitation
data were calculated using the programme Seascorr
(Meko el al., 2011). Seascon- estimates confidence
intervals on the sample correlations and partial correla-
tions by a Monte Carlo simulation of the flow data by
exact simulation (Mcko el at., 2011). Correlations of the
gauged summer streamflow data with maximum temper-
ature data were tested in 1- to 6-munlh intervals, with
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intervals ending in each month of the 14-month period
beginning iu July of the previous year and ending in
August of the current year. Partial correlations were ihen
calculated to determine if annual, and especially summer,
precipitalion makes a significant contribution to summer
runoff dial is indepeiident of the temperature influence.
We also tested monthly md seasonal correlations between
the temperature and precipitation data in the same
seasonal and monthly groupings. Relationships to climate
in the previous year were evaluated because we were
curious whether they influence currait-year summeT
runoff as a result of hydrological lag effects in the
groundwater system.

Model esnmaiion

The rcconsmiction model was cstimaled by forward
stcpwise multiple linear regression of the summer
streamflow data in year f on the pool of candidate
predictor variables in years ;, f+1, and >+2. Lagged
predictors were entered to allow TR information in
subsequent years to inform on climate conditions in the
given year (Cook and Kairiukstis, 1990). We evaluated
regression models based on a suite of statistics widely
used to evaluate tree-ring based environmenlal recon-
slructions. The adjusted R2 statistic provides a measure
of (he explanatory power of the models accounting for
lost degrees of freedom. Analysis of the mudel
residuals, and the Durbin-Watson (D-W) and variance
inflation factor (VIF) slatistics, were used to check the
model 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
model calibration, We used leave-one-oul (LOO) cross-
validation (Michaelscn. 1987) to validate the models
against data that were not used in the calibration. This
approach allowed us to use the full 37 years of
corresponding streamflow and TR data for the valida-
lion procedure, which was imponant given the
relatively short calibration interval. We calculated
cross-validation statistics by comparing the predicland
gauged summer slreamflow dala with the LOO.
estimated values of the predictand. The reduction of
error (RE; Frills el at., 1990) provides a rigorous
measure of model skill, with a positive value indicating
that the LOO estimates better predict instrumental flow
data than the mcm of the instrumenta] data. The root
mean square error of cross-validation (RMSE») gives a
measure of the uncertainty of the predicted values over
the verification period. The Pcarson correlation (r) and
R2 of the observed and LOO-estimated values provide
additional measures of accuracy (Cook and Kairiukgtis,
1990). The be&t model was calibrated over the fuU

Copyright © 2015 John Wiley & Sons, Ltd.

instrumental streamflow data record and used lo
reconstruct historical summer slreamflow over the
length of the shortest prediclor dalaset. We back-
Iransfonned the remnslructed 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 reconstructed flow data over
Ihe full instrumental data interval. To confirm that they
operate as proxies for climate in our paleohydrological
model we tested whether the model predictors are
correlated with May 1 SWE and/or spring/summer
maximum temperature. Correlations with temperature
were calculated with Seascorr using the procedure
described for hydroclimalc currelations.

Analysis of the reconstruction

We compared statistical properties of the reconstructed
record in the separate pre-instrumental (1520-1959) and
instmmcntal (1960-1997) periods, with those of the
ganged summer streamfiow data. This comparison
allowed us to determine if the pre-instrumental recon-
slrucled record differs from reconstmcted record during
the mstrammtal era in my significant way, and also
allowed us to assess Ihe capacity of our model to
approximate statistical chmacleristics of actual Tsablc

River summer streamflow. ExU-emc single-year droughts
were defined based on a bottom fifth pereentile ihreshold
of summer slreamflow, calculated based on the full
reconstruction data period (1520-1997). Drought timing
and magnitudes were then plotted as depanures from he
reconstructed mean summer slreamHuw calculated from
the Tnstrumenral period. Comparing reconstructed values
in the pre-instnimental and instrumental perioda puts
extreme historical droughts in the context of recent
conditions without making unequal comparisons be-
tween TR-modclled streamflow data and gauged
streamflow data.

We calculated the relum interval of extreme droughts
following the equation of Mays (2005) and used Chi-
squared analysis to test if ihe frequency of these events in
the gauged summer streumflow record (1960-2009)
differed ftom an expected frequcDcy of five events per
lOOyears (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
Stretches of generally low runoff. so we assessed the
number of years uf below median runoff over a sliding
21- year window. To determine whether reduced summer
nmoff corresponds with enhanced overall runoff variance,
we visually compared extreme droughl timing and
intervals of generally low discharge with a sliding 21-year
average of the standard devialions of the reconslructed
summer strcamflow values.
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The gauged and reconstructed summer streamflow
records were compared with instrumenta] ENSO and
PDO records lo investigate the influence of large-scale
climate modes on droughts and wel episodes. A test of
proportions tNewcombe, 1998) was used to determine if
the proportion of years with below-mcdim (or above-
median) runoff during El Nino years equals the
proportion of years with below-mediiui (or above-
median) nmot'f during weak- and non-El Nino yea-s.
The strength of El Nino/La NiHa in a given year was
based on NOAA Mulovariate ENSO Index ranks. The
same difference-of-correlations test (Snedecor and
Cochran, 1989) was used to detemrine if coirelations of
the winter PDO data with the gauged and reconstructed
streamllow records are significantly different during cool
versus waim PDO phases. Effective sample sizes (Dawdy
and Matalas, 1964) were used as needed to accounl for
autocorrelalion in the individual time series. A Model
wavelet analysis frorrence md Compo, 1998) was
performed on the full reconstructed record to highlight
localized fluctuations of power over time that may be
associated with climate modes.

RESULTS

Tree-ring dafii

We developed eight site-level mountain hemlock
chronologies and one silc-level amabilis 111 chronology
for this study (Table I). Four significantly intercorrelated
(mean r=0.753, p< 0.01) mountain hcmlock chronoln-
gics were combined into a regional chronology
representing northern Vancouver Island, and four signif-
icantly intercorrelated (mean <-=0. 841, p<0. 01) moun-
lain h&mlock chronologies were combined into a regional
chronology represenring the central part of Vancouver
Island. Consolidating short sile-level chronologies en-
hanced chronology sample depflis to the extent "that the
regional chronologies could be used for dendroclimatic
reconstruction. Chronology lengths for the final chmnol-
ogres rmged from 367 to 487 years and mean comslation
coefficient among TR series (RBAR) ranged from r = 0.26
to . ?. ^rable ^' An c'hro'i°losics were significantly
(p<0.0l) correlated with the gauged summer sireamflow

data (r ranging from 0.466 to 0. 867). The two regional
chronologies and Ihc Mount Cain amabilis fir chronology
were retaiccd as candidalc model pn-dictors.

Hydroclimate relaticmships

Of the monthly and seasonal climate data tested, the
Tsable River gauged summa- streamflow data are most
strongly correlated witli current-year May 1 SWEfTableU),
a positive relationship thai is stable over ihe over the
1976/1977 PDO shift (Mantua. 2002). This relationship is
also significant (p < 0.05) in the lower and upper, but not
middle, terciles of the gauged data (lower tercile: n = 17,
r= 0, 529, upper tCTcilc: n = 17, r= 0.552). The gauged data
are also negatively correlated with maximum temperature
ill March through August of die currenl year (Table D,
Figure 3) and, IndependenUy, with winter precipitalion
but not summia-predpitation (Figure 3). No relationships
to climate in the previous year were significant. Pmel B in
Figure 3 indicates that temperature and precipitalion data
are significantly negatively correlated in July through
October and May through August.

Model estimauon and reconslniction

A reconstruction that used the central island regional
chronology in time / and Ml. Cain amabilis fir chronology
in time I was selected as the best model

6 - 2.05 - (0.993*cewn»; island TRs)
-(0.527* Ml. Cain TRs)

Time plots of the chronolngies are presented in Figure 4.
Despite similarities between the predictors, the stan-
dardized coefficients indicate thai the amabilis fir
chronology contributes significanl additional raplanato-
ry power lo the model (beta =-0. 33) relative to the
central island chronology (beta=-0. 60). The recon-
structed record spans 1520-1997 and explains 63% of
the variance in the gauged Tsable River summer
slreamflow data (1960-2009) accounting for lost degrees
of freedom. The reconstructed and the gauged
streamflow data are compared in original slreamflow
units in Figure 5A. Regression and cross-validation
statistics are summarized in Table HI, and a time plol of

Table II. Hydroclimate correlations

Central Isl. TM Ml. Cain AA

Q(JA)
Ccnlral Isl. TM
Ml. Cain AA

Cureni year in capital letters.
For a]J cum-Ialions p < 0.01.

. 0.75 -0.61
0.46

SWE

May 0. 70
May -B.58
May -0.53

Max T

Mar-Aug -0.61
Mar-Apr 0.41
Jul-Aug 0. 36

Copyright © 2015 John Wiley <fe Sons, Ltd.
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Figure 4. Time plot of trec-ring chronologies used as model predictors.
EPS values are plotted with a hatched line

the cross validation is presented ill Figure 5B.
Collinearity diagnostics indicate that predictors are
adequately independent, and the P-ratio indicates a
statistically significant regression equation. The positive
RE value is very' similar to the validation R2, and the SE
value approximates that of the RMSE,, suggesting a
well-validated model. The LOO-generated predicted
values of the predicland are significantly and strongly
(r=0.62, p<0.01) coirelaled with the gauged summer
streamfiow data. Analysis of regression residuals
indicated that Ihe models do not violate regression
assumptions. The chronologies arc significantiy
(p<0. 01) correlated with the gauged summer
streamflow data over the full period of that record
(Figure 5C, Table II).

Copyright © 2015 Juhii Wi]ey &. Sons, Ltd.
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Figure 5. (A) Time plot of the reconstructed (hatched line) and gauged
fsolid line) summer strcamflow data, backtran&fomiied to original flow
units, over the model calibration period. The instrumental dara cxteod to
2009. (B) Time plot of the cross validation. The solid line represents the
gauged (transfoimed) Ktrcamflow data, and ihe hatched line represents the
LOO estiinatcs. (C) Scatterplots of (lie linear assoeiatitms of the L'entral
island rcgionaJ chronology (above: /?'''=-0, 56S) and the Mount Cain

chronology (below: R =-0, 373) with the predicUmd streamflow dala

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 III. Reconstruction and cross-vaj'idation siaustics

Adj. K2 D-W V1F SE F-ratio' RE RMSE.1' r° if'

0.63 2. 08 1. 27 0. 16 32. 86 0.62 0. 16 0. 79 0. 62

Significant at the. 99% level.
Derived from iransfcumcd flow (unitlcss).
Crose-validation r (p < 0,01).
Cross-validation Rz.

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

Analysis of the reconstmctioii

The cross-validation tune plot exhibits strong coher-
cnce between the gauged summer sh-camflow data and the
LOO-estimaBd values (Figure 5B). While the magnitudes
of both high and low flows are over and underestimated at
times (for example, the magnitudes of the three lowest
flows are underestimated), (he modelled data track the
instrumental data well overall.

Generally, our reconstruction describes very high year-
to-year variance typical of a small hybrid slreamflow
regime that shifts intennittently from more pluvial to
more nival states, and where variance is nol smoothed by
hydrological lag over multiple yeare (Figure 6). Autocor-
relation function plots indicate that neither the gauged or
reconstructed summer streamflow data are significantly
autocorrelated at lags 05 years. 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 values and slandard

variances are similar in the gauged and reconstructed
records, the gauged nunimum/maximum values are
slightly lower/higher than the reconstructed values
fTable IV). A scatterplot of the standardized residual
values against the gauged summer streamflow data, as well
as the width of the reconstruction 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. 67m3/s) are plotted in Figure 6.
Tw&nty-two extreme droughts occurred prior to the
instrumental record, with a 20 year return interval (Figure
6, Table V). The most extreme droughts recorded
occuired in 1651, 1660, and 1665, with an unusual
clastci of seven drought years occurring between 1649
and 1667. Only once in the last 440years 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-
mentai period mean discharge (Table V).

Table IV. Gauged and reconstructed strcamflow statistics

Streamfiow data
mm mean max

(m3/s) (m'/s) (m3/8) cv" r,'

Gauged 0.9
Reconstructed 1.3
(instrumental period)
Reconstructed 0.7

(pre-instiumenta] period)

4.4
4.2

18.6 0. 53 -0. 11
13.4 0. 69 -0, 12

4. 1 13.3 0.54 -0. 11

I4't.

^

Coefficient of variatioiL

First-order autoconrelation coefficient. None significatit (p < 0.05) for
lags 1-15.

1950 2000
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Table V, Pre-instrumenuil bottom fifth percentilc low-flow timiiig
and miignitudes (regular font), and gauged flows falling below the

reconstnicted bottom fifth percentile threshold (bold font).
Presented in order of severity'

Year

1992
1651
1660
1665
I860
) 593
1792
1834
1915
1985
1562
1941
1868
1839
1704
I«74
1780
1543
1655
1977
1666
1667
1905
1565
1591
1996
2UU3

Departure
(m'h)

-3.33
-3.21
-3. 14
-3. 11
-2.98
-2. 93
-2.92
-2.91
-2. 89
-2. 86
-2. 88
-2. 81
-2. 76
. 2.75
-2. 70
- 2.69
-2.66
-2.65
-2, 65
-2.65
- 2.62
-2.62
-2.60
-2.58
-2.58

2.58
-2.58

Mean
July-August
flow (m /s)

0. 91
1. 03
1. 10
1. 13
1. 30
1. 31
1. 32
1. 33
1. 35
1.3S
1. 40
1.43
1.48
1. 49
1. 54
1.55
1,58
1, 59
1.59
1. 59
1. 62
1, 62
1. 64
1.66
1.66
1.66
l.«6

% of
reconstructed

instrumental

period
mean Q

21
23
25
26
29
30
30
30
31
31
32
32
33
34
35
35
36
36
36
36
37
37
37
38
38
38
38

Departure frora the reconstnjcted instnimenta] period mean (4.24 m/s).

Gauged summer streamflcw values also fell below (he
bottom fifth percentile threshold in five years (1977,
1985, 1992, 1996, and 2003; Figure 6, Table V). The Chi-
squared anajysis indicated that the frequency of extreme
droughts in the gauged record does nol differ from the
expected frequency (Chi-squared=4.69, ^=0. 10). We
have reported the magnitudes of extreme instrumenta]
droughts in terms of their departure from the reconstnic-
tion mean over the instrumental period which is a
slightly unequal comparison because the instrumental
period was omitted from the calculation of the bottom
fifth percentile threshold.

The number of years where sununej- streamflow fell

below the median value of the full-period reconstruction
is plolted over a 21-year sliding window in Figure 6.
Each valu& in Figure 6 represents the central value of the
sliding window. The plol makes it possible to identify
periods of time when summer strcamflow was either

high or low overall relative to the m&dian, despite the

very high ycar-to-y&ar variance dominating the recon-
sti-uction. Periods of overall lower flows occurred from

Ihe mid-1560s to late 1500s, 1650-1720, 1770-181B.
and 1905-1941. Visual comparison of these periods
with intervals of higher year-to-year summer streamflow
variance, highlighted in Figure 6 by the sliduig-mean
standard deviations, does not suggest any relationship of
generally higher/lower summer streamflow with higher
overall variance.

Neither the gauged or reconstructed summer
streamflow records exhibited differences in the number

of below Cabove)-median flows during El Nino versus
weak- and non-EI Niflo years (Table VI). Both records
were significantly correlated with winter PDO over the
full common data interval (r=-0. 47 and r=-0. 23
respectively, p«1.0l), although the reconstructed
record exhibited a weaker relationship. Relationships
with winter PDO were stronger during the eariy/cool
phase (1960-1976; r=-0, 57 and r= -0.47 respective-
ly, p< 0.01) than the lale/warm phase (1977-1997;
r= -0.30 and r= 0. 11 respectively, p<0.01), but the
difference between correlations in these periods was not
statisticaJly significant fw either record. The wavelct
power spectrum identifies repeating, but not necessarily
regular, fluctuations (energy) in the lime series over
time (Torrence and Compo, 1998). The reconstnjcted
streamflow data (Figure 7) exhibits significant (p < 0. 01)
energy in the approximately 2, 4, and 8-ycar bands thai
is intermittent over time» and energy in the approxi-
mately 15-30 year band that is more persistent over
lime, including throughout the mid- 1600s, 1800-1850,
and 1960-1980.

Table VI. Test of pmportions delermjning associations of
instrumental and reconstructed fiow data to El Nino events,

calculated over the period 1960-1997. Calculated using funcUon
prop. lesi in R. Proportions of years in each streamflow category
noted in parentheses, The null hypothesis that both groups have
the same true proportions was true for all tests, with p values

ranging around D. 32 [average)

Streainflow

category

Instrumental

flow data
Below median
Above median
Total
Reconstructed
flow data
Below median
Above m&dian

Total

» El Nfflo
years

9 (40, 9%)
)3 (59. 1%)
22 (100%)

8 (36. 4%)
i-t (63. 6%)
22 (100%)

# non-EI Nino

years

10 (62. 5%)
6 (37. 5%)

16 (100%)

II (68. 7%.)
5 (31. 3%)

16 (100%)

ft B Nine
and non-Rl

Nine

years

19 (50%)
19 (50%)
i8 (100%)

19 (50%)
19 (50%)
38(100%)
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DISCUSSION

Reconstruction model

Our reconstruction effectively estimates July-August
streamflow m Tsable River based on two TR-derived

proxy records sensitive to reglonal-scale SWE variabil-
ity. Correlation analyses indicate that runoff during this
season is driven principally by snowmeU, 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/Aummer
maximum temperatures supports the interpretation that
Tsable River is characterized by a hybrid hydrological
regime. Tercile correlations confirm that low
streamflow values, not just high streamflow values,
are influenced by snowmelt. The gauged streamflow
record is also influenced by summer temperature
fluctuations which can impact ninoff because uf the
large relative influence of evaporation on small basins
(Margolis et al; 2011). Some tempcrature-related
variability may be incorporated into the reconstruction
because the two predictor TR chronologies are influ-
enced by temperature in the spring and summer,
respeclively. The model residuals are correlated with
maximum temperature during March (-0. 42, p<O.OJ)
but not during summer months, suggesting summer
temperature related variability from the Mount 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 TR& and streamflow, which may
reduce model accuracy (although the TR-temperature
relationship is notably weak; r= -0. 36, p <0. 01).

Finally, the instrumental streamflow data are influenced
by winter rainfaU 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 die
accuracy of the reconstruction. A pos&ible limitation of
our reconstruction is that cross-validation statistics can be

biased upward when the cross-vaUdation period is short
(Meko, 2006), although the cross-valid ati on time plot
indicates a strong model validation.

Our reconstruction is primarily 'tuned' to SWE-driven
runoff variations. However, we found that the gauged
summer streaniflow data are also influenced by
spring/summer maximum temperature. The inability of
our model to fiilly capture temperature-driven summer
iitreamflow variability likely contributes to general
underestimation of the severity 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 mcorporation
of a summer temperature-sensitive proxy in a similar
model may improve the accuracy of low-flow magnitude
estimations and, given the non-indcpendence of temper-
ature and precipitation fluctuations during summer, might
also enable a model to account for some portion of
variability in summer precipitation.

As is typical in TR-based regression, our model does
not capture the full range of instrumental streamfiow
variance (Table IV; Cook and KairiukStis, 1990). We
emphasize that as a result, 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
worst instrumental droughts are alt underestimated in
the cross-validated and reconstructed data (Figure 5A,
B), We have also reconstructed mean, not minimum,
July-August streamflow values; actual lowest
streamflow values would be lower than those estimated

by our model.

Extreme droughts

Twenty-two extreme droughts occurred over the 439-
year pre-instrumentaJ record, As a modem analogue, the
low-flow magnitudes in all but one of these years were
more severe than the gauged values in 2003 and 2009
when severe summer drought throughout southern and
coastal B.C. seriously impacted community, irrigation,
and hydroelectric water supplies in un-glaciated catch-
ments (B.C. Mmistry of Environment, 2010', Puska
et ai, 2011). Our reconstruction suggests that droughts
of the severity of those in 2003 and 2009 are noi.
anojnalous relative to the last several hundred years and
should be accounted for in water management strategies
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(in fact, 2009 was nul flagged us an extreme drought
year based on the long-lerm tliieshold). Funlicr, worst-
case scenario natural droughts based on hydrometric
data records are likely underestimated because more
severe events occurred outside the hydromctric data
period. It is possible that extreme nahu-al low flows.
paired with pressures from land-use and climate change,
could result in a drought that is more severe than any
since 1520. It is imponmt to consider that very low
flows in unglaciated Vancouver Island streams since
2009, especially in 2014 and 2015 (B. C. Ministry 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 hydromelric data. The instrumental drought
in 1992 may be more extreme than any in the
reconstmcted record, but this sliould be interpreted
conservatively because the reconstnicted streamflow
variance is somewhat suppressed relative lo the gauged
record; actual magnitudes of pre-instrumental low flows
may be as or more extreme than in 1992.

Our results suggest that relative to the preceding
440 years, the magnitudes of extreme droughts in Tsable
River did not generally worsen from I960 to 2009.
Frequencies of lowest flow events also did not increaBe. A
large ouriicr (high-flow year) in 1999 obscures a
significant long-term negative trend in the gauged data
(tested using a (-test of the slope of a regression of the
instmmcntal flow data on time with 1999 removed)
indicaling that, with the exception of one year, Tsable
River summer ranoff has dedined overal) between I960
and 2009, Analysis of SWE and predpitaticui data shows
the oullier is related to very high snowfal] (Jnly-Augusl
pret'lpi tation was equal to die long-lenn 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 magnkude
began around 1MO, 1700, and 1800, Without data for the
most extreme recent drought years, it is not possible to
assess the unusualmss of recent streamflow Irends
relative to the last few centuries.

Out findings highlight that consecutive years of very
low flows have been extremely rare in the Tsable River
system, which is consistent with minimal multi-year
hydrological lag in small coastal watersheds and is an
important hydrological feature for water management.
Because the likelihood 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
(Meko and Woodhouse, 2010). Prom a model-
development standpoint, mimicking the zero-

Copyright © 2035 John Wiley & Sons, Ltd.

aiitocorfdation slructure of the gauged summer
streamflow data was uritica] for developing an accurate
reconstruction. The dendrohydrological approach risked
introducing 'aitiflcial' pereistence related to biological
tree growth inlo nur model, but use of residual
chronologies guarded against this.

We found no evidence thai the liming of below- or
above- median streamfiow in Tsable River corresponds
with El Nino 01 weak- and non-El NifSo years, in either
the instrumental or reconstructed flow data. We
evaluated El Nina years because they are typically
associated with the low flows of interest to this study
and which arc most accurately estimated by our model.
We did not evaluate associations with La Nifia events
thai are typically more strongly associated with annual
streamflow in hybrid watersheds, and correspond with
enhanced winter precipitation and total runoff (Fleming
n ill., 2007). In contrast, both the reconstructed and
gauged streamflow records are influenced by winter
PDO during the common data interval, with the
slrongCEt (negative) relationships occurring during UIE
cool phase of the osciUation, This suggests an influence
of SWE on summer low flows, consistent with cool
PDO phases promoting more snow and higher
snowmelt-derived rurofftiian warm phases (Fleming et a!,,
2007). That the difference in correlations between the
wann and cool phases was not statistically significant
may have been because of small effective sample sizes
(17 and 21 years). Jntemiiltenl ENSO-like power in the
reconstructed record is evident in Ihe apprimmalely 2,
4, and 8-year bands of the wavelet power spectmm
(Figure 7). PDO-like multidecadal power weakens
belwcen 1850 and 1910, as documented in other
independent reconstructions cf thai asdllalion (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-resoiution records in Pacific Canada and
the northwestern United States. The most pertinent
records, which represent seasonal fflld/or spadal contexts
distinct from those of this study, unsurprisingly yielded
no notable similarities to historical Tsable River
streamflow variability (Graumlich and Brubakcr 1986;
Larocque and Smith 200S; Luckman and Wilson 2005;
Jarretl 2008; Wites el al., 2014). Neither does our
reconstmction correspond with the few (non-hybrid)
streamflow reconstructions developed in B. C. (Gedalof
el al., 2004, Hart el al., 2010, Slarheim el al., 2013),
similar recoids from Canada's western interior (Case and
MacDonald 2003; Axelson el at., 2009), or laige-scale
historical drought episodes such as the 1929-1940 Dust
Dowl, the 1946-1956 drought in the southwestern
United States (Fye el at., 2003), or the 16"' cen(uiv
megadrought (Suhle el at., 2000). In the instrumental
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period, recent large-scaJe droughts in the Canadian
Prairie provinces (e. g. 2002; 1999-2005, Canadian
Foundation for Climate and Atmospheric Sciences
2010) arc not expressed in the Tsablc River gauged
record, reinforcing the distinct hydroclimatological
character of B.C/s small coastaJ basins relative to

surrounding regions.

CONCLUSION

Long-term perspectives on hydrochmate variability are
critical for water management, with small temperate
watersheds representing a frontier for paleohydrological
modelling (Biondi and Strachan, 2012). We demonstrate
that a dendrohydrological approach focused on die SWE-
driven streamflow component is appropriate for deter-
mining drought-season runoffin small hybrid watersheds
in coastal B. C. Tree-ring width records that are energy-
limited by spring snowmdt timing were effective proxies
for this streamflow component. Our reconstruction of
Tsable River suggests tliaT the severity of droughts in the
440years preceding the instrumental record exceeded
modem analogues such as the 2003 aiid 20U9 droughts.
The fact that recent 'extreme' events fall within a natural

range of multi-cenlury variability means that rather than
being considered anomalies, extreme droughts should be
expected and incorporated into drought management
strategies. Most importantly, our findings suggest thai
worst-case scenario natural drought estimates based on
hydrometric data are likely underestimated. Given
projected climate trends and pressures from land-use
change and increasing human demand for water in the
study area, exacerbation of natural droughts 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
summ&r nraoff from 1960 ty 2009 with the exception of
one year, The frequency of exlreme droughts did nol
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 Nino on the liming of below-
median flows but ENSO-type variability is apparent in
the wavel&t analysis. This vyriability 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' to SWE-relaled flow variability, a
model that could account for th& influence of

spring/summer temperaturf on suminer streamflow
may improve drought magnitude estimates.
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LONG-TOBM CHANGES IN STREAMPLOW FOU.OWWG LOGGING IN
WESTERN OREGON AND ASSOCIATED FISHEKDBS IMPUCATlONSi

Brendan J. Hicks, Robert L. Beschta, and R. Dennis Harft

ABSTRACT: The lons-tenn c'ftcct of logging on low aununer Btream-
flow »aa inveBtig. tcit Trith * i«t* »ct of St ycan. Bydnilogic
recoric were analywd for tkt peric. d 1653 anil 1888 from
Watenhed (WS) 1 (dewmit logged . nl bunied), W8 2 (nnlogged
control), and WS 3 (26 pcrecnt p.teh^ut logged »D|I karad) In the
H. J. Aadrtwn Exparimeatnt Foreflt^ western C»«cade Range,
Onigm. Tliw ncOTda . pM lncd 9.10 y»w Idbre loggilia .nd 21-

26 year alter iBgglng «ad huning. Stmamfltnra ia Aajurt wen
a" }awwt nf uy mmtli, ud wen luiottected by cccanBiul Buvy
rain that occurred at the beginning of aummBr. Anyut . ta^aioflow
ia*a'a"edfa_ws 1 "nfd to VS 2 by 169 peruat fcUowina log.
gtog la WS 1, but tUa Increax, iuhxi for only right ytan fcllmring
Ike at«H of logBlag In 1962. Water yield in Angurf' fcr 1970.1988
obterved 6Bm WE 1 wiu 26 pcrcmt leaa tku predicted fain the
nntad (WS 2, ANOVA, p^).032).

Water yteMta Augnrt iacreaud ly 6S peroent rittr 26 pcnmt
»f du area ofWS S »u> pateh-mt logirwl Bad banicd in 1863. In
uotnisl to WS 1, howtw, wtcr yidda fima WS 3 In Augun wen
muifnUy greater thu pmiictui Isa 16 yean folloxinEthe atart
tf logging, througb to 1978. For ths 10 yEan, 1S7S. JM8, w«tet

iMd abMimsd m Angurt Iran WS 8 .- not diffemat th.n pndfct.
«d ftom the nmtrol (WS 2, ANOVA, p4. l76).

Hr rontrutmg i-ponBM of WS 1 ud 2 to logging . re diought
to Ie th« nmlt of dIRcrcacw in ripBriu ftveti^acwwifyW-

I. A nliUvdj wide vOey floor In WS 1
limlcjmtnt ofkndwBtxd. in tlr ripari. n ion fellow.

lagging, hit the namiw nBcy of W8 3 mi Umitni KtUmuil
*V»t* prewmtirf CTt.UU. iomt rf rip«riM> luidwood*.

uw.*tm°lflm"' d»Tt8 "aimier hiiv InplfcitiomtU' .. hnoaid
.Wiml. Boiuctd rtreuaOl. w ndacea the .ncact o)' rearing habi-
'««. Uin. iDCTeadag a.mpctitiBn. Cmnbinal with U^iwiM tsa.
IiCTatnm, rtduwd atnamn<>» on lird directly tc rlmonld
^MtalHy by Aiving -Inuni* 6im rifllei . nd tllda. Mid tnpptaE

In ifayingpocb. Lnr atteamHov aim inirea.M MygendSE
cavn fain ripuTn nd ajdmi.

is atnamflcnr, logging; .almonida; witer uw: w»ter
"onw; WtpotnurpfnUoa; <&»o»ved oiysn.)

INTRODUCTION

Many studies have shown that removal of vegets-
tiori by clearcut logging rcBulla in increased annual
water yield (e.g., Bosch and Hewlett, 1982; Harr,
1983). Thie uicreased Btreamflow i8 cansed hy reduc-
tion of the water loss associated with vegetation
through interception, evaporation, and tranepiration.
It is generally assumed that some time after clearcut
logeme. annual water yields will approach prelogging
values as vegetation regrows (Kovner, 1956;
Rathacher, 1970). The rate ofreerowth and concomi-
tant reduction of water yield depends on a number of
factors, amone which are climate, plant species, soil,
and altitude. Studies at the H, J, Andrews Experi-
mental ForeEt 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 yield actually returns to the prelog.
ging levd, . r to same tevd above or below it, has not
previously be established in the Pacific Northwest of
the U. S. Few studies have sufficiently long periods of
observation with which to investigate long-term water
yield following clearcut logging. In addition, short-
duration studies have covered only the period of
increaeed water yield immediately following logging
(e.g., the AJsea Watershed Study, Hams, 1977), being
terminated before regrowth of vegetation subsequent-
ly reduced logging-related flow increases to pretreat-
ment levels. This study examines the long-term effect
of timber harvest, taking into account the period of
vegetative regrowth fbllowing logging.

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

SPWN°'-s<>ra? °Tt!><> vhto'!UKUIW Bulht»- IMmu. tc.n. .re op.n lu.tU Dnstmbu-1, 1W1.

»M^S^y&S^'^^'M^W 5A"iM--Fr"hwte"'I'£''i?c'Bt'*-Mln''"?'»f'^icult°~ "d T»ri<». P.O. Box 60U,
^^ll^^^. *^^. rf.FmrtH^^-^rf-F°Mt-E^^ri^^n"^teT^^
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yield was observed after 25 percent of a 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 S40 to 1070 m, where fog is common,
Interception of wind-blown fog by 46-S5 m-tall
conifers is an important source of moisture in the Fox
Creek watersheds, and fog interception was reduced
by removal of vegetation, thereby reducing (he annual
amount of moisture available at the soil Buriace (i.e.,
predpitation plus fog drip) hy up to 30 percent com-
pared to prelogging levels. Fog has also been shown to
contribute significantly to annual precipitation in
coastal forests in Oregon and nortliern California
(Isaac, 1946; Azevedo and Moigan, 1974).

PorttafKtV-

E i J^3Shxiy area <

resources could be affected as eecond-growth forest
replaces mature forest.

Diminishing water flows from June to September
can adversely affect stream inhabitants. Even small
reductions in water yidd in summer can be deteimen-
tal to salmonids. Several studies have suggested (hat
volume of summer rearing habitat is a significant fac-
tor affecting fish production (Smoker, 1953; Everest
and Sedel), 1984, Elliott, 1985; Hicks, 1S90). Also,
when flow is reduced, stream temperatures may
increase, causing increased stress, disease, and com-
petition among fisli. Temperatures [>referred by rain.
bow trout (OncorAyncfcus mykiss, formerly Salmo
gairditeri), or cptimum for their growth, range from
12 to 2Z'C. Ttemperatures of 25*0 or above may be
lethal (Cherry et al., 1975). Increased yield of coarse
sediment following logging can increase the effect of
low flows, causing shallowing and widening of stream
channels (lyons and Beschta, 1983; Tripp and Peulin,
1986).

METHODS

s^" f
?

!».

\.

Waterehtd 1

Watotgh&d 3

WalerehedZ ^^f
y^'

0 1 km

Scale

Figure 1. Location ofWdterahedfl 1 and 2 in theH. J, Aadifwa
EiqperimeBftal Forest, Cascade Raage, Oregon

(after Rothacher el 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 in&d-
crate to high annual predpitation (above about 1500
mm) and dry summers (Pearce and Rowe, 1979).
Many of the production forests in western North
America occupy Buch environments, and freshwater

Predicting the response of Bummertime stream-
flows to forest management activities requires a long
period of record, preferably from paired watershedB.
One of the few long-term records of changes in water
yield from paired watersheds in an environment with
moderate to high annual predpitation and diy sum-
mere comes from Watersheds (WS) 1, 2, and 3 of the
H. J. Andrews Experimental Forest (Figure I). The
study basins have areas of 96 ha, 60 ha, and 101 ha,
reapectively, and are underlain by volcanic rocks,
including andesite and basalt lava flowe, and tuff
breccias (Rothacher et at., 1967). The watersheds
range fimm 442 to 1082 m, at vhach elevation the vast
nuuorily of precipitatjon falls as rain (Hothaclier el
al., 1967). Snow that does fall between 400 and 1100
m elevation in western Oregon is transient, usually
melting in 3-4 daya during subsequent rain (H&rr,
1983), and thus is of little significance to summer
streamflows.

Streainflowfi were calibrated by taking baseline
measurements in the unlogged waterdiedB from 1953
to 1961 for WS 1, and from 1963 to 1962 far WS 3.
Logging began in WS 1 in 1962, and continued until
1966. Remaining vegetation and logging dadi in WS
1 was burned in October 1966 (Rothacher, 1970). In
late 1962 and early 1963, 26 percent of the area (rfWS
3 was patch-cut logged, and ttieec cleared patches
were burned in September 1963. Watershed 2
remained unlogged as a tontrol, with pretipitaUon
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 ofetreamflow and predpitation,

Water yields for WS 1, 2, and 3, analyzed by Harr
(1983), were derived (rom data tranBcribed irom con-
tinuous records using metliods that viBnally estimat-
ed instantaneous flow from the water level traces
(pers. comm., Don Henshaw, Pacific Northwest Re-
search Station, Corvallia, Oregon). We have re-
analyzed results from data digitally transcribed fi-am
the original racordg for part of the prelogging period
(1953-1959), and we have added seven more years of
data to the analysis ofHanr (1983).

Data from the prelogging calibration period were
used to relate annual and summer water yielda in
millimeters ft-om WS 1 and 3 following timber harvest
to water yield from the control watershed fWS 2).
Calibration periods were nine years for WS I (1953-
1961) and 10 year? 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 linear model
Y=a+bX was used, where Yaobserved water yield
from WS 1 or 3 (treated watersheds) and X=obser>red
water yield front WS 2 (unlogged control). Obser»ed
water yield from WS 2 was then used to predict water

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

RESULTS

Water field 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 Septembw (Table I). The
recalculated regresaiona of prelogging water yielda 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 WS 3 on WS 2
were also significant for all months and comtunayons
of months, ex<»pt for July. The regressions of total
annual prelogging water yield for both WS 1 and WS
3 on WS 2 were also significant <p<0.001, 'fable 1).

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

TABUB 1 Ram If of Lea«t.S<TUare« Linear Regrennn Aiulyll ofSununer Mid Annual Water Tieldt Before Logging for
WatenW 1 (19K-19BI) anil Ifcterahed 3 (1953. 196Z, dBpeDdlng vriablea, Y) on WBterdied 2 (independ^t

vui«Ue, X)In tkeH. J. AndTewi Bxjieninaifi Forest, Weatera Oregon Ciucadi-s (Ba9 for WS 1, n-lO fcrWS S).
Be«uh« from HMT (1983) conipandtii tlioae fain (hi» papa- for digitized data. The modd a«ed it Y»a*lX.

Tljn« Period

July
August
September
July to August
July to Septembw
Annual

July to September

July
Anguat
Sepfeeabfer
July to August
July to September
Annual

Slope (b) Intercept (a)

WATERSHED l -CIeansut Loce*d
. (ttila paper)

U.«l 2.06
0.544 0. 14
l. OOl -2. 60
0.613 1.70
C. TO4 -ast
0.&44 -87.92

HABB(l88S)

0. 731 -2. 74

0.62
0.67
0.89
0.72
0. 80
0.96

0. 72

WATBBSHEU 3-25 P«n«nt Patch-Cnt Loggfd
<tki* paper)

0.629
1. 016
1. 276
0.623
0. 861
0.838

8.61
0.80

-o.u
8.69

11.43
110.63

0. 20
0.74
0. 92
0.43
O.B3
O.M

SiasniCcanca of
Ragrearioa Model (p)

0.012
0.007

<0.001
0.004
0.001

<0.001

O.IXX

0.198
o.ooi

<0.001
0.040
o.ooe

<0.001
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Figure 2A). Atler 1970, observed water yield fi-pm
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,
liowever, water yields from WS 3 in August were cnn-
eistently above predicted through 1978, 16 years after
the start of logging (Figure 2B).

Differences between observed and predicted water
yields for WS 1 were compared for three distinct

periods of record (Table 2). The three periods were:
(1) 19B3-1961 (pre)ogging calibration), (2) 1962-1969
(Che penod of increased water yield that included log-
ging and burning, and (8) 1970-1988 (the following 19
years of low water yield). Means were compared wifh
single'claseification ANOVA. Differences between
observed and predicted water yields for WS 1
increaBed dramatically following clearcut logging for
1962-1969. The increase in water yield for August
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TABLE 2. Meant d CTxerred tad Predlcttd Wtter Tiieldt fiom WaterahedB 1, 2, Mid S Befimi and Afcr Luggisg (1963. 1988) In tha
3. J. Andrewa Experimenlal Forert, Weitan Oii^itn C«BC6iM, hr <A) Period of Ptetogging Stnamnaw Cdibntion, (B> Period «f
Jncwed W»t»r yield Dunng «ni Inuneiiiatdy Pcjlowjag Loafiag, Mid (0 Periui of BKlaced Water TBeU FBlluwiBg VegetatlvB
Etgrowth. AM water yield* tnnauctl rigBifinuntly ia the p«riui imnx>di«t»ly followmg lagging «>mpand to tkt prdagging periut

Month*

fcly

August

September

July to August

July to September

Aanval

July
August
September
July to August
Ally to September
Aanua]

August

September

.WytoAugiut

J"ly to BcpUntCT

Aatual

Tfeura
of

Record

(A) 1953-1961
(B) 1B62-1969
(0 1B70-19SS

Wisas-isei
(B) 1B62.1B6B
<0 1B70-1BS8

(A> 1863. 1961
(B) 1962. 1968
(0 1970-19B8

(A) 19S3. 1961
(B) 1962. 196B
(C) 1B70. 19S8

(A) 1BS3-1S61
(B) 1962. 1869
(C) 1970. 1988

<A) 19SS-1981
(B) 1962.1963
(0 U70-1B88

19S8-19B8
195S. 1S88
198S-IS88
1B5S.18S8
19E9. 1S8S

195S-1888

(A) 19E3.1SBZ
(B) 1863-IS78
<C) IS79-196S

(A) 1953-1E62
(B) IS63. UT8
(C) 1979-lBSa

(A) 1953. 1962
(B) 1863-1B7S
1C) 1B7B. 19S8

(A) 1963-1962
(B) 16S3-1978
(C) 197S-1S88

W 1953. 1962
(B) 196S. 1978
(0 1B18-IS88

Mean Olxemd
W.tarYidd

tnun) (UAn*)

Mean ObfKirred MIniu Pr»dict«d W.Ua- TInM
SignlftcancB of

P"dSct<d DitftT. BC*
<ht«r Between Pn-ioda
Yidd A Ud C"
(nun) (mm) (pwrccnt) mean .a* (a)

9

8

18

9

8

19

9

8

19

WATEttSBED 1 -Cltuwcu* Lo<K»d
9.1 3.40 9.1 B.C

14. 7 8.60 6.7 S.1
7.0 S. S3 7S -OS

0

121
-10

8.7
1C.1
3.0

12
us
1A

s us
8 24.9

19 10.0

2. 12
3.M
1.11

2.78
4. B7
2.87

2.76
<M
1JV1

6.7 VS
8.9 «S
4.0 -1.0

7S
4.2
M

Uj8
10.4
11.8

0.0
7.7
u

0.0
14.4
-1.7

» 22.0 2.77
8 36.7 4JBS

19 W£ 220

8 1377.9
8 US9.3

19 14263

43.69
48.64
4S.24

22.0 0.0
1S.S 2U
VJ.1 OS

1377.4 0.4
1073.2 386.1
IU0. 1 28S.7

0

183
19

0

138
-14

0

164
2

0

81
25

WATKRSHRD 2 - Udogttd Canteol
26 U.7 4.74
36 7S 2.92
se sje saa

36 20.5 3.83
36 29.1 SS1
36 1S58.6 43.08

1»
16
10

1B
16
10

10
16
10

10
16
10

10
18
10

WATERSHBD S-SS Pmstnt P»t<sh-Cut Lou«d
ns (. is u.2 0.0 o
ISA 4.B3 IS AJS 69
»3 3.47 8. 1 \a IS

us
U.l
12.4

13.2
28.6
2S.S

41.1
42.6
3S.4

1403.7
1330.4
U77JB

4.60
6.43
4.78

S.44
6.32
4 At

5. 17
SM
4.83

+(. 61
42.U
31.34

11.9
10.1
11.1

0.0
4.0
1.3

29.1 0.0
22.8 6.7
26.0 O.O

«1.1
33.2
37-2

K03.1
1221.3
11-M.3

OJ>
9.4
1.1

-09
iW.0
33.3

0

28
3

0.00
8.01

-0.30

0.11
0.81
0. 18

0 0.00 O.U
159 2.30 0.36
-25 -0.37 0.10

0.00
2-95
0.45

0.00
2. 74

-0.33

0.00
2.80
0.03

0.01
11.61
9.09

0.21
0.72
0.2S

OM
OS2
0. 10

O.OB
039
0.16

0.5E
l.M
0.42

SAW

0032

0.266

C.D33

0.885

<0.001

0. 00
1.70
0.44

0. 16
0. 19
93CI

0 0.00 0.20
40 1. 54 0.25
12 B.S1 0.28

0 0.00 0.24
28 l.OC 0.21
0 -0.01 0,27

0.00
1. 19
0. 14

0. 17
0.22
OSA

0 C.01 0.69
9 3.46 0.48
3 1.06 0.40

0. 17;.

0. 169

0.97C

O.SS4

0. 160

ist»ndard error.
Ituur 6r pnilnggmg calikn>tion period (A) lul period of»iuud water yioH (C» compared witli Bicgle d««liT>catu>a ANOVA.
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alone was IS9 percent, which corresponds to an
increase in specific discharge of 2.3 1/s/km2 Cfable 2).

Within three years of the completion of logging and
burning on WS I, regrowfh of vegetation had elimi-
nated tlie increases in summer water yield. Water
yields for August over tfae period 1970-1988 were 25
percent (i. e., 1. 0 mm) lower in WS 1 than predicted
from WS 2 compared to the prelogging period (1953-
1861, p=0. 032). Wafer yields for July and August com-
bined were 14 percent (i. e., 1. 7 mm) lower for
1970. 19S8 than for 1953. 1961 (p=6. 039, TtAIe 2).
Specific discharge for August was 0.37 I/s/km2 lower
than predicted for 1970-1988. The differences in
observed minus predicted water yieidt between the
1853-1961 and 1970-1988 periode for July or
September alone, or for July to September combined,
were not significant (p>0.200).

Water yield in September was extremely variable
aaiong years. Baina at the end of summer sometimes
began part way 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 eummcr-
time hydrologic record for WS 3 (Figure 2B), Theee
periods were (1) 1953-1962 (prelogging calibrat.ion),
(2) 1963-1978 (the period of increased water yield fol-
lowing logging and burning), and (3) 1979-1888 (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 Augiut alone, and by 26 percent for July
and August combined, immediately following tile
start of lagging (1963-1978, Table 2). Water yields for
1979-198S were not significantly different from the
1953-1962 period of prelugging calibraUon for combi-
nations of July-September yields, or for annual totals
CKable 2).

Comparing Figures 2 and 3, it is obvious that the
response of annual water yield to logging is not neces-
Banly a good predictor of changes in tummer water
yield. Differences between patterns of water yield for
August and annual water yield are a result of, at least
in part, seasonal patterns ofprecipitation and stream-
flow for forested watersheds in western Oreeon and
Washington. About 80 percent of total annual precipi-
tation occurs between October 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, 1971), Thus only 2-4 percent of average
annual streamflow occurs during July, August, and

September (Harr, 1983). For example, streaniflow far
July 1 ta September 30 from WS 2 was 2.4 ± 0.6 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 195S-1981, Harr (1983) derived
ihe model Y=51S.2-19. 1X for reducing water yield,
where Y=observed increase m annual water yield (in
iii^h®»)wippared to control, and X=time smw logging

°=0. 75, n=16). Adding seven years of Tecvrd'd. e.
1982-1988 inclusive), we found that the steep decline
in annual water yield for WS 1 from 1966 to 1976 flat-
tened out from 1977 to 1988, so that there has been
little further reduction in annual water yield (Pig
are 3A). Water yield from WS 1 for 1970-1988 was
stall 25 percent greater than fcr 1953-1961, the prd-
ogging period (p<0. 001, . iy>Ie 2). The model calculat-
cd From least squares regression for data for
1965-1988 (the gcriod used by Harr, 1983) WBB
Y=435.8-9.72X (r^O.53, p<0.001, n=24), indicateE
that annual water yields (in millimeters) will return
to prelogging vaIuBB 46 years after logging, in 2011.
Annual water yield tram WS 3 from 1979 to 1988 WBB
not significantly different from prelogging levels
(peO. 160, Table 2, Figure 3B).

Changes in Vegetatitin

Before logging, the vegetation of the hillslopes of
WS 1 was dominated tiy old-growth (300-500 year old)
and maturei (125 year old) Douglas-fir Vsestdotsuga
memiesii (Mirb). Franco), and western hemlock
(Tsuga keterophylla (Raf. ) Sarg.) of varying age
(Dymess, 1973). Riparian vegetation coiuuBted laigdy
of old-gnwfh conifers and chade-adapted herbaceouB
Eperiea. Tail conifers Buppreesed eetablishment and
growth ofdeciduous vegetation along the channel.

After logging and burning, vegetation gradually
reestablished in WS 1 and 3. The recpveryhas been
described elsewhere (Halpern, 1988, 1989), and fol.
lowed the pattern typical far the Pacific Nmrthwest,
with forbs, sprouting hardWBods, end miscellaneous
pioneer species initially establishing on the hillslopes;
Douglas-fir trees now occupy most slopes. Red dder
Wnus ruba Bong. ) dominates tlie riparian zone ofWS
1 (pers. coBim., F. J. Swaneon, Pacific Nortliweet
Research Station, Corvallia, Oregon), and willow
(Salix spp. ), and cotton wood Vopulus trickmarpa
Tbrr. and Gray) are also established in and adjacent
to the stream.

Different geomorphic conditfons in the vallsy floors
ofWS 1, 2, and 3 have determined the development of
riparian vegetation. Watershed 1, with a relatively
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DISCUSSION

Significance ofLong-nrm Trends in Water Yield.

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

For WS 1, the period for which, increased summer
water yield persisted was short, especially conrider-
ing the proportion of the tame (hat it would represent
(8-11 percent) during a rotation time of 70-100 yeara
under intensive forest management. Following the
period of increased water yield immediately following
logging, timber harvest may actually reduce July and
August streainflowB for many years. So far the period
of reduced yield has been 19 years, or 19-27 percent nf
the period of a rotation. The actual length of time for
which reduced summer flows persist i» not known,
but they may continue for several decades, until
conifers grow large enough to suppress growth of
riparian hardwaods. For WS 3, the patch-cut water -
shed, eummertime flows have generally remained at
or above prdogging levels (Figure 2B).

The mechanism for different water yield responses
of WS 1 and WS 3 following logging and burning is
not entirely understood, Reduced evapotranspiration
on hiilslopee following the start of logging apparently
increased deliveiy of water to fhe etreams fbr 1962-
1969 in WS 1. and for 1963-1978 in WS 3, increasing
summer and annual streamflowa. However, from 1970
on in WS 1, increased water use by established ripari-
an vegetation may have been responsible for
decreased streamflowB. An attempt at reducing liard-
woods in the riparian zone of WS. I in 1973 WBB
unsuccessful (pers. comm., F. J. SwanBon, Pacific
Northwest Reeearch Station, CorvalUs, Oregon) and
co Eubsequent increase in wdter yieMs waa observed.
Higher stomatal conductance has been demonstrated
in hardwoods such as quaking aspen (Popuius tremu-
loides Michx.) in the Rocky Mountains than in
conifere CKaufinan, 1984). Thus hardwoods are likely
to use more water than conifers in sunimer for equiv-
alent leaf areas.

Changes in soil moisture in WS 3 were only partly
consirtent with changes in t. treamfluw. Summer soil
moisture in the upper 120 cm of (he profile along a

transect at a logged site wae greater than predicted
following logging compared to a traneect at an
unlpgged site from 1963 to 1965. From 1966 to 1980.
however, soil moisture in summer was less than pre-
dieted at the logged rite (Adaa»8 el at., in press), even
though Btreamflbw was ccneistenfly greater than pre.
dieted in WS 3 until 1978 (Figure 2B). This suggests
(hat water Btored at depths of > 120 cm was nsponsi-
ble for the increased streaiaflows during summer fol-
lowing logging. If changes in riparian vegetation were
at least partially responsible for the reduced stream-
flows in WS 1, then replacement of conifers in the
streamside zone with faardwoods could have impor-
tant eonsequenceg for aquatic life and downstreaic
users.

Sffecls on Salmonid Survival

Summer is a time of stress for juvenile salmonids
rearine in atreams in the Pacific Northwest.
Furthermore, 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 elBewhere, such as in the Oregon Coast
Range, would be detrimental. Althoue'h hardwoods
such as red alder in the riparian zone may eventually
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 Eummer and early fall can contribute to low die-
solved oxygen concentrations in coastal streams,
which may reduce growth and survival of fish and
invertebrateE (Slack, 1985;  cks, 1990). Tbe ertent of
(uygen depletion was related inversely to atreamflow,
and Was greater under red older than under a mixed
canopy ofbigleafandvine maple (Hicks, 1990).

Increased temperatures and low dissolved oxygen
can have direct effects on fish, causing atress, disease,
and consequent mortality. Reduced streamdow can
increase the severity of changes in temperature and
dissolved oxygen, and also can have direct and indi-
red effects on fish by reducing volume of stream habi-
tat. Fish may die as a direct result of reduced
streamflftw as stretches of stream become dry. As an
indirect effect, reduced flows may increase rompeti-
tion among fish. Riffle volumee are affected by
reduced flows more than glides, and glides are affect-
ed more than poole (Hides, 1990). Spedes Buch as ags
0 Bteelhead (fry to fingerling-sized OncorAyncAuB
mykiss] often occupy riffles when in the same streaiB
as pool-adapted fish such as age 0 coho salmon
Wnearhynchw kisutch) (Hartman, 1965; Bisaon ti
at., 1988). Thus, with reduced flows juvenile steelhead
could be forced out of drying riffles and into pools,
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where they would face increased competition with the
more aggresrive coho salmon; (his is likely to lower
fhe surviva] of steelhead. In condrination with other
logging-related habitat changes, euch as habitat rim-
plificatlon, decreases in pool habitat, increases in rif-
f]c hetatat and channel widening (Lyons and Beschta,
1983; Bisson and Sedell, 1984; Tripp and Poulin,
1986; Hicks et at., in press), reduced flows following
forest harvest represent another factor that may seri-
ously reduce ssrrival ofsalinonids.

CONCLUSIONS

Many previous studies of changes in water yield
following timber harvest have not fully coneidered
changes in low summer flows. Analysis of logging-
related water yield experiments often have looked

I only at annual water yielde, ignoring the critical Eum-
mer period when evapotr&nspiration is greatest and
water is potentially in short supply. Furthermore,
many studies have insufficient periods of record on
which to draw conclurions about the long-term effects
of lagging 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
Experimental Forest, spanning nine yeara before log-
ging and 26 years after logging, show that the rela-
lively large increases in water yield far August
following logging were short-lived, existing for only
about eight years. After tins period, August water
yields were less than normal for IS of 18 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 wiB be eliminated and summer streamflow
will return to prelogging levels, possibly 40-60 years
after harvest If the establishment of hardwoods in
the riparian zone following clearcut logging has
caused water yields in WS I to drop below predicted
yields, as we suggest, then future forest harvest prac-
ttcea should protect conifere in the riparian zone dur-
m6 logging to suppress hardwood growUl and ihereby
maintain summerfcime water yields* In view of the
importance of the eristing hydrological recordB from
WS 1, 2, and 3 in the H. J. Andrews Experimental
Forest, continued collection of hydrologic data from
these watersheds ie imperative.
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Seasonal and successional streamflow response to forest cutting
and regrowth in the northwest and eastern United Slates
Julia A. Jones and David A. Post'
Department ofGeosracocw, On®ou StBte Uiyvarity, CorvaUis, On^oc, USA

K^vd 12 Decaabo 201)3; nvi^ IS Jnu^ 201M; «K^ 1( fthn.^ 20(M;FublUirf 21 M«>. 20W.
[lLJUistadyG'Tmed'iaily. stremflow "spouse ova vp to fbur decadei in northwest

I and eastern dedduous toast site, jn tlie UnitedStates7wewed novd"
^dtodsto^amdyze daUyobservati<m8_ofcImate^sbCTmltow$amm^^ton
SOObasmyeas of record at M toeated/control b^pms^CT SS^m^'mT

.aipannents were undaway in tfie period 1930-2002. b to l-to~5-v BBi£
£ fo'T.'CTIC^l'.°ml^dalfymaeTS _m«l;d fi"m2to'3m^atd. <riS^^
ste* to-6_to-smmat ww&t fi»est.Eites. Signifi^it ^niDg sniphi^'pCTsteed':
to^^^Timc^^^te^to. Tto^sim^iream^^S%p^

W to IS years offerert regrowtfa m eastern deciduouglrorMt'taiiBTihaiT^
po^treatamt periods, absolute daagM m dafly streamflowwTO'siiaifiem^ mm

'wsrm wsws'w.dariDB mowmer seasom, but relative dumges'weffimore
;vmm !j6asonsmtq>ective_ofmoistine Btate. Boa ralativemdabsoiate"'

8!re^^.cte?". m. thc-l. to5and I5 to"-y^p°'°ds'. te'^t^^«:
asmSsaa&y positively rdated to the age ofae'forestatte'time'il'nas'St"
S^ffifo^M-^Jl?^^to^OTh!m^el^56"3^pi^faest
^^^^c ?wc5t. K>?jfer fc sts had b^not'oqimmcSYo^T
wUd&efa90 to 450 yeare. Pamd basin CTperiiimte provide a"S~^iousl"^
c^fiB.*Tfy^m^g'reotad °f^egeteti°n stmctim, co^wiiion. 'uid'^mat^md Adr
!ffSclSn. ?rSm:a°^, ,,. A!Ba"Bl  1BS° Hy?roto^'R»»a'"3'-b"^m^8^Zlo^'
?d'S<!S!^i H^^^mdte<iu^:K^^c^^B^^
^^^--C^"C^F£»7^, ;^^a?^^^S^

^m. »^^^Ds^r^^^^sxs^s^mttiDtaB'"EroMhuto
1. Introduction

[2] PaiiuHaan fondly dpamieats are a asjoc saws
of date m dnnate, stieaaflow, md vegeta6m far teaiagof
theoretical proposiUom in hydrology. Yet to dat^ the
hydrotogicimpBcatiotB cfpanai tiism CTpcriments have
bcm largely examined 6x individual expmmmte, wm
nwurwB or mrta-matyEcs [c.ti., Aisdi ami Smlett, 1982;
Robinson et at, 2(103] coaibiaing results from studies ttmg
dispaate methods. HyAoloyc moddng efiBats fieyitasSy
cmfhV ^ parotbasm daia, but mfenDceE are lim&d by

clinute chaagt, indicate (hat itreamflow lesponds to
chsmges m temperature and ram&U [Hodgeldns elal.,
2003] with coDcuirmt changes in vegetation rove md
species congiosition [c.g., Shajer el al:, 2001]. Stream
ecologists advocate restotation policies based on steaicflow
variability yoff el at, 1997]. as wen as Iiabiwstrocbro.
Regulte from paired-basic Bipeammts can conbflmeto
theseusun, bynveding die coiq)liag amnng v^eunion,
atinoqfline, ma, and treaaflow at qistial sad tenyoial
Bcdcs mtenmxiiate betwcsn pint- and reacb-scale studiesmfennceE are limited by Ecua mtemediate bettreen pint- ami reatA-scak studies

lacfflCmty about taaay parametere, iDcluding veg^s&m- 'Aaracttitefc ofeco-jAysblogy and stream ecoloEy. andttc
climate-soil interadimiE TBewia ^wvn coarse scaleft nfrinnnto 0^ innii 11- niiZ,T. .-^S^^'"""u-sou intoadirau [jBeie^ 2002]. "«*c scales of dimate and land use diflagemDdeimg.

[s] Studies of eco-pliysiology, global chaagt, and . (.'I II1 Pm1cd barin cxperimmte, boft mcrcasumd

flream ecology are providing hydrologiBbi wifl) duBaiging 'kcreans in aiuiaflow may occur m bufc relative and
hyPci&Kes about vegdatmn and cliinuc coqilingtoby^- a*»ollito tens B diffimnt scsssm m timcperiodfiaBn

beatmcit proviffiag chMs about causal mcchaninns, fnd
gcwBoqAic and ecological cniisequnices, of v^ctarioc
Aangc. In publidicd shuBes, die laiBest relative dha^K
in steamflow onaiTEd m amimcT inmdu after nmovdof
eastern dcdduous forest [Ztowg&n <mdS»a»k, 1972, 1975;
Swnt esaL, 2001; ffonAect ff <rf., 1997; Mvat'elai. ',

to-, 1975; aw a
al- 19TO, 1982). Huwever, in conifer ste, Ac togcsi
abralnte smamflow mcmsts occuired dining wet mnter

liypo&escs about vegdatmn and cliinuc coqilingtoby^-
ogy. Eco-physiotogy studies ugue (hat forest Blnicture
and compositim develop during aicccsdon to reduce saws
m plants and optimaUy uac resourecs, mcluding mmstuic
lEagleson, 2002]. Studies of gloW change, "uiciuding

'Now it CSIRO Laul uri Wttc, Ailtnvdt, Qunulud, Aunilu.

0043. 13roB4Q003WIt002952I09.00' monlfas ISolhaeher, 1970; Lewis et at, 2001]. Lay of
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W5M3 »NES AND POST: SEASONAL AND SUCCESSIONAL STREAMFLOW W05283

[ii] H2: The forest vegetation effect on streaaflow
depends upon forest structure and compositioti, wiuch vary
with dici^cofvcgctatun. Two measures of (brest age an
relevant the agt of the forest in die treated basin (timc'ancc
trcatiDCTtt) and the difference in ages of Ac forests between
Ac treated and control basins (wluch is equivalent to the time
since most recent pre-treatneat fcrest distmbmce). Young
forests use more water tfaau older forests at times of year
when temperature^ is conducive to tianspiration, incspcctivc
of soil moistiue (Sc and Si are laiger Klative to S« airi S, fin-
young fltm older forests) .Tbensfan slreamflow respmse
will decline lapidty in the fitst few decaiies of fereBt
regrowth, and forests aged 10 to 30 yeas wfll produce
summer etreamflow deficits relative to older forests. How-
ever, as forests age, structuns and cocapositioD change so as
to better utilize water available «t times of year whm
traaspiration is tengwrature- or moisture-Iiinited. TIure&re
sticanuBow nsponaes wiU he poiitivdy related to the diffir-
encc in fonst age between the bBated md control basins.

3. Study Site*
[i2] Study sites wen tocated m rix BipnimcatBl finests,

ttro in the Pacific Noflinwst of die United States, and
dira^inflic eastern Uaitod Stales fBable I). As of 2002,
Pacific Nortfawcst sites (the Andrews, Coyote Cnek, and
Cajpar Creek Expmmmta] Forests) had comfer fbrens up
to SOO-yre old and diy tunmcre. Eastern aitet (thcHubbaid
Bronk, Femow, and Coweeta Eiqiaimental Fcmsts) had
<100 yr old dcdduous forests and wet summers. The
northaamort sites (Aabtws, Hubliard Brook) tad seasonal
anowpacka. Mean uniiul predpitation nnged from
1000 mm to aver 2000 nun at both conifer anddcdduous
sites fTable 1).

[t3j Fomrt flgc was detenauwd ss Ae time since tfae most
recart severe dishntamcc (iocummud at Biat site FTabIc 1).
The most recent dislaufaances included wOdfire and logging
ra conifer forests, eod humcmc and logging in deciduous
finest fBiblc 1). Coaifer fonn ypes included mstan
hcmlock (ADdrews), niKed-nmifa' (Coyote Creek) and
redwood fimsts (Caspar Cnek). Dedduous Eirest types
mdiiAai northern hadwoods (Hubbard Broot') and oat-
hickoiy fbresls (Fnnow, Coweeta) fnble 1).

[u] Each site cocsisted of one or more pautd-wateished
expBrimenle in -wbich 100% of forMt cover had been
harvested and an unharvcsted control basin easts (Table I).
Forest hamrt treatmcnte at die fourteen treated basins
occuncd over more dun half a cmnuy, flon tfac 1930s to
1990 (Figun 2). In ta offltcse cases fcrest iurvest occunul
in a single yea; but in fcnr cases harvest occurred over
Bevcral yeas CTablCil, Plgare 2). Ticatnuat mvolved
logging (lemotri of wood pmducts) ia ten treated natei-
sheds. In four cases wood products wire not removed, and
in two of these four cases hcTbicidc was applied for several
years affcr loggmg (Tabie 1). Because of differing distur-
bance histories, 90 to450 yr-oU fonsts were removed in the
coniftr sites, but 12 to 56 yr-old finests were removed fa flie
dccidunus forest sites (Table 1).

[15] Long-term records of streainflow and climate have
been collected at 26 basins (14 treated, 12 control) fiom UK
six study sites. Basm size rangui flom 9 to 96 hectares, and
streaOTficw aod droate rccoids span periods ranging ftom
17 yeare to 63 yran figure 2). Pre-tnannmt records were

6 or more yeas u Imgtt in aU but one lieatcd bmm, aad
IwsttreatmcDtrecorda ranged ftom I! to over 40 yegre
(Figure 2). Most of die basins ranged in size fiom 20 ID
50 ha, amd &c ages of nuEtbatvested forest ranged fiom 30 »
to 125 yeas fTabte 2, Figure 2).

4. Methods '
4.1. Dataseb and Data CoUectinn

[i<J Mean daily streamfiow^ pTeQpitation, mipftnimi and
maximum temperature, and saowpacfe data fiom five of
die six sites are publicly availabk on tin woiidwide wd)
and were cdBwted decttnnicaUy Ihioiigh Hyibo-DB, ui
automaied data huycster Wp-J/vtwv/M.aist.eSafSySmabf).
Data fnm die sctth site (Coweeta ExpcrimmBil Forest) m
not publicly available, but they was provided by VS.
Forest Serriec scientists (L. Swift and W. Swsik) for
perioda ofnconi thnngh 1995. Tlie resullmg priniaiydata
act ccoMstcd of over 750,000 obsCTvaBons spaimmg maK
.ban 9W wateTsled-ycan of streanflow nconis. Oiginal
strcamfiow data m units of Us were coBverted to mm/day
(mit area discbaigc):

s-^-^
Ay ""' y

'whcre A is basin sxea in hectares. We used a water year
from 1 October to 30 Sqi tember. For Caspar Cndt many
vdius fern late April to early November weie missmg
values.

[n] The natial data set cotDpriscd recoids fiom 26 basins
(14 treated, 12 control). Wcptesntt results fiom 14 traatedf
c<Mtrol])am'Crd)lc2). Ialf of diesc 14 pans we used the
treated/coDtrol psus established by flie original researcheis.
In Areecascs^ we used an alternative to Ac original control
basin Pttlc 2). In dusc flire« cases, Coweeta 7/34 (7<2),
Coweeta 13/14 (13/18), and ADdrews 10/2 (10/9), the
origiaa] M>atn>lbasinB(iap>renlbc8e8)wnelesstlian 151a
in size. The average stanAnl deviation of daily flow at
caahol basins m mm (y) was significantjy nfigativcly iclated
to basin sin in hectans (i) (y « 2.29 nip(-0. 034x); r; ..
0,84; D = 12). Therefore streamflow changes were not
itecctdite using die original (<15 ha) basiiu, but fiiey were
dctcctable when the same treated basics were conq*ared to
IsTger, nearby control basins. Moreover, in one case
(Andnws 11M>) the original Ircated/nntrol nlatioariiqi
was suspect because a Surae change 15 moatfas prior to
the treatment produced sigoificaat changes in streamflow at
fee control basin (AodFcws 9).

4A C»lcul*ting Strtunflow Rcaponsn to Funat
Runanl ud Regnmtt

[is] The. ctiangc in stnamflow in the tnated basin relt-
thrc to fhc pretrcatiDCTt bcated/coBtrol relationship was
calculated by day of year sad averaged fin 5-yr periods
after forest removal, following Jones and Grant [1996] and
Janes pOOO], The trcated/coatrol relationship was

where Cy ~ tiy; (hi-lransfoimcd) ratio of streamfiow at the
treated and control basim, day i, ycarj; ag and by = un^ area
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W052d3 JONBS AND TOST: SEASONAL AND SUCCESSIONAL STREAMFLOW W05203

T^. V'8^onCo»^urt»cc ffi.^, T»»a^,_»dA8» of F,^, ", F»^, T^edQ>, no, teu, PA. » m, s>ndy

Bum Pair

Aadmn t/2
AadiTOSfi/S
Andrews 10G

Cpyote3/4

CasparCT
CaspnE/I

IfMsaeSmdiVS

Hubbard Brook 4/3

Iblbad Bmot SO

Fcmow 1/4
Fanow 7/4

Cawce»7m

CowttB 13/M
CmiutayiW

Disturiwace

severe wildfire in 1500s

wildfire hi 1500s, 1850s

viU&e m 1500!,, ISSOs

clazcas, toggnl 1860-1904

loggal 18WS-1910,
liurricanc'uJvagc 1938

togied IW3-1910

paanfe burof IS40-19W;
tatiul 191S-27

Tnatmeat

Type

Western Htsnlcci^
imv, dnmu, lossca. fain
100% dcaiCTd, losgcd, road
IOOK cteuait, lacseS

MudConfe^
100% cteancot, logged

Redwood
i i deareut, togpd
ItKBtckama. tojpd

tfofihem Har^wood*
100% deanvt, hnliuadc

100% clcwcat, logged
100K dcarcut, fcggcd

OahWdav^
! Bi cterout lo^gnd
100% dcwcin, turiNcidc

Oat-HkJm,/
IdCr/. ctencnl, loaprf

lOOKdama
100%deaiBBt

*».

a* TnUtd1' &ui»r MAP.'mm

IM2-6C
1S74
1875

1970

1W1
1981

1965

197B-74
1983

1957
1?S

1977

1?39
1963

450
125
123

120

90
w

n

32
45

so
56

sa

12
35

500
150
aw

145

100
IBO

(4

64
t4

95
«,

75

75
75

2270
2178
2282

984

1190
1190

1312

1312
1312

!43«
1-fStl

1»62

1934
2191

^A»» (^ ̂  1^ ̂  diauAl^ rffclotn^U ten n tinn iirtnattiinl.
.iA8c(tunc »i°» last focst distufcsnce) offettt m oonaol lauau;fa 2002.
Fonsta doanatated fry D(mdn6-& fAeufoauwa iwnsfriA w*'Foicsta doBuiated

19(7]. etai,

^^«^^^f»^^^sr^^, w^^»»^^^^^^^^^^^^

streamflow (mm) at the control basin and the treated badn,
respectively, on Ay i, year j. Tlic period of recori was
divided into periods k-1, 2^. .a, such dial UK prelnatmcsit
fmoiwas noted l.jmd 5-ycm posttreatment periods were
noted 2 and higher. The avcrageliiated/contmi relaflonrfui
was

Cfl;

&Fye"8 J m pm°d. Ic "1'2' .n-T1K P«T>t diange in the
toEated/<!oatrol relationdup in a givm posttnatmcrt pniod
relative ta the tnated/control idalioasliip in thepiBhrat-
meat period, for each period k, was

conlnl TdaBimdqi on day i, yeais j m the pretnatoeat
Ileriod: 7be. meaa at (log-aaEsfennal) daily'flow aT&e
control basin on day i for pniod k was;

<a E to(°»)/"t
TS

4> - (cxp<'»-'»> -l) . 100

far pmoda k - 2,. -amA where d» - pacmt cbmge on
dair 1. ycT J in paiod t, Ca = teated'control rehtimslrip
on day i, yoisj in 5-yrposttreBBnmt period 1c, cii-ttrated/

where a^ = number of ycais in period k. Tlu aiisolute
change in nreamflow (baclc-trani&imiEd to unitB of mm/
day) in the bated basin idadvc to the control baan on day i
of 5-yr posttreatciaB period k was:

A = rftt . OEp(<ftt)

Tie detwtioE of change m paired-based tXperiments
depemia (uadamcntally vpaa alias, wbosc inlfflpretefion
can be problematic vbec the linmnifiator (flow at die
control basm) is a small Dumber; JSwiftal ioeasures WCTC
taken in the analysis and prcseotBti^i" -oT'Tesulte to
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5 I9M W5 1WC 2005

WDS2B3

oorifc. ISIMSOyn (.telnm 1/2)
coufB; l5(MSOyre {Aiulffiwi 6 }
Wrifcr, 15<M50 yi» (AnAw* 102, W5)

coal&r. 150 yn (Coyote 3M)

cottifcT, 90ynC&*p»rOl)
-.t - .. confer, SW yn (C-par Bt)

ifecUun, 12 pi (Co*c*i 13/14, 1M8. >KI)
ilnatoiu, M»n (C<»»a»37S6)
teadooot. 36 yn (Omwcta 7/34, 13/2)

deriitiww. 50 yn fftutBw 1/4)
dcddamu, $6yn <Jhswfw7^

llaailKU. 27 y» (UiNindBnKk 2/3)

fcUliau. K»n (ad>tndBmA«3)
duddana, 45 yn flfittblml Brook. 2/3)

<S!!,^-^T^?S?>nl^tfae I'^atem 8ma!l painrf-wtfeidtcd Hgiaimeais tiramined m this study.
EDBSindicato dates offiiren luivert andlicibidiie lieatmenB (where ntevm^. E^iafamBme

mangedby^ftuEit type(ccmifer, dcciiiuousl; m liic teated/coatrol pair and age (tim' sface mBstrecmt
forest dishubancc^ of die toeatcd watariied. Veitha] lines nxUcate ftc date'of'fawt'nmwai." Some
teannmt^lastcdfor multiple yctm: forerts wem huvcsted over 5 yn at Aadrews~i,'Tonim 7md

Brook 4; hatadde was qipBed Sx 3 yws at Hubbaid Bpnok 2 aaSfemaw'7~.Same tn^d
waterahcds (AidrewB 10, Coweaa 7, CowwU 13) were coinpared to more &m mc'contiofwdashA

againiit ttuslcading mteipiBtations fium rstios. Streamflow
data wens filtered before analysis to remove veiy tew flows.
Days with atnamflow less Ihm 0.01 mm were treated as
musing ralucs, and stmmrflow changes were cak-ulated
only fm day with less dian two missing values in any
flye-year puithcatmmt paiod. Both absoiute and relative
changes were calculated to identify instances where very
laigc relative chmges were small in absolute tenns,
Relative changes (ly and absolute changes ((t) WBE
MBiootbed irifc a 15-(tey window to .reduce diecsflfect of laige
cfaaages on any ghrn day, and figure ajus were. iatricted
to exclude the occasional values that are improbably large.

Statistical malyses were ehher noa-paraiBetric tests based
op counts of days caxcdiDg some threshold ofdit and fc, ur
regressions of average percent changes by season ratbCT" than
daily vahws;"

4A Hypottieria Tab

[is] Hypotheses involviDg scasoiu were tested using chi-
squared tests of mdcpaideace of streamflow changps by
season ISamsay and SchieftT, 1996]. Oays wUi absolute

streamflow changes were tested far independence to
(1) moist periods when temperatures are conducive to
evapotraiupintion, and (2) mowmelt periods. Days wifli

lUihZ. B^iteia TmBdfCootrol Baaa Puis Buiniual h lUa Sudy

Ttaated/Codrol
Basin Pair

Autewalff"
AuhcroW
AntowilOfl"
taskcviW
OupaC/I"
CuparE/]*
CofMsW
Cow«ta7/Z
CinmuWf
Cwnul3/2
Camed 13/14'
Camtta 13/18
C<nnaa37/»C
Fmnw 1/4'
TimmW
Hubbad Brook 20'
HublanIBmokW
HaUari Bnnk 5'3"

BaaiaSizc. ha

TtfatcS

M

IS
10
10
w
w
49
59
59
16
16
16
44
30
29
16
36
22

Control

u

22
a>
9

21
21
»

13
33
12
61
13
49
39
39
42
42
42

Toal

1913-2002
1964-2002
1969-2C02
196S-2002
I98(-20(t2
1986-2002
1964-81
IWi-W
1SO-W
IM7-C
1937-C2

 

7-62
1944-96

1W1-MOI
iwi-amn
1911-96
W8-96
1958-%

Stcamflow Rcoonf, Ycm»

Pretnacscnt PosanataXBt

9

1C
(
(
(
t
6

12
u
2

1
2

20
c
6
7

12
u

41
2(
27
27
II
11
11
20
20
23
D

23
43
44
38
31
26
13

Tletote fiiBD finirtmn bain pain are ouuuned m dctaiL
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1Ute 3. Sww, Defined by DXK,, Disdiasc, Runnff Ratfa, MimDium and Mniinm TTTtura Fmn Cutarf Bute'
M(Wt

Control Baria

Date
Diichase, nua
Ruaosffnaia, M
Min leanpraatuK, *>C
Max temperature, *C

DUK
GStcharge, mm
Runoffnfa), %
Min tenycratore, "C
Mu taBpnature, bC

Ban
Dufaifgc, mm
RuBofFiado, %
hfin-tempcratun;, "C
Max teayntore, "C

Date

Dischage, rom
RimofftatiD.%

Min tecipcnline, "C
Max teiapctftasc, *C

Ddcs
DiAChaEC. aun
fomoffntio,%
Mia tenypeature, nC
Max l.ciopnature, "C

Datea

Duchu(c>mni
RunofF ratio, %
Mm tanpCTtare, "C

Max tcBqxnture, °C

Dues

DiaAugc^nun
Rucoff ratio, W
Afia tempendun,, "C
Mn tempt ntun, *C

Dfltea

DttAiuge, mm
Riagff ratio. %
Min teinpcistnre, "C
Mm teinptttfcre, "C

Bate
Discharge, mm
Ruaoffnt».%
Min tcnpcratnn, "C
MM tanpcTBtmt, BC

DateE

PisdBBge, mm
Ruooffntio. ^i
Mn teaapCtB*me, eC
Max tenycnteB, <C

Cool

lo/l -\in
230

36
3

»

9/ii-i2re
I7(
2»

4

12

9/12-11Q
190
91
4

11

11/5-12/25
124
51

1
7

1U23 -4/24
32
12
10
19

Sncw Accumulation

10/11-4/30
4M
0

-2
8

10/17-4/17
578

57
0

14

10/17-4/I7
658

59
0

u

11VI7-4/17
1100

89
0

14

Amffvws 2
12/1-Zt

525
74
-1

4

AR^TVWS 8
iw-i/w

434
(7
-1

5

SsuSwvs f
120-3/2

690
70
-I

<

1206-2/4
162
115

0
6

Coyoierf

Snawmdt

w-mi
546

72
»

13

2/11-&M
S24
70
4

14

3U-3/27
128
a

-1
«

M-5/20
201

37
a

12

Casparf

Hubbani Brook 3
1OT-3/16 3/17-M5

346
38
-7

2

Fewow4

348
17)

0
10

CcweetaU

Cpweeta54

Coweeta 36

Ihy or Mwrt Warn

6/13-9^0
44
28
10
25

605-9/10
23
24
II
26

3/28-9/II
2)9
45

B
21

mi-ii/4
2-1
1C

»
22

ws- \\m
415

<6
6

12

5/16-9/30
144
28
11
21

5/1-11V10
IM
23
11
23

4/18-IOT(
385

49
12
26

WS-IWS6
509

58
12
26

4/18-IIVK
387

61
12
1C

Water Year

111/1-930
1344

ss
4

14

KW-MO
1160

53
3

14

wi-saa
1222

54
4

14

10/1-9CT
ill
52

s

15

WI-9M
447

38
8

16

10/1-OTO
837

63
-3

6

IW1-OTO
642
44

4
IS

I Wl -930
962
54
«

20

WI-SM
IU7

S9
«

20

in/i-ftso
1(87
n
6

20

6ofi9
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Til 4. Nunbns of TreaudCoBanlBasm Pain by Basin Type"

Seasoaal

snowpack

Transient saow
brnOBBow

>IU) Yca-Oht
CoaifcrFwest,
DrySuaUDet

Aodiws 1/2
Andrews 6CS

AfldrewslftQ
Coyote 3/4
CaqwrCT
CuparE/I

Huaibcrofpaira 6

<95 Ytn-OU
Deciduous Forest,

WttSummei

HuUbard BroA 2/3
Hubfeatd Brook 4/3
Kubtanl Broot !0
Feduwl/4
FCTKTO 7/4

Co»tUa704
Coww 13/14
CawcdilJ/X
8

/1[^ ̂  <»aifc»M seuonnl mo^ttani^ Beasoori auro; dcridBoi^
no acMODSl Bo°nn. dw;idil<lw>_ Kawnal aww. Baiin ̂ pea are baEed'cm
vegettkn type rod fotat age fa controt bum as of20fla (tcoeAw cwBt
recent fiHwtdstinbaacc^ sanaaar ptecgwtatiott, and piatacB/Bba»ccofa
MMoasl Bwwpadc A »ca»iml mowpadt pcraisto fennit?ioitf Ae mi^
»iunNt nroimt Bimpatk m^ pCTia fi>r mly » few dBBtc ii fei,
»«ka BT, 1911]. Sa>«r»!uon»iifuba«alonlmie4Bmimcrdilaim; s"
date at HiAterd Broot) UK) mo&lmg lArfw, 19P7].

and Q* me moisture ttHstolds of 2 nun and 0.5 mm,
respectively. Warn perinis were defined as all days i for
which Tmny > T£uu and (ibr waim, diy periods atcowSer

Nuubn of Pun basins) Pi < F* md Q, < Q*. Periods in whidi snowpads >
were ppcsmt wee divided into days fbi wlricli S, > Si., .
(accuaailatioa) or S, < S H (melt). " ' ~" ,f

[21] HypothesesinvoMog succession wne tested by '
g linear wpessioa IRamsay mid Scha^er, i 996]. KtspcuKC

rariables wans flie sum of daily slreamflow ctiaogcs (i by
season md for the wholt water yeg,^ ,^1 these. sunis ffi
paccDts of seasonal ar anoual stieamflow (Table 3). The

M ildq'endeatTariablewBstiieiiifl'aenccinagebetwcaiflie
control and tnadsd basin (Table 1). Data points in regres-
Tns wen coded by basin types (1) comBsc, seasonal mow;
(2) conifeT, tnmiient or no saow; (3) dedduous, seasonai
snow; (4) dcdduous, transient or no snow (Table 4).

relative Etreamflow changea wen tested tar indtpendence to
warn pcrioda. For each period k, absolute 'slreamflow
duages were defined as all day i tx which the
smoothed values of

A > s[ta(^)]

where s[ln(a,j)J waa the bBck-tnntfenntd, Binoolhed
standmdjjena&m of a, fbi all yeais j m flic period of
nasnid. Tliusnd^icis the count of days i in the water ycu for
wbich fa, die absolute clangc in the Inated/coidToi
relatinnship days in period k, exceeds the vniafloa in ihe
entire record of sbcamjBow <m ttat day <i flic contmi
watnshed. Relative streamflow climges wac ifcfined as all
days i for which die 15-day smoothed values of

.t>>25

Thus Bnu; is a count of days i in the water year on whuA the
trealed/mntrol relationship to stieamflow in period t

.changed by more than 25%.
[a] Counts of Ssys mffi absolutt and relative cliaagea

(uAi.t, nnyj were subdivided by aeasm. Evay day of the
water year at cad raalrol basin was classified into one of
four seasons based on soil moisture, temperature, and
SDOwmdt  blc 3). Two leasons occunEd at baans luAmg
aaowpacfa: (1) wmn (and Ay a! coDifii basios, moist al
daaduous basins), and (2) moisl, cool. Basina wiSi EOOW-
padB tad two aiditiona] smaae: (3) moist, mcw aecumu-
ladon and (4) moist, mowmdt Sweaas were defined bmcd
on mean values over the entire period of record at each
coidrol basin tot each (fay I Of mnTtmmq and inaTtnuttg
tnnperatines fTnn^, Tinuj), pTecijatation (PA rireaaflow
(Qi)i and BDOW water equrralcnt (Si). Warn, mout periods
wnedefinui as aU ̂ 8 i for wiuchTnaM > T*nda, PI > P*,
and Qi > Q*, ntens T*ni, i» a temperature flmahold of 5°C
fin deciduous ferests and 0.1°C fcr comfer forests, aad P*

S.l. Summer rredpKtton and SnBwneU Effects OB
Dtfly SlreuiUow

[22] Daily streamflow jespoada to summer pmsipilalioc
and snowpaA duracterislics of die basins. ThePacific
Northwest (conifeT forest) bas dry smnmnG, whereas tte
<a8t (<IBCid»o><s fbnst) has wet sunmas fKibles3md4,
Figure 3). In comfer forest basins with traasient or no sncw
^Andrews 9, Coyote 4, Casym I), anoothed daily stem.
flow peaks m Januaiy or February and dcdinra rapMy
starting in March, as prccipiti. tion declines and minunura
ttaupaaluin rise above O'C. In deciduous forest basins
with transitnt or no mow CFCT"«. Coweeta), streainflow
peaks in MAch, just beftm leafed, md licciines i^My,
despite caostaot prccipltatioiit afiiHr mmimiirn tanperatiutt
rise above 5°C. fa coniiei basics wift seasonal snow
(AndtEWs 2, Andrews 8), sbeamflow rBinains elevated ate
SDowmdt m Maudi, April, and May (Figure 3). In flic
dcciduous fenst basin vnfli a seasooai mowpact (Hubbari
Brook), streamflow decliacs afler DecanbCT as tte snow-
pack fenns, rises to a maximum in mid-April duiiag
sttowmettt begins to declme in late Api ii, and contmucs to

dedmc rapidly after minimum tempentures rise above 5°C
in May (Figure 3).

5.2. Sauanal Effecta

[23j Large streamfiow changes, in botfa absolute and
. Ye tomls' wcn associated widi vegetation change,
but they occurred duriag different seasons and time
periods in vmouE basin pairs. Absolute changes in daily
streamflow aftn 100% &FBst naoval weie strongiy
seasonal, and ranged from tlight decreases of up to
-2 nun/day, to no change a3c all, lo increases of as maiA
as 8 mn/day (Figure 4). In coaifer fbisst baEins, dafly
anamflow increased by as mudi as 6 to 8 mm during die
&U, and 2 to 6 nun m the 'wtnter and Bpring, m tfac 1 tu 5-yr
period ate fbrest mnoval. Some incnascs pnsisted fat
up to 35 yeare. la deciduous forest 'basins,, streaojflow
changes vcse both posttivt and negative, and occuned
during sunnier, umwmelt, and oflier periods. Except u
one heibidded basin where initial mCTcascs wcte laiger

Note to Tbbie 3

faS^T^'K^TS^ dA,d h »« «a R»,offrto i. .i^ii^cip,,^ « 100. n. ̂  .^ " "", ", ̂ ,
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Sl  LAbMtesSS°lwchmIi° i°wm\M°"t SEasms Ato_''T< Itau>»»' "1 DTE F<»ea R^iTa " Fouten P«te of
SmaB Expcnmsital BIBJDS m pac&Noitfnwst Coniftr and Eastern Dccyuons Foreils, USA'-" --"~"'

Hypotiusis/Season Ttefftmect 1 to 5 6 to 10 1] to 15

AnAcws 1/2

Change (nun)
Odda ratio

Andnms6/8

Cbage(mni)
Odds ratio

AadrCTit 10/2

Qianec(mm)
Oddstatio

Coyote 3/4
aungc(ram}
OddsBafc

Caap&rCa
Ctiangc (mm)
Odds ratio

CnparE/1
auu^cfmto)
Odds ratio

318
-?

<u
2B3"

421
!

108
<.

265
y

196

114

293
E*

237
2

M

7"

284

214

52»

Years After Fonst Rcmovd

K to 2» 2] B 2S 2( n> 30

Coftlfer Faresis

229
7"

Ml
4ii

91
10<

240
"13"

268
f

-16
3»

238
-6i

205
2

-30
4l

.3
104

7"'

-31
2

31B3S MB* 41to45

ISZ
4'

Hubbad Brook 2/3

aunga(mm}
OddBiatfo

Hubbsri Broot 4/3
Qn^Bc(inm)
Oddsnrio

Hnbbad Bmtik S/3
Oang&Cinm)
Oddtiaa'o
Fauwl/4
Chtoge(iBB)
CUda ratio

TcmavW
CIiBB®e(nm)
Oddsntio

Coman 7/34
CIamgc (mm)
Oddgntio
Comaa 13/14
aumsfl(mni)
Odd* ratio
CamanM
aunfic(mm)
Oddtiatio

DecSduws Fowls

66)
T

66

262
~3>

101
0.1

131
0.4

IS6
4Si

149

105
03'

17
0.8

164
13d

51
0.4

79
O.l

67
0.3

16
0.1

«0

1

0. 11

14
os

tl
2

-17
0.4

37

0
IU

16

9

-37
th

-28
o.y

S5
3"

-21
0.1

-M
0.1

-3.7
03

27
0,1

-16

86
3*

-39
o.«

-15
0.2

-61
0.1

34
4

-5

-63
4"

-28
O. l"

-59
«1

-d
u

52
1.6

-46
os

4
u

-51
02

2

0.1

-38

-fl
oii

u'tS^^,^"^^'>°'mfa.nid'bB"''wnd'°tonvMI la~ TmKL Blmk' ".»" .u dua f»raa lime period. Dd«a Mcm aa DO
2iz'^^ib^°*s'OM^M'^^Atf^^ co^;;?;tr^.^
^^^B^^^^^^^^^-'^^n-^^^^^^^^^S"^
^«^^^v'havia^titt»m^}mamia^iteii^^taM ^siMie»mvinsta6iMU^
%'T^ to* °I1md?"^ t>ct°m'i*^l<CTBflm *°?i ̂  .« T^ TU »°m »" ̂ ^1 S ̂  S.TO.

Bffi of iidqindme bclw^ . Imtne inanlkm claiwt ad tbe t^ mart i^ ^ nmfimt u S < 0'^

(Figun; 4g), dafly Btreamflow in dnriduous basins increased
by no CKW tbm 2 to 3 mm in flie 1 to 5-yrpoiod ate fbnst
remoyd; Aflcr a decade of finest legmwlh, streamflow
Bwpluscs became deficits in several decujuous basms.

IM] Rtlarivc changes in dafly slreanflow afler 100%
Jorest removal also were stroqgly seasonal, and ranged

^ from mitial mcTcascs of a few tens to hundreds of percent
(Figure 5). Is. conifer forest basins, daily streamflow in-
nosed by sevnal liundred pereart during the late summer/
carty fidl (and late spring, at Caqur Credi, bat nsults are
aficcted by missing data) in the 1 to 5-yr period after ftmst
removal. By 25 to 35 yeas after forest removal, maximum

simmer deficits nnged Corn -30 to -50% (Figure 5). 1c
dcciduous forest basins, daily strcanxfiow mciwsis ranged
fiom more tfaan ecvcral bmidred percent (io hatiieided
basins), 200-300% (al Hubbari Brook and Fcmow), to a
few tesss of percent (Coweefa), in late summer and caiiy
fall in the 1 to 5-yr period aflCT forest removal. By 25 to
35 ycara afler forest removal, maximum sununcr sticamflow
deficitsranged fiom -50% ̂ iubbaid Brook and Fcmow)
to -30% (Cowccta) (Figim 5).

[2?3 Seasons were accurate predictois of v/hca sbream-
flow cbaajgc occurred. Absolute streamflow change was
significantly associated with waira moist periods in three of
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W8S203 "NES AND POST: SEASONAL AND SUOCESSIONALSTREAMFLOW WOS2B3

T^.^!l lb^w.caSe°I^sn°'raKlt. Fa'°*.AftcT Ii?"»'R"°»d "ri Driig Fo^t Regnwtt y Fourta, Pain, of
Bxpcrimnlal Basins m Pacific Northwest Conite md Eastern DaadumB Foints. USA''
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forest cfiects on streamflow are stroqgly seasonal, and
depend upon fbe age or successional stage vf fee forest.
Tie analysis involved a complete rc-imalyris of primary
data usmg a novel approach to paired-basm finalysis» ratfaer
than relying upon reviews or mcta-flnalyses of published
studits as in Bosch ami Hmlelt [1982] or Sabmson et al.
[2003]. Our findings may differ slightly fimn publidiwl
values fbi specific sites [Sathacher, 1970, IflS. 'Douglass
<"ulswm'lc- ?972; *tor<tat, 1979, 1982; Swffl and Svmdc,
1981; Hombeck it at, I»3. 1997; Marth'ri a/., 2000;
Lewis el at, 2001; Swmk el at, 2001] because of diffc--
eoccs in watnslicd pairing, use of daily avenge flowii, and
log-lronsfcnnatum of data. The remltt are ntevant to eco-
phyaoIoB', ̂ obd change nodding, and tttcarn ecology as
wdl as hydrology, and tjicy iii^iiight die fiitun potmtid fai
pared baanexpcrinKato.

[31] Atmospheric BtEEsscs (i.c, temperature. vapas pres-
sure) and soil moistere stresses imposed on individual
plants [c.g^ Eas/eson, 2002] scale ttf T to infiumce stieam-
flow at Ac small watcrafaed stale, producing streamflow
wspoaacs to forest removd and regrowtfa that wtn con-
ecntrated during aeasoas wfaen rooisture and tenycrature are
conducive to cvapotransptratioa. Evapotranspiratioa
depends upon (among othca- dungfi) soU moisture, net
mterceptioD, and evaporation ficm tfae carffipy (Figure I).
Streamflnw rcsponsts wen laTgcr in absolute tons after
removal of oonifcr compared to deciduous forests, far
basins witfa analar meau annual precyitetioii, confinnuig
Ac site-sptcific woA of Swiuil: and Douslass [1974]^
Coniftrc are adapted to use water throughout the year, as
long as Boil raoishire and tcnipcratures are not lunjtmg^
vAccas transpiration in d^duaus trees is limited to periods
when leaves an present PIfmt-level differences between
cooifcr and deciduous forests were accentuated at the basm

scale in fliis study, because comferous fcaests watt older
than deciduuus ftmsts, and evapottacipmrion flum decid-
uoua uadnstoty and tariy suaaasional components rf file
regenerating conifcr slauds was limited ty'Ay suiamen
typical of these western sites.

[32] Changes in forest canopy intemctioni with die
mowpadc over the course of succession provide a possible
ateroaSve mechanism fbi donnnmted iong-teim chaages
in saowmdt niaoff yiodfddns at at, 2003]. Seasonal
saowfesk volume, and hence SK mow wetcr cquivalcn!
avaflsbfe to melt in Ac spring, <iqxads qxm the balance of
additions and losses to nibiimaiioa and nelt (Figun! 1).
Rfinofval of dcciduouB forest canopies mcreasca the eqw-
nuc of cold snowpacka to wmta- amlight in climates of
eastern fincsts, aod characteristically dense regeacratiflg
stands (c.g., of pin chcny [Maria, 1974] nay mtcicept
more snow, eahandBg euHimstion and re-ducing saowpsck
volume. Thcrefcn in the first decade aBer lemovd of
dudiuous forest canopies, snowmdt BCcmred cadin aid
BtBamflow was mhutd daring the niowiBclt pcrind cou-
pared to 40 to (0 yr-old forests (Figima 4g-40. Tbii ctftct
was reversed after two or flaw decades of fimest ngaier-
ation, and raowmelt occiured later, but etecamflow
remained reduced during the mowmdt period compared
to fee control, fa contrast, removal ofcmjifer forest caao-
pies decreases utEiteptioa and increaas die aqposure of
warn snowpB tte to tadialive heat losses, coolug mixed
taia/snow to snow, in climates of Pacific Northwest
fcreste [fSarr 19&1]. Moreavcr, qiaise regenerating stands
[ !pCT7i, 1989; Acker et at, 2002] may intercept less Bnciw.

All these factore enhance mow accumulation aud mcre&se
saowpackTOlumcp&rfeaa;, l»8;awdte(a;., 2002].
Thracfiire in Ac first decade after renwvd of conifer ftuest
canopies, snawinctt occurred earlier and streamfiow was
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?g??-^"»-?^_? ,time 8mt* 'iwtment (5-yi penod after fbnrt removal) an absolute dungcs
fa slnamfiow (nan) in &u"em biatcd/amtrol basin paira. (a) Entne water yea^OOmonmdt
period, (c) warm, Buisl period wiflKMtnitnir (summer for deciduous forest ritee. &Ufin'cmfCT femi nt
« Aagustlowflow period. X axis values are I .-tnatmeat period, 2 - r to 5-;
10-41 lo 45 after forest removal. " " ' -~". --....'

increased during Ihe snowmelt period compared to 125 to
500 year-old foreste (Figures 4a and 4b). Ate two or three
dccada of foiest regeBKation, EBowmdt occuntd late, and
strcamflow during Ac snowmdt period remained elevated,
conyarcd to flu control.

[33] Streamflow variability in winter may be coupicd to
forest vegetation fluough lagged cffecte transmitted by BOJI
TDOiBure tesnvoia. Lagged tffects weie United to cuuon-
stances .wbsa moisturp was hdd 'st high tensions, such as
ttfcm soil moisture cointert was Icw or sofls were very .Gas-
texturecL So3 moisture et high tensioas has low hydraulic
conducrivity, BO . "pulse" of increased a decieasal soil
moisture could take months to travel from the rootiog anne
tinough a small basin to the gage. Thus in deciduous Bites,
maximum stecamfiow responses in summer appeared near
(he middle or cad of flu warn period (Figuns~4g-4k, 4n).
la two cases (Figures 41 and 4m) Ac maximum streamflow
respoiase appeared several months after the end of (he
summer, an eSbct noted by effllicr woii-as ISwank st a(.,
1988]. ' ~~ --'----'

[34] Tbs strong rdatioaslups ofstreamflow cfaaage to two
aspects of forest age (tune since treatment and age of the
fvaest at the time it was removed) support the nation that
forest succession results in more cfficicart use of fixed
moisture resources [Eagleson, 2002]. Forest age is a proxy
far forest condition, whicli u^iucoces liydrologic processes.
Specifically, tiaae since treatroeot, and time smcc most
recent seven disturbance are proxies fer leaf ana, safiwood

dmsitiee, Epecics compositioii, and cmqiy structuns, which
in turn are proxies far intwcqrticm, cvapcnatiooi, and traa-
qimtilm. Thus as notd ky Honbeck el aL [1993, 1997]
and Swank at at. [2001], young (10 to 30-yeaT old)-forestE
regcDcrating fiom distaibaooB were hi^icr water uscis per
unit leaf aiea ton older fonsts (12 to 450 years older).
However, based on 14 bnsa patrs m boA comfcr and
deaduoas forests, young fincsb (10 to 30 yis oM) wav
faghB water usere dim old fiamte (70 to 450 yis old) only
m relative tttios during late rammer pcaods (August), fa
fad, (he umvene was biic removal of old (90 to 450-year
old) conifer forests had a laiga absolute cScct on stiam-
flow dun removal of young (13 to 56-year old) deciduous
forests. As forest succession proceeds over 50, 100> or
500 yesas, maay factms ((he niereasing age of indhdctuai
trees, changes to water uae by new spcdcs succeeding in Ac
ovcrstoiy and imdastoay, altered uiterocptioo capacity, or
development of a canopy epiphyte comniumty) may in-
ocase &c ability of a forest commuiuty to capture mid store
water. Distuitancc hisloiy can hdp l>rc<Bct the ranges of
streamflow responses to ferest ranovd, bul Antfier wnA
[e.g.. Link 2001] ffi needed to cluddate the many hydto-
bgic mecfaanisDS flut operate in aging forests.

M Sbeamflflw responses to fimstnrooval ObsCTvcd ia
this study mdicate that forest vegetation effects on stream-
flow variaMfty may have consequences fer snam ecology
[e-S; Pof et al., 1997]. In batms draimng northwestern
conifa forests, pcreistml absolute E&eamftow increares
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Figure 7. Efifect of forest age at die time of harvest (time since most wccot forest distuTbance) on
absolute change in water yidd &r various seasons and stages of succession. &iliie water year. (a) 1 to
5 yen and (b) 15 to 25 year periods afin finest removal WanB, nioiat8c8a)ni &nfoi comfiiis, 8Utunffl'

ft» dedduoug forest (c) 1 to 5 year and (d) 15 to 25 year periods afln fimstienuvaL Snowmek acaaon:
(e) I to 5 yea and (f) 15 to 25 year periods after fereat nnovaL Cold season (mnfer): (g) 1 to 5 year and
(h) 15 to 25 year periods afler forest removal. Habidded basin (Habbari Broolt 2) was oicludcd ftom
regression fin- die waim, moist season, 1 to 5 year period after forest remafvaL Lcast-squares fitted log-
lineaj models and r^ valuw are showiL

Airing spring, combiDOd wifh persistent relfltwe summer
deficits, imply that stream organisms are subjeaed to bigger
ranges ofstreamflow variability ia young coiaparcd to old-
growth finest stands. Basins draimng young castcm forests

also may experience higher alreainflow variability com-
pared to older forests as a nsait of the combined d&cB
of forest canopy oa slnamflow through changes in mow
accumulation and tnelt, and summer water use.
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[»] Th mdiiods iced m dns study lepresent a departure
from prior ivoric, and indicate fbc polmtial for coaitiaucd
analyses ofpaired-basro e3q»eruuents.

[i»] 1. Tie tteatod/cnnttol nlalimEliqi in paired-basin
cxperirocals, rather Aaa a black and white one, cm be
viewed as a function of continuous, and continuously
changiflfe diffcrcoces between besms in vegetation Ktiu&-
but, compoaitioc, and clmute. Thus multiple basins may be
used as controk for a gives treated basm, and the responses
may be compared.

[»] 2. Pafacd-basm records provids tfae opposriunily to
quantify and compare streamflow responses at multiple
temporal scales, including etonn events, seasons, aucccs-
sional periods, and ifcciuia] climate change. Wcxt is nenfcd
to examine bow strcamflow responses at seasonal and
snccessianal tunescalcs, addressed in this study, mtaact
with ttrcamflow responses at the stann evat scale [c.g.,
Anes, 2000; Lewis et a!., 2001], ami at flie scale ofdecada]
climate change [e.g., Greenland et at, 2003].

[39] 3, Small paiml-basiD experiments permit compari-
son of strcamflow responses across vegetatiaD types and
treaancDts, climates, and basin scales. This analysis, which
was restricted to <10Mia, mountaiaous. temperate dedAi-
TOIS and conifer forest basins, could be extended with
additional replicates of these baan types, or recoris 6om
odw climates, other treatments (c.g., fire), or Btha- vcgcta-
tion types. The voy high strcamflow variability at basins of
00 hn may obscure some hnpnrtmt sbeamflow chaDges, so
icconfe faun larger basia scales should be mcluded in
analyses. Relevant date are available through Hydro-DB
[Alter 0 at, 2000].

[<w>] PredictioB of streamflow from ungagcd basins is a
major ongiong challenge for hydrologists (see c. g., the
FUB initiative, Wp:IRabs.m£a). Ttas study indicabs dial
to some extent sbeamflow can be predicted from cliaiate,
forest type, and disturbanu: history effects on hydiologic
processes. The approaches ppesented in this paper provide
uscfiri advances for underetaniBng and prediction ofhydro-
logic responfie.

[.<)] AdBxnriedenaeatt. Tlas natarcfa ww mpported by KKtiotu]
Science Fcoadatioc gnnts DEB-P5^69S7 (LTER. InteBac Hydrotogy),
Ca«-12162, BSR.ii. l432S, BSR41>-l 1663, and DEBW.32'121 (ftj.
Andrewa Umg^sna Ecotogual Rtseandi (LtER.)); by NSF gracto to flic
Caweeto and Hubbud Brook LTERs. The USDA Fonat Sorvicc hBBdy
aapporii hny-ieaa »tFeamBow and clanate Baotutonng at &c fytomng
atw Aodrews (Phrific NixdnwBl Raeudi Sta&m), &q»ar Oedc yanfic
SouAwctt RttesnA Stelion), Cowcctt (SaoAcnL Research Statiwi),
FcmcfW, aid HubbaFd Brook (Norfeeastem Foreat ExpcnmBDt Station).
The USDA Forest Scmcc Washiitgteu offi« ff>. Byan, P. Dmm) proridad
fandtas for ft? dewlflpmait of hydr&.DS. Data ind cxpertiac vere
pronded \sy F. Bicrieauiei, C. CTBCI, G. Downing, R. Fndriteea,
D. HenAaw. A. Levno, 0. LicnfcacmptT, J. Moreau, S. RnmUBrd
(Anlnm); J. Lnrit (CMpar); N. Gudns; W. Swmk, I- Swift (Cmwett);
M. B. Adjum (Famow); aul I. Cuipbdl, C. Cogbill, J. Hnmlxck,
W. Manin IHBMiari Bmot). We Tn)d Ba B Ibuk 1. 1. Major aid F. J.
Swamon for htlpful dacuwioits. 1 Hombodt, J. Lewis, J. McDonncD, L,
Beid, W. SwulE, and two aconiymn» wviBweiB piwidcd b^ifcl couananto

cu the roaausaipt.
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AN ABSTRACT OF THH THESIS OF

Timothy D. Pery for the degree of Mastetof.SaaTce in Geography presented
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Title: Do Vi 'orous Yo n ' Forests Red e Streamflow? Result . from u to 54

Years of Streamflow Records in Eisht Paired-iyatershed Experiments m_theH.
Andrews and South Umptjua Experimental Forests.

Abstract approved:

Julia A. Jones

This shidy 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 dearcutting, small-patch cutting, and overstory

thinning m the mixed coniferAirush zone were studied (1 watershed (WS)

each) m the Coyote Creek WS of the South Umpqua Experimental Forest at

42° 1' 15"N and 122° 43' 30"W. liydrcrfogic effects of clear cutting (3 WS),

shelterwood cutting (1 WS), patch cutting (1 WS), and young forest thinning
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(1 WS) 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 predpitation and dry summers, producing

minimum streamflows in August and September. Changes in flow

hequency distributions were detected by counting days below streamflow

thresholds where the thresholds were established using percentiles from

pre-cuttimg 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%)

prccommerdal 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 spedes 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 to 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 gaugmg, streamflow trends

over time in control watersheds, and multi-decadal fluchiations in regional

climate over the study period. These findings support the notion that

variable-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 regenerating Douglas-fir forest in the Pacific Northwest.
USA ' - - .-.-............

Timolhy D. Perry, Geography, College of Earth, Ocean, and Atmospheric Sciences, Oregon
State University, Corvallis OR 97331

Julia A. Jones*, Geography, College of Earth, Ocean, and Atmospheric Sciences, Oregon
State University, Corvallis OR 97331

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 ofold-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 to 43-yr-old plantations ofDouglas-fir was 50%

lower than slreamflow from reference basins with 150 to 500-yr-old forests dominated by
Douglas-fir, western hemlock, and other conifers. Stiidy 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 ofsapwood area, higher
concentration of leaf'area in the upper canopy, and less ability to limit transpiration, appear to
have higher rates ofevapolranspiration than old trees ofeonifer species, especially during dry
summers. Reduced summer streamflow in headwater basins with forest plantations may limit
aquatic habitat and exacerbate stream warming, and it may also alter water yield and timing
in much larger basins. Legacies of past forest managemenl 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 streamHow is declining in major rivers in the US and globally
raises concerns about water scarcity (Adam el ai., 2009; Dai et at., 2009; Luce and Holden.
2009: Vorosmarty et al., 2000). Climate change and variability are implicated as causes of
many strcamflow trends (Lins and Slack, 1999, 2005; McCabe and Wolock, 2002; Mate el
al., 2003; Hodgkins el al., 2003, 2005; Slewart et al., 2004, 2005; Nolin and Dalv, 2006;
Hamlet and Lettenmaier, 2007; Barnetl el at., 2008; Jefferson et al., 2008; Lara et al., 2008;
Dai el at., 2009; Kennedy el 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 (Cornish and
Vertessy, 2001; Andreassian, 2004; Brown el al., 2005, Farley et al., 2005; Sun et al., 1006:
Little el at.. 2009). Water yield reductions are greater in older plantations, during dry seasons
arid in arid regions (Andreassian, 2004; Brown et al., 2005; Farley et a/., 2005; Sun el al.,
2006). Yet, downstream effects of forestry are debated (van dijk and Keenan, 2007).

Despite general studies of water partilioning in forested basins (e.g., Budyko, 1974, Zhang el
at., 2001, Jones et al., 2012), it is unclear how streamflow varies during forest succession,
relative to tree species, age, or growth rates in native forest and foresl plantations (Creed et
at., 2014). In the Pacific Northwest of the US, forest plantations have reduced summer
streamflow relative to mature and old-growlh forest (Ilickse/a/., 1991; Jones and Post,
2B04). 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 ofuld-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; Halpem and Frankfin, f990;
Halpem and Spies, 1995; Lulz and Halpem, 2006; Halpern and Lutz, 2013) and hydrology
(e. g., Rothacher, 1970; Harrera/., 1979; Harr and McCorison 1979; Harr et al., 19S2; 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 streamllow 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 to forest structure and composition in
mature and old-growth forests vs. forest plantations?

2, STUDY SITE

The study examined streamflow changes in eight pairs oftreated/reference basins 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 Willamette National Forest. Three basin
pairs (4 basins) were located at Coyote Creek in the South Umpqua 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 shidy basins is composed of highly weathered Oligocene tul'fs 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 andesilic basalt
lava flows (Dyrness, 1967; Swsmson 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 el at., 1969; Dymess, I 969; Dymess and Hawk, 1972).

The Andrews Forest ranges from 430 to 1600 m elevation; study basins range from 430 to
1100 m elevation^Table I). Area-averaged slope gradierts are >60% at low elevation (AND
1 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
precipilation falls between November and April, and achia) evapotranspiration (AET)
averages 45% ofprecipitation. The South Umpqua Experimental Forest (Coyote Creek
basins) ranges from 730 to 1065m elevation. Most slope gradients are <40% (Arthur 2007).
Mean daily temperature (at USHCN station OR356907; 756 m elevation, 30 km SE of
c°yote-creek)ranges from. 3 °c (DecembeT) to 20 °C (July). Mean annual precipitolion (at
OR356907) is 1027 mm, >80% ofprecipitation falls between November and April, and AET
averages 45% ofprecipitation.

.

Ild:!? basins i!re !ocated along a 8radiellt ofseaso"a) snow dePlh and durat'o" (Harr, 1981,
1986). At Ugh elevation (> 800 m, AND 6, AND 7, and AND «), average snowpack water
equivalent (SWE) on April 30 exceeds 700 mm (30% of annual precipitalion), and snow may
persist for six months, whereas al 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
precipi tation (Han- el a:., 1979; Harr and McCorison, 1979; Hair et at., 1982; Perkins and

Jones, 2008). Snow at the South Umpqua Experimental Forest (Coyote Creek) usually melts
within 1-2 weeks.

Vegetation at the Andrews Forest is Douglas-fir/westem hemlock forest. Mature and old-
growth foresljegenerated after wildfires in the early 1500s and mid-1800s (Weisberg and
Swanson 2003, Tepley 2010, Tepley et al,, 2013). Overstory canopy cover is 70 to 80% and
leaf area index is >8 (Dymess and Hawk, 1972; Marshall and Waring, 1986; Lutz and
Halpem, 2006). Vegetation at the South Umpqua Experimental Forest is mixed conifer
(Douglas-fir, white fir, incense cedar, sugar pine), and overstory canopy cover is 70 to 80%
(Andersoneya/., 2013).

At the Andrews Forest the first paired-basin experiment began in 1 952 (AND 1, 2, 3); a
second paired basin experiment began in 1963 (AND 6, 7, S) and a third paired-basin'
experiment began in 196S (AND 9, 10), with continuous records except at AND 7 (Table 1).

.

l.e-.?e-at-me"t-[":rl<x*s excee(ied seven years in all cases and were ten years for AND 1/2,
AND 6/8, and AND 7/8. Streamflow instrumentation changed in sonie basins over the period
of record (Table 1). Because of the timing of instrumenlation 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 1 963 (Table 1).'
The pre-lreatmenl period was seven years. Despite a break in the record from 198lio 2000.
streamftow instrumentation is unchanged (M. Jones, personal communication).
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3. METHODS
This study examined changes in daily average streamfiow 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-Ievel vegetation data were used to calculate basal
area for all species, proportions ofbasal area for major species, and size class distributions.

Daily streamflow data for the period of record were used to calculate (he 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 d was calculated following Eberhardt and Thomas (1991) as:

Ryd ̂  ln(Tyd / C,d) (1)

The mean value of this ratio M for all the years y in a given period/) was:
Mpd = Average (Ryd) for all "y" in "p" (2)

The percent difference P ̂  between the treated:reference ratio ofstreamflow on day d in the
pre- mid post-treatmenl period p compared to Mpj in the pre-treatment period 0 (M»ii), was:

Ppd - 100*(e(Mpd - Mod) - l) (3)

The 15-day smoothed percent change in daily streamfiow, S, was:
Spd = £(PpD*EpD) / £(EpD) over D = d-7, d-6, .. " d, ..., d + 6,, d+7 (4)

The smoothed daily pereenl difference Spii was averaged for 5-year post-treatment periods
and plotted as a function of day of the water year. Spj also was summed by month and plotted
as a function of time (year). Percent changes in daily streamflow were caiculaled for eight
treated/reference basin pairs: COY 1/4, COY 2/4, COY 3/4, AND 1/2, AND 3/2, AND 6/8,
AND17/8, 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 ofPpii.

A daily soil water balance was created for AND 2 based on mean daily values ofprecipilation
and discharge, daily evapolrmspiration estimated from Spa (Jones and Post, 2004) and mean
daily snow water equivalent modeled in Perkins and Jones (2008). In addition, long-term
h-ends in sfreamflow 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
materials).

Flow percentiles were calculated for each gage record, and the numbers of days of flow
below each pereentile were tallied by water year. The difference in numbers of days below
selected pereentiles tiehveen the treated and reference basin for 1 995 to 2005 was calculated
and compared to 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, reflecting 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 meiiziesii) was the dominant species, representing 55 to more than 90% of
basa) area, with varying amounts of western hemlock (Tsuga helerophylla) and western
redcedar (Thuja plicata) in AND 2 and AND 8, and California incense cedar (Calocednis
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decwrms) ̂ and white fir (^&wi' concolor) in COY 4 (Table 2). Trees in AND 2 (N-facing)
and AND 8 (upper-eievation) were very large, with weighted mean stem diameter of roughly
0. 66 m. In contrast, trees were smaller on the low-elevation, SW-facing, relatively hot, dry
slopes of AND 9 and the mid-elevation COY 4 in southwest Oregon, with mean diameter of
just over 0.3 m (Table 2). Stem density ranged from 87 stems/ha at the N-facing AND 2 to
over 400 stems/ha at the SW-facing AND 9. Over a 25-year period, stem density and basal
area were stable in AVID 1, although there was a slight net loss ofDouglas-fir and a gain of
western hemlock (Table 2). The size-class distributions of Douglas-fir reveal moderate-
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 at 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 m2/ha, or behveen
one-third and one-halfofthe basal area in the corresponding reference basin (Table 2).
Douglas-fir which was planted in the treated basins, was the dominant species, Tepresenting
more than 80% ofbasa] area. Stem density was five to ten times higher m plantations than
matched reference basins, and ranged from 533 to more than 1700 stems/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 i 00% cleareut and
burned basins AND 1 (plantation, aged 40 yrs) and COY 4 (plantation, aged 35 yrs). AND
10, which was clearcut but not burned, had a very high number of small stems (plantation,
aged 3 5 yrs) (Table I, Table 2, Figure 2). Adjusting for age, rates of basal area growth were
similar in all the 100% clearcut basins. The unbumed basin (AND 10) and the shelterwood
harvest basin (AND 7) had slightly lower rates of growth in the third decade after harvest
(AND 10)andapre-commereialthin(12%basalarearemoval)atyear28inAND7, 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 ofevapotranspiration and soil moisture in olci-growth forests during the summer (July
through September). Evapotranspiration is limited 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 ofsnowmelt, but these minor changes were significant only at AND 2
(Figure 5). Summer streamflow did no1 change over time.

Conversion ofold-growth forest to Dougias-fir plantations, which reached 34 to 43 years of
age bv 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 plantation
forests had declined 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-commeroial 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 firs< 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 1 00% clearcut basins (AND 1, 6, 10, COY 3)
(Figure 7). Conversion of mature and old forest to young plantations produced streamflow
surpluses in winter and spring of 25 to 50%, which persisted virtually unchanged to the
present in the Andrews Forest, bu< not al (he drier, more southerly Coyote Creek (Figure 7),

By 20 to 25 years after 100% clearcutting, summer slreamflow was lower in all plantation
forests compared to reference basins (Figure 7 a to e) and also in one 25% patch cut basin
(Figure 7 g). In 100% cleareuf basins, summer streamflow deficits began by early July, and
persisted until early October (AND 1, AND 7, Figure 7 a,c), to the end of November (AND 6,
AND 10, Figure 7 b,d), or to the end of December (COY 3, Figure 7 e). Deficits were largest
in August and September, when stroamflow from forest plantations was 50% lower than from
reference basins. Summer deficits did not emerge over time in treatments involving
shelterwood (50% thinned, COY ) ) and very small gaps (0. 6 to 1.3-ha patch cuts, COY 2)
(Figure 7 f,h). Relative to 50"/o 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 cleareuts) produced the largest summer
surpluses and the largest, persistent summer deficits, which extended into the fall 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, wlien soil
moisture is most luniting (Figure 4, 7). The duration of summer streamflow deficits (defined
as difference in the number of days below the 1 st percentile in basins with plantations vs.
reference basins) was greater during dry compared to wet summers, at low compared to high
elevation, and at the more southerly Coyote Creek compared to the Andrews Forest (Figure
8). Forest plaiitations that were aged 25 to 3 5 years in 1 995 to 2005 had as many as 100
more days with flow below the 1 st pereentile compared to the reference basin (Figure 8).
Within a basin pair, the number of days of flow below the 1 st percentile increased in dry
relative to wet summers (Figure 8).

5. DISCUSSION

This study showed thai, relative to mature and old-growlh forest dominated by Douglas-fir
arid 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 representative of managed (including thinned)
forest stands on private land in the region, in terms ofbasal area over time (Figure 3), age ()0
to 50 years), clearcut size (20 ha), and average rotation age (50 years) (Lutz and Halpem,
2006; Briggs 2007). There are no significant trends in annual or summer precipitation
(Abatzogiou et at., 2014) or slreamflow 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 and timing in forest landscapes.

The size of canopy opening explained the magnitude and duration of initial summer
streamflow surpluses and subsequent streamflow deficits, consistent wilh work on soil
moisture dynamics of canopy gaps. In 1990, Gray et al. (2002) created experimental gaps in
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mature and old-growth forests ill Oregon and Washington, including neighboring sites to the
study basins, with gap sizes of 40 to 2000m" (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 highest
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 ! 5% in references, 18% in small gaps, and 22% in each of the first three years
after gap creation (Gray et at., 2002). Together, the paired-basin and experimental gap results
indicate that even-aged plantations in 8-ha or larger cleareuts 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-jir
plantetions relative to mature and old-growth forests apparently caused reduced summer
streamflow in treated basins. Young Douglas-fir trees (in AND I ) had higher sapflow per
unit sapwood area and greater sapwood area compared to old Douglas-fn- trees (in AND 2)
(Moore et at. (2004). In summer, young Douglas-fir trees have higher rates oftranspiration
(sapflow) compared to old Douglas-fir trees, because their fast growth requires high sapwood
area, 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 el a!.,
2002). At sunset, transpiration ceases, and streamflow recovers. Hence, daily Iranspiration
produces large die! variations in streainflow 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 riparimi zone of AND I, may also
contribute to difla-ences in stoeamflow between these basins (Bond el at., 2002; Moore et al..
2004; Wondzell et al., 2007).

Reduced summer streamflow has potentially significant effects on aquatic ecosystems.
Summer stieamflow deficits in headwater basins may be particularly detrimental to
anadromous fish including steelhead and salmon, by limiting habitat, exacerbating stream
temperature warming, and potentially causing large-scale dieoffs (Hicks et ul., 1991;
Arismendi et at., 2012, 2013, Isaak et at., 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 ofsnowpack is expected to reduce summer streamflow
in the region (e.g., Littell el at., 2010). Declining summer streamflows in the Columbia River
basinmay be artributed to climate change (Chang efo;., 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 at., 2015).
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Air temperature has warmed slightly in the Pacific Northwest (0. 6 to 0. 8°C from 1901 to
2012 (Abatzuglou et a!., 2014]), but water yields from mature and old-gromh forests in
reference basins have not changed over time. In the reference basins used in this study, we
observed small changes in biomass and shifts 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 et at. (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 st al., 1997). Research is needed to compare these effects to declining water yield
from plantations offast-growing non-native species in the southern hemisphere (Little el al.,
2009, 2014; Scott 2005; Fariey el al., 2005). Despite summer slreamflow deficits, young
forest plantations in the Andrews Forest yield more water in winter, contributing to increased
flooding (Harr and McCorisnn, 1 979; Jones and Grant, I 996; Beschta el a!., 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-term paired-basin studies extending over six decades revealed that conversion of
mature and old-grosvth conifer forests to plantations of native Uouglas-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 summer water yield declines over large basins and regions around the
world, reducing stream habitats 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 tree
species on streamflow. In addition, long-term basin studies should be maintained, revived,
and extended to a variety of forest types and forest ownerships, in order to discriminate
effects 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 length, harvest treatment, logging methods, and treatment dates for basins
used in Ihis study. Sources: Harr et al., 1979: Rothacher, 1965; Harr et al., 19S2; Rothacher
el a!., 1967; Jones and Post, 2004.

Basin

name

Coyote 1
COY 1

Coyote 2
COY 2

Coyote 3
COYS

Coyote 4
COY 4
Andrews
1

AND]

Andrews
2

AND 2

Andrews
3

AND 3

Andrews
6

AND 6

Area

(ha)
Elevation

range (m)

69,2 750-1065

68. 4 760-1020

49. 8 730-960

48.6 730-930

95.9 460-990

60. 7 530-1070

101.2 490-1070

13.0 863-1013

Natural

vegetation
Mixed
conifer

Mixed
conifer

Mixed

conifer

Andrews
7

AND?

15.4 908-1097

Mixed
conifer

450-500-
yr-old
Douglas-
fir forest
450-500-
yr-old
Douglas-
fir forest
450-500-
yr-old
Douglas-
fir forest
130-450-
year old

Douglas-
fir forest

130-450-
year old
Douglas-

Streamflow

record length,
instrumentation1

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-presenlT
[rebuilt 1956];
1999-presentSV)
1952-present
(1952-presentT;
1999-present
SV)
1952-2005 T;
1999-present SV

1964-present;
(1964-1997 H;
1997-presentT;
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 to 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 ] 974;
60%
shelterwood

Logging
Method

Tractor

yarded

16%high-
lead
cable
yarded;
i4%
tractor

yarded.
77% liigh-
lead

cable

yarded;
23%
tractor

yarded.
N/A

100%
skyline
yarded

N/A

30% high-
lead
cable

yarded
90% higli-
lead
cable
yarded;
10%
tractor

yarded
40%
skyline
yarded;
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fir forest 1997-present!;
1998-present
SV)

Andrews
8

AND 8

Andrews

9

AND 9

Andrews

10
AND 10

21.4 955-1190 130-450-
year old
Douglas-
fir forest

425-700

10 425-700

130-450-
year old
Douglas-
fir forest

130-450-
year old
Douglas-
fir forest

1964-present
(1964-1987 H;
19 S7 present T;
1973-1979 SV,
1997-present
SV)
1969-present
(1969-1973 H;
1973 present T;
1973-1979 SV,
1997 present SV)
1969-present
(1969-1973 H;
1973 present T;
1973- 1979 SV,
1997-present
SV)

cut 1974;
remaining

overstory cut
1984;
broadcast

burn lower

half of WS
1975;12%
basal area thin

2001
Reference

60%
tractor

yarded.

N/A

Reference N/A

100%c]ear-
cut 1975;no
bum

100%
high-lead
cable

yarded

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-notch weirs have
been used for improved discharge measurenients over the following periods: since 1999 at
Andrews I; 1, and 3; since 1998 at Andrews 6, 7, and 8; and from 1969 to 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 20^ ], Basal area is mean ± standard dsviation. PSME
= Pseudoteugo menziesii (Douglas-fir), TSHE .- Tsvga hefefopfiylla (western hemiock), THPL = Thuja plicata (western red cedar), ABCO 2-
Ahies concolor (white fir), CADE = Cfiloc^diits decurrens (California incense cedar), PILA = Pimis /amberSiana (sugar pine).

N of
Watershed plots
Treated patches
AND 1
AND 3
AND 6
AND?

AND 10
COYlb<
COY 2°
COY a"
Reference

AND 2

AMDS

AND9

COY 2
COY 4

132
61
tl
24
36
r

4

4

67
67

22
22
16
16
f

f

Plot
size

("')

250

250
250
250
15(1
f

150
150

250
250

ICOO
1000
1000
1000

f

Year Age

2007
2007
2008
2008
2010
20 (t 35-2008

2006 35
2006 35

I981
2006

2B03
2009
2003
2009
201}

2011

40

43
34
24
35

150-475'
175-500
175-SOO
175-500
I75-SOOd
175-500
150-3508
150. 350s

(m'/ha)

All

33 ± 14

35 ±12
35 ±9

23 ±10

27 ±12
66

31 ±12
45 ±13

69 ±29

72*28
86 .12.4
89 ±24
84*25
85 ±25

89
«6

85
80
77
70
81
56

82

70
65
64
64
92

92

tl
55

Basai area

Al%
S\em density

(stems/ha)

PSME TSHE THPL AUCO CADE PILA Other^ Al] PSME

3

11
II

9

4

5

0

0

24
29
26
16

4

5

0

5

0

0

0

0

R

17
0

0

0

0

0

0

0

0

1C
i8

n

t]

Q

0

0

12
13
10

0

[)

0

0

0

0

17
11

0

Q

0

0

{}

5

0

0

0

0

0

D

0

a

11
5

11

7

3

17

13
5

5

10

4

4

2

2

4

3

I

6

1454
1857
1107
900
89.1
992

1733
1533

262
438
580
565
630
602

1169

975

919
621
699
551
437
194

1150

1083

67
57

144
139
434
417
172
183

- Not uvailable.

a Other (at Coyote Creek) includes Arbuius mfssiesii (ni&droBe), Piiius pomkrosa (pondcrosa pJiic), and Taxiv brevsfviia (Pacific yen'). Other (ai die
Andrews Forest) includes Acer macrophyKum (bigleaf maple), Castanopsis chi-ysopiiyfla (giant chinquapin), and Prwws cmarginaia (bitter chcny).
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b 2011 stall d exam data for matrix (not forest ptanUitions)froni Andersen e/a)., 2013.
e Source: Arthur, 2007.

d Multi-age stand with mixcd-scvcrity fire hislor>'.
(Coyote 1 was sampled in 2006 (Arthur, 2007) and 2011 (Andersen etaL, 2013).
f Data from a forestry stand examin&tion, not frwn plots, and no standard error is provided.
g Source: Rofhacher, 1969
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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 S - 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 ofsnowmelt from Perkins md Jones (2008). K. Moore, unpublished data.
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(reference), (f) COY 1 (50% cut 1970) vs. COY 4 (reference), (g) AND 3 (25% palch cut
1963) vs. AND 2 (reference), (h) COY 2 (30% patch cul 1970) vs. COY 4 (reference). Black
lines represent the mean mid 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.

This article Is protected by copyright. All rights reserved.
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Councillor Llewell n verbaljgegrt)

I 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 to
get kids out playing. At this point we don't have that problem here as
they kids don'1 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 I 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.

Bylaws

None.

L Correspondence

Ted Olynyk, Community Relations Manager, BC Hydro Re: Z019 UBCM
Convention

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

3 Hon. C)aireTrevena, MLA, North Island Re; BC Hydro-future rate designs

CARRIED

4 MP Rachel Blaney- letter and report to Minister Wilkinson

Ministry of Citizens' Services, Information Access Operations Re:
5 Request for Access to Records - Freedom of Information and Protection

of Privacy Act (FOIPPA)
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Fowler/Llewellyn: VOT 35Z/2019
THAT these correspondence items received.

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

CARRIED

CARRIED

LI Brief discussion

L2 Fowler/Uewellyn: 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. "n°" vo<e registered

Councillor Elder

L3
Council was encouraged to login and individually complete the survey at

https://www/bcuc. com

L4 Brief discussion followed.

L5 The CAO spoke to this correspondence item.

M. New Business

None.

N_Pyl:>!.iclnj>ytl2
A member of the public had questions regarding salmon fishing closures
to which the Mayor, 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: 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 with Telus, BC Hydro and the BC
Wildfire Service and EMBC (joint meeting) at the 2019 UBCM Convention.

Ad ournment

Uewellyn/Fowler: VOT 357/2019
THAT the meeting be adjourned at 9:46p. m.

Certified Correct this

6th Day of August 2019.

Chief AdminLstratiye_Officer

CARRIED
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Minutes

?:¥'V'-vlS
. fe. '.^
"V:iS!

Village of Tahsis

Meeting

Date

Time

Place

Committee of the Whole

Tuesday July 2, 2019
8:38 p.m.

Munici al Hall - Council Chambers

Present

Regrets

Staff

Public

Introduction

of Late Items

Mayor Martin Davis

Councillor Bill Elder

Councillor Sarah Fowler

Councillor Lynda Llewellyn

Councillor Josh Lambert

Mark Tatchell, Chief Administrative Officer

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

None.

Aocrovalof the Agenda

Llewellyn: COW 59/19
THATtheAgendafortheJuly2, 2019 Committee of the Whole meeting be
adopted as presented- CARRIED

Business

Arising

UBCM Planning - Cabinet Minister and other meeting requests and

respective topics

Llewellyn: COW 60/19

P91



THAT this information package be received.

Council discussed which Cabrnet Ministers to seek meetings wfth at the
2019 UBCM convention, the topics to be presented as well as other
organizations to meet with.

Fowler: COW 61/19

CARRIED

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 Report on the UBCM meeting decisions.

Ad'ournment

Fowler: COW 63/19

THAT the meeting be adjourned at 9:45 p. m.

Certified correct this

6th 03y of August, 2019

CARRIED

CARRIED

Corporate Officer
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^

Minutes Village of Tahsis

Meeting

Date

Time

Place

Committee of the Whole

Thursday July 4, 2019
1:09 p. m.
Munici al Hall - Council Chambers

Present

Regrets

Staff

Guests

Public

Introduction

crf Late Items

Mayor Martin Davis

Councillor Bill Elder

Councillor Sarah Fowler

Councillor Lynda Ltewellyn

Councillor Josh Lambert

MarkTatchell, Chief Administrative Officer

Mike Davis, RPF, Tenures Forester, WFP

Paul Kutz, RPF, Senior Operations Planner, WFP

Kindry Mercer, RPF, Manager, Regional Initiatives, WFP
Dan McAllister, M.Sc., P. Ag., Director and Soil Scientist,

EcoLogic Consultants

1 member of the public, plus two Ministry of Forests, Lands, Natural
Resource Operations and Rural Development staff and two other staff
from Ecologic Consultants.

Call to Order

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

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
1 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 19 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 (3RD) for
New Business 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 Community Health Network by Tuesday CARRIED
July 9th.

AcTournment

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

Certified correct this

6th Day of August, 2019

CARRIED

Corporate Officer
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Outline
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<&JRP
1FL Manayement Plan Content Requirements
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Inttiifcncc;" Tiinbf b pp y'i

1 How much Iciest land is available

The ;igii dass dislritrtifion of llie avaiiable toresi

3 Whal constiaints (iieie are an tlie available
ioi'est land

4 How fast frees grow

^FP

Base Category Definitions

. Total Area - tot^l cife^ within [ Ft 19

. Forested Area ~ area wiUiin ^ f i 19 cgpahle ot qrov. if^g
trees

. Productive Forest Arcn ~ area Witliin TFl. 19 c.Hpaljk-:1
of growing trees large enough to h^rvK^l

. Operabie Area =. piodiiciive lor^s-, ' aryrt wilhin 1 Ft 'IL?
phvsicallv acces&iblo

Tinibei Harvesling Land Base (THLB) -- estiiriBK-of
r'perabi^ area wittun Tf-'L 19 available for harve:-! giv^n
i)bjedive£ for ai! forest valisey

Non-cunttibuting Land Base (NCLB) = pt udi. K.ti^

forost ar^a W)tiiit) ~f Fl 19 lliat doey (';ol c'ontfibiiti; io

ymbei supply

^p
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TFL 19 Foies) Age Class w

7/4/2019

Resource values managed within THLB

1 Visual Qikility Objecti.es iVQOs]
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(.. lowinft tneroiss

Aggregate stands into "Analysis Units

a) Stands expected to grow a! similar rates

Based on biogeocl'matic zone, site index, age class
and ieading species

Yields oeneratsd using industry-standard mocleis

Variable Density Y'eld Projection (VDYP)

Tabte lliterpolation Program for Stand Yields (TIPSY)

What's next?

. Complete review period ror iP lAum-in

. Conside'- cemnienls recsi'/ed and revise IP as necessary

. CondL. c; dni&er s'. pp'y snslysis based on re'/isea iP

. Make drafl Mg,, aae^eiit Plan a t. niber suppiy anaiysis
avs'labie fo. review an':; ccnimsint .' . nro.'maron-Sinanno
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. CoiiSide. ' cunimsnls receded and revise MP as necessary

. S.. it'n"( f'nai MP
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Policy Title:
Effective Date

Approval

Review Date

Code of Conduct

August 6, 2019
Council

VILLAGE OF TAHSIS

1 Policy No.
; Supersedes
1 Resolution Number

August 6, 2023

2015
Policy N/A
XXX/2019

Section 1 - PURPOSE

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

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
communication 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"

"Impartiality"

"Inclusion"

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.

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.

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

"Leadership and Collaboration" means an ability to lead, listen to, and positively influence others; it also
means coming together to create or meet a common 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.

"Respect"

"Transparency"

"Village of Tahsis"

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 demonstraled 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" policy.

means the Corporation of the Village ofTahsis

Section 3 - Scope of Policy

3. 1 The policy applies to all members of Council and the CAO. It is each member's individual
responsibility to uphold the letter 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 law 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 CAO will exhibit the values of:

. Accountability

. Impartiality

. Inclusion

. Integrity

. Leadership and Collaboration

. Respect

. Transparency

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

Section 5 - General Conduct

5. 1 Council 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 avoids arbitrary and unreasonable decisions,

5.4

5,5

Council members must avoid behavior that could contravene:

. this policy;

. the BC Human Rights Code; and

. Village bylaws and policies, including the Respectful Workplace and Prevention of
Harassment, Bullying and Discrimination

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, personal threats, intimidating or demeaning behavior or verbal
attacks upon the character, professionalism or motives of others.

5.6 Council members shall not;
. undermine other members of Council or Council as a whole by making critical,

denigrating or derogator/ comments about the views, decisions, positions, expressed or
approved by Council;

. engage in physical altercattons with any person;
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5.7

. 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

. utter or otherwise make racist, sexist or homophobic remarks

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 themselves 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

. eye rolling

. disrespect of the Chair

. foul language

. verbal condemnation of other members of Council
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VILLAGE OF TAHSIS

Reoort to Counci

To: Mayor and Council

From: John Manson, PEng

Date: July 31, 2019

Re: Tahsls Municipal Wharf

PURPOSE OF REPORT:

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

BACKGROUBD:

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 vehide
trafiic7atong 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
tnult-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 whuh is
primarily "public sector with some minimal commercial. The wharf is^ow used m)sUy 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 lump sum payment for ongoing maintenance.

Since the transfer of ownership, the Vfflage 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^
lUetTme. ~This is evidenced by the recent inspection report that the VUlage commissioned by
McElhanney Engineering (See Appendix "A"), This report included inspection of the top^ides,
deck'panels, strmgers, pile caps, piles, cross bracing on both the Approach Trcstle and i
Wharf head itself.

While the topside and deck panels have some life' left in them (8-lOyears), but manyoft-be
piies'and pile caps are nearing the end of their lifetime (0-2 years). The reP°rt PTOmdes_aD^
^timate'forthe replacement of Piles, Pile Caps, Stringers, and replacement with a timber <

1 I 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. ^ ShouUthe_repair ^nlycover^
phase'one'jarea 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 ^
co'nfirmedthat'some'cntical components of the existing Municipal Wharf have reachedthe_md
ortheir'expe'cted"lifetime7and as such, the approftch ramp is no longer capable of handling the

vehicle design loads for which it was originally designed. At the recommcndaUon ofttte^
Engmee~r7a£nswiU be placed on the structure limiting use to pedestrian use only, maximum
500 Ibs. live loading.

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

The Village has little, if any funds available to upgrade, or even maintain this stmcture_ThCTe
i'sno'funlm gorfee collection mechanism in place at this time to recover theongoing^ost .
the'wh"arf'"TOe principal users of the wharf include RCMP, Coast Guard, Fisheriesmd
0'cems7Navy7mda'smaU amount of commercial traffic, In terms of commercial traffic,^
value of the wharf is likely more to do with future economic development opportunities,;
than its current commercial usage.

FISHERIES AND OCEANS - COAST GUABD SEARCH AMD RE8CDEPROJECT:

Fisheries and Oceans Canada is in the process of building a new Coastguard Search and
Re'scuefacility in the Village. The facility consists of a new building to be located near 1
mtosectionrf South Maquinna Drive and Tootouch Place (the former parking lot), as well as a
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new wharf built to accommodate either a Bay or Cape Class vessel and a rigid hull inOateble
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 «  a^rt
^'Jemati^with'TespectTo'anew SAR Float Facility, ^ich indu^d^ ^on to locate the

n'ewnoaTby replar. ing the float at the existing wharf (See Appendix "B" and "C-).

The report estimated the cost of a new float and gangway at approximately $930,000^0^
^T(^ZgT^ion): 'Due'tothe extra costs -sociatedwulJh^^S,
^Se s *anJoc^sThen?cc"used"tbeir^rk on an alternate location^outh^^^^^^^^
^rf"u^mg 7exT;tingUmberl. rest1e approach (the "Airiine- D°ck), and_a^rther^n^g
^ Zndga^esT'(^p&en^";D:and''-E"r. ;pectivdy).

^ 

The co. tfor ^"-flMt^n^e^sling
te'stle TAppendbT-D^s $920, 000, and a stand-alone facility with a new_lan^acc^pomt

i^""E"ris$850-, 000. The "stand alone facility" °Ptionshown. inAPPenduc jlhas,
^nt^Tj "ty3 0)~b7en"modified to the alignment shown in Appente.^. whw\mwj^
^^ ̂ ^^^:^^owe^^hK^^^
Icaonlf^nce"caU^tweenVMage staff and the Coast Guard design team, i^PP^ttu^
^asfavounng the option shown in Appendbc "F". The Village was "queued to p^vide
cTmm"e^s'on"t"he"a°lternatives developed so far. This is relevant to the discussion of the

Municipal Wharf, as one of the options they have developed uses this Whart.

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

If the ViUage wished to continue to own and manage the wharf, a long te""^stamabl^
IfunTmgZdel"n'ecds'to'be-developed. This could mcludc options such ^em^on^
HTbZ^ard:'which ha:the-stetutory ability to levy fees and rents. AUern^dy^rec^
2^^a^^^:^^^ri"riple"use^^fa^^^^Ption
Z'uTdifcelym^morc'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 seeking input fromfce Village with re6P_ectto^e^
^iS^ ̂ v ^^-^^^^:'Theroosffavoure^mrs eDted

^Zge"staffB by i~he Coast Guard team at the July 30 meeAing aPPmrcd,tob^the^u^
ts^w'nagne ̂ p'e^F^chTs'a n:;"stand-'aj'one trestle and wharf, with a new trestle land
access point.

Staff 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 conflict 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 tfaat the best solution to meet the needs of the new SAR Coast 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.

FINASCIAI, IMPLICATIONS:

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

RECOMMENDATION:

Canada Coast Guard is seeking input from the Village with respect to the siting of the new SAR
wharf facility. It is recommended that Council consider the following resolutions:

1. That the Village support the new SAR/Coast Guard wharf facility being placed at the
location of the current Municipal Wharf, generally 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 .upport t.he alternate wharf location's being proposed further south
at this time.

Respectfully submitted:

John Manson, PEng

Project Manager

5 I Pa ge
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Appendix "A'

[
49140_ Village of

T3hsis_Municipal Whi

httl^;j.YiUafeeoftahsis,com.'u-contCTt;. yi .loads, 2019; 07/49140_Village-of-Tah^s^^^^
Wharf-Ins -rection RevOjidf
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To:

From:

Date:

Re:

Mayor and Council

Director of Recreation

July 11, 2019

Recreation Centre 2019 Q2 attendance and revenue report

PURPOSE OF REPORT:

To provide Council with Rec Centre attendance and revenue information for fiscal year 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
overall health and wellness ofTahsis 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
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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, adult and public swim, rock climbing, Zumba
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lahsisA^e-Friendl

mmunity Action Plan
Presentation te Counc'i

July 8, 2019
O'HARAA ASSOCIATES

CONSULTING
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*. Introductions

» Project Objectives

Approach & Methodology

Question & Answer

Age-Friendly

O'HARA I. ASSOCIATES

CONSULTING
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i?Hara & Associates Consulting
> After spending 12 years working alongside consultants 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.

l» O'Hara & Associates Consulting Inc. is located in Toronto, Ontario and was founded
in 2018 to provide advice and consultation on how to appropriately serve seniors
through public sector services.

Our 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.

'HARA t ASSOCIATES

CONSULTING
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O'Hara & Associates Consultin

Aislin O'Hara

Certified Professional

Consultant on Aging

O'HAIA S. 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 quality of life for seniors and contribute to an
age-friendty 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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0>Hara & Associates Consulting

Mitchell Underhay

Technical Lead

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 multiple
criteria for geographic analysis

O'HARA 8 ASSOCIATES

CONSULTING
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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.

t ASSOCIATES

CONSULTING
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oiect Approach
Phase 1 "Discover "

1. Develop a rich understanding of the current state

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

> 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 Cafe

Facilitated public meeting to solicit feedback from all community members

O'HARA & ASSOCIATES

CONSULTING
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World fe(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 could 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
G'HARA A ASSOCIATES

CONSULTING
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Prclect Approach
Phase Z "Anal sis"

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 cafe data

Task 5 Asset Map

Visual representation of all services/resources as well as the typefavailabiUty

Task 6 Policy Review

Apply an age-friendly tens to ati policy/ planning & strategy documents

& ASSOCIATES

CONSULTING
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Prcf iect Approach
Phase 3 "Recommendations & Delivery"

1. Summary of all key findings

2. Community action plan with recommendations & implementation strategies

» Task 7 Community Action Plan Report

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

Task 8 Presentation to Village ofTahsis

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

0>t(ARA & ASSOCIATES

CONSULTING
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it re are we now?

TASK Inveninrv

Phase 1 Phase 2 Phase 3

July 8, 2019
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ian you!

Aislin O'Hara

Project Manager

416-721-1972

. i .:. 11 n@oha raconsult. com

Mitch Underhay

Technical Lead

647-472-2020

mitch oharaconsult. com

©.HARA & ASSOCIATES

CONSULTING
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VILLAGE OF TAHSIS

Renort to Council

To: Mayor and Council

Front; John Manson, Project Engineer

Date: August 6, 2019

Re; Roads Project Update

PURPOSE OF REPORT:

For Information.

BACKORODND:

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. McElhanney Engineering Services was retained in

2038/2019 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 budget allows for approximately $2. 9 Million in construction costs pursuant to the
unit price contract with Hazelwood Construction. The contract, provides for a number of

provisional items, such as rock excavation, 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 2039- 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 following spring, the

contractor at 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 ofRugged Mountain, which is
currently scheduled in October. Should weather conditions not be conducive to paving, the
final paving work on Rugged Mountain may be rescheduled to the spring. Alpine View will be
paved late August or early September.

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

1 I Pa ge
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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 weH as time and materials, at an additional cost of
approximately $60, 000. Rock excavation quantities have also been somewhat higher than
originally estimated at tender, for a current additional cost of approximately $40, 000. This
extra work is being funded through the project contingency.

The project team is also considering additional potential paving work outside the scope of the
project on Head Bay Road and Tootouch Crescent, but we are not 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.

RECOMMEatDATION:

For Information.

Respectfully submitted:

John Manson, PEng

Project Manager

2 I Pa ge
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Tahsls - Roads Project Budget 31-Jul-lS

Mcelhanney Invoices

Mcelhanney Total
other

Construction

July Estimate (Construction)
utal

2018

$77,040.36
$5,661.60
$3,118.22

$85,820.18
$3,962.64

$0.00

$89,782.82

2019

$135, 903. 65
S24.021. 11

$8,253.94
$7,512. 11

$175, 690. 81
$21.000.09

$544,694.40
$582,506.00

$1,323,891.30

totals to Aug 1

$261,510.99
$24,962.73

$544, 694.40
$582,506.00

$1,413,674.12

Remaining Estimat Final Estimate
Expenditire Cos

5151,989.01
$30,000.00

$1,778,551.0

$1,960,540.01

Grant Budget maximum
Contingency remaining

$413,500.00
$54, 962. 73

$2,323, 245. 40
5582,506.00

$3,374,214.13

$3,510,980.00

$136,765.87 3.9%

Final Construction Cost Estimate $2,905, 751.40
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Village of Tabs is

July 3, 2019

Hon. ClaireTrevena

MLA, North Island
Room 306 Parliament Buildings
Victoria, BC
V8V1X

Dear Minister Trevena,

I am writing to thank you for meeting with Tshsis Council on May 21" in Tahsis. We know that you have
a heavy schedule with competing priorities so we are especially grateful that you made time to meet
with Council as well as spend time In the communfty.

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

Council continues to advocate for more improvements to the Head Bay Forest Service Road. Ultimately.
our goal is to see the errtire 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 (kilometer 28)
and Tahsis. We also encourage 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 modem communication. We are counting on your Ministry to make this a priority in tfte

2020-2021 provincial budget.

Our municipal wharf has exceeded its hmcttonal 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 vs 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 Tahsls which attracted one of the Centre's larger turnouts demonstrating the importance
that we, as s community, place on health care. The importance of the Tahsis Health Centre cannot be
overstatedsowelookforwardtogovernment'scontinuedfundlngandsupportforthisvttalserolce.

Mlbgf ofTafw
9"? South M/ufuinna Fhwf

P.O. Box 219 Tahus BC VOf 1X0
TEL: (2SO) 934-63-M l-AX- {250) 934-6622

wii'w.t fllayo/tdhiis.wm
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With an aging population uve sre 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 seruices but also seek provincial
government program support.

A regional transportation service Is needed so seniors and persons who are financially compromised can
access food, health care and other basic needs. Those unable to drive are reliant on thegoodwil) 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 mprovements to transportation sen/ices In this

region.

Finally, Council needs ta continue to impress upon you and your government the Importance of
protecUng and preserving the McKelvle Creek watershed and the ridge which rises up east of the Village.
The Village is dose 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 forest 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 Firat Nation, with the provincial government and the to establish a community
forest within the Tahsis area to create jobs and maintain vlewscapes.

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

Respectfully,

I/-'

i. -A
. '' "t^r

Mayor MartlnDavis on behalf of Tahsls Council
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City of
Richmond

6911 No. 3 Road,
Richmond, BC V6Y 20

www. richmond. ca

June 28, 2019
File:

Finance and Corporate ScrvtccB Divirion
Clly Clerk'a Offlct

Tclephuic: 604-276-4007
Fm: 604-278-S139

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 resolution:

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

Whereas the EC Lobbyists Registration Act (LRA) reguires individuals and
organiwtions who lobby public office holders and meet specific criteria to
register their lobbying activities in an online public registry; and

Whereas the goal of the BC Lobbyists Registration Act (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 te the provincial mechaiiism under
the BC Lobbyists Regislrallon Act, be established.

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,

1' /Z. :^
.^y. > -<

f'Tavid Weber

Director, City Clerk's Office

A223283 Richmond
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City of
Richmond

June 28, 2019

6911 No, 3 Road,
Richmond, BC V6Y 20

wwvu.richmond.ca

All BC Municipalities
Via email

Re: Proposed UBCM Resolution - Conflict of Interest Complaint Mechanism

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

To forward ihe following resolution for consideration at VRCM and to send copies to
the Local Governments of SC for their favourable considerations prior to the 2019
UBCM meeting. Additional copy to be sent to the Minister of 'Mwnicipiit 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 their members and enforce them through a complaints process;

Whereas the public expects elected representatives to be held to a
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 of the Supreme
Court of British Columbia;

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 Municipal ConJUct of Interest Commissioner or
expansion of the scope of powers of the SC 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,

^".^ ./
^/-^->. -'

David Weber
Director, City Clerk's Office

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

622316? Richmond
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City of
Richmond

6911 No. 3 Road,
Richmond, BC V6Y 2C1

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, 201 9 considered the above matter and adopted the following resolution;

To forward the following resolution for consideration at UBCM ani to send copies to the
Local Governmenls of SC for Ihetr favourable considerations prior to the 10J9 UBCM
meeting. 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 b disallowed;

Whereas the public expects elected representatives to act to a professional
standard of conduct;

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

So be it resolved that the Statement of Disclosure for municipal nominees and
elected representatives be updated to udtiiiioiially include tt spouse's assets; a
spouse's liabilities; and real property, other than their primary residence, held
singly or Jointly by a spouse, child, brother, sister, mother or father, to the best
knowledge of the candidate. Further, within 60 days of being sworn in, toflle
a confidential fluoncial dischswe stMement to a non-pi irtlsan 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 truly, .,

llavidWeber
Director, City Clerk's Office

pc: The Honourable Selina R.obinson, Mitlist^ of Municipal Affairs and Housing

622316) Richmond
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CITY OF PORT MOODY

OFFICE 01-THK MAYOR

June 27, 2019

Selina Robinson, Minister of Municipal Affairs and Housing
PO Box 9056 Stn Prov Covt
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:

THA T a letter to the Ministry of Municipal Affairs and Housing be sent by the Office o1
the Mayor expressing Support for Property Assessed Clean Energy Enabling
Legislation for BC Indicating our concerns 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 Include better buildings,
Incentivizing retrofits and upgrading BC's stock of public housing so residents,
many of whom are low-income families or sentors, can live in a more energy-
efficient, healthier, and comfortable home:

AND WHEREAS the cost of clean energy Infrastructure is a major barrier for tow
and middle income earners, as well as small businesses and municipalities;

AND WHEREAS Property Assessed Clean Energy (PACE) legislation has
proven to be effective in financing retrofits in other jurisdictions:

10U Newport Drive, Porl Moody, B.C. V3H 3E1 Telephone: 604.469. 4515 Fax: 604.469.4*64
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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 practices, including UBCM and FCM, to study the application of
PACE in BC and develop PACE enabling legislation 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 powerful tool which,
with the right legislative framework, could create a new clean snergy ecosystem, bring new
capital into the province, and significantly bolster 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 to climate change. Currently, buildings account for 40%
of GHG'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 delivers 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 involve maximizing both government
and private investments. A strong 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, to support reducing energy poverty, and to create
Green Jobs. Such an initiative, If ultimately implemented in BC, would become one of the most
significant steps municipalities could take to tackle climate change.

Sincerely

Meghan Lahti
Acting Mayor, City of Port Moody

CC: All UBCM Members
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OFFICE OFTHE MAYOR

CITY OF
PRINCE GEORGE

1100 Patricia Blid. I Prince George, BC, CamdaV2L3V9

p: 260. 561. 7600 I vww. 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, Cound^a^co^sideratio^
to1 D'roS Union ^BrTtish°Columbia Municipalities (UBCM) resolutions regarding^ Proce eds of

Criinera 'nd Clean-Up" of "Needles and Other Harm Reduction Paraphernalia^ Jh^e followng

resoTu'tio'ns'were'approved for submission to the UBCM for consideration at. the 2019 Convention.

1. Proceeds of Cn me

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 preventionactivi1ties' butdoes
no'tBaddress~i]ocal 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-Up. eLNeedles and Other Harm ReductLQn_Paraphernalia

WHEREAS the low barrier distribution of harm reduction supplies, including syringes
w'd'o^e! safe injection supplies, in communities across BC poses a significant
safety and cleanliness concern;

AND WHEREAS local governments, businesses and residents are bearing the
escalating cost of cleanTng up needles and drug paraphernalia in public spaces;
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7-H5REFORE BE (TRESOLfED that UBCM request ongoing provincial funding to local
governments to cover the cost of cleaning up needles and drug paraphernalia in
their communities.

On behalf of Prince George City Council, your support of these resolutions at the 2019 UBCM
Convention is appreciated.

If you have any questions or would like more information please feel free to contact my office
at Mai.orAdmin^onncegeorfee.ca or 250-561-7691.

Sincerely,

s.^-
/w-f;:/ / /

i.. - ~ /Ku-
Mayor Lyn Hall
City of Prince George
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7030 Trans-Canada Highway

Duncan, BC V9L6A1 Canada

www. northcowichan. ca

T 250. 746. 3115
F Z50.746.3133

File: 0250-20-UBCM

MUNICIPAlfTY OF

\inn T11
Cowic an

JULY 15, 2019

VIA EMAIi: UBCM Members -All Elected Officiok

Dear UBCM Members,

Re: UBCM Resolution - Regional Management of Forestry

This letter is to advise that North Cowichan Municipal Council passed the following 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 Truly,

Matt O'Halloran

Deputy Corporate Officer

Enclosure
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July 15, 2019

Dear Mayor:

VIA E-MAIL
Ref: 244242

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 ofChildcare 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 Governments, 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:

. $3 million per faciBty (previously $ 1 million) for up to 100% of project costs for
public sector organizations and Indigenous Governments,

. $1.5 million per facility (previously $500,000) for up to 100% of project cost* for
Indigenous non-profit societies, and

. $1 .S million per facility (previously $500,000) for up to 9fl% of project costs for non-
profit societies 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 maximuras and provincial contributicm 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 available in coming weeks.

... 12

Ministry nt'
Children and Familv

Dcvclopmenl

Office olthf

Minister

Mailing Address:
Parliamrnt Buildings

Victoria BC VSV 1X4

Loration:

Parliament Building

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

Childcare BC New Spaces Fund guidelines, application forms and FAQs are available at
www. liov. bc. ca/childcare/newscacesfimd. If you have any questions, you can contact the
Childcare BC New Spaces Fund Program at MCF.CCCFiUjioyAe^a or I 888 338-6622
(option 5).

Thank you.

Sincerely,

^

atrine Conroy
Minister of Children and Family Development

Kalrina Chen
Minister of State for Child Care

P147



A - 'endix: Contribution Percentagei, and Fundi Award Commitment by A Itcant'! vpr

Kcquired n...,. :.. ":... r>........... :.. i Fiiiidill]
r<^ jiu'ii il ]*)'(»\'iiicia

. Vpplkanl 'I'vpf
Kcquirctl

<)r;;a"u. ltion
Coiilrihution

Provinc'itil

Contribution

U It

cirganizaliuns and
Illdiyeikius
Govummenls

Indigenous Non-Profit
Societies

0%

0%

10%

100%

100%

90%

Pro\ in cull

1-iiiitling
Anioiint8

Up to
$3,000,000

FllIKlillg
A\v:u'd

C uinmilnit. 'ut

Up to
$1,500, 000

Up to
$1,500,000

Up to $250,000

-4"

Up to 15
years

Up to 15
years

Up to 15
years

Up to 10
years

Non-Profit Child Care
Providers and Child
Develo ment Centres

For-profit child care ' 25% 75%
organizations
(Businesses and
Incorporated
Companies)^

*The maximum provincial funding amount applies to a single physical location. Projects
; occurring within the same physical location are considered as a single project.
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Minister of Rural
Economic Development
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Ottawa, Canada K1POB6

Ministre du Developpr-ment
6conomique rural

His Worship Martin Davis
Mayor
Village of Tahsis
977 South Maquiima Drive
Tahsis, British Columbia VOP 1X0

JUL 0 8 ?fH8

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
"entrusted to me in fhis portfolio, to work with Canadians and champion

ecommic"opportunity and quality of life in rural Canada. I am also pleased toik

roUout'ofmfrastructme and broadband investments in rural Canada, and to .
federal ministers to advance important priorities benefitting rural Canada.

Recently, I announced two strategies: Rural Opportunities^ National prosPenty':_An
'Economic Dwlopment Strategy for Rural Canada (wYw.in&astructure. .c.ca/ru^/strafe
en&html) "and ' High-SpeecT Access for All: Canada's Connectivity . StrateB^
rwww7canada.ca/.et-connected). Together, these strategies demonstrate our gowrome^'s
commTtment 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
a roadmap for addressmg challenges and capitalizing on the opportunities in rural umaaa.

Connectivity, whether Internet or cellular, is the top rural issue that I have heard to date
from Canadians. Our government recognizes that wireless mobile coimectivity on majcff
highways and roads is an important need, including for safety. To support the_expansu>noi
mob ile'wireless services to'rural and remote areas, Innovation, Science 

^ 

and Economic

Development Canada continues to auction spectrum to increase its availability to
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 encowaging 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 telecoromumcations carriers have made plans to

expand wireless coverage to rural areas, including along roads. The Government is also
working on ensuring (hat telecommunications policy focuses on consumer^ 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 mral Canada.

Thank you for your interest in my portfolio.

Sincerely,

The Honourable Bemadette Jordan, P.C., M.P
Minister of Rural Economic Development
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July 22, 2019

Mayor Martin Davis
Village of Tahsis
Box 219
Tahsis, BC VQP 1X0

"~^X A / .u;"l'.ncfpc
\ MurndpaltiELs

JUi '/ (. /ri9

Dear Mayor Martin Davis:

RE: GAS TAX AGREEMENT COMMUNITY WORKS FUND PAYMENT

I am pleased to advise that UBCM is in the process of distributing the first
Community Works 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). UBCM is also making an additional one-
time payment towards CWF funding approved for disbursement by the Federal
government under Budget 2019 to supplement the fiscal 2018/2019 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 program may be directed to local priorities that fall
within one of the eligible project categories.

First CWF Payment; $32, 782. 04
CWF One-Time Payment; $69,088
Total EFT Transfer: $101,869. 77

Further details regarding use of CWF and project eligibility are outlined in your CWF
Agreement and details 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 best,

Arjun Singh
UBCM President

CC: Deborah Bodnar, Director of Finance
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JLlt.
Janet St. Denis

Subject: FW: Sierra Club BC Support letter draft

From: Mark Worthing <m^rk!a;'sierraclub. bc.ca>
Date: Man, 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. I 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 I cut & pasted the text below as well for you:
https://docs. goog!e,com document d IxXxAbNeaN BhcclnbLAsTOGntFpZvqlsyL6-ewG(. tos/edit?usu=sharing

Mark

Date

Attention: Real Estate Foundation Advisory Committee Members,

I 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 Tahsls 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.

I 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 logging and climate change rapidly change the ecosystems in
which we live and work.

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

Sincerely,

Mayor Martin Davis & Tahsis Council
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Date

Attention: Real Estate Foundation Advisory Committee Members,

I 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.

I 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
logging and climate change rapidly change the ecosystems in which we live and work.

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

Sincerely,

Mayor Martin Davis & Tahsis Council
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Rita Aedan,

907 Princess Victoria View,

P. 0. Box 303,
Tahsis, B. C. VOP 1X0

July 31st, 2019,

Mayor and Council, Village ofTahsis,
977 South Maquinna Drive,
Tahsis, B. C. VOP 1X0

Dear Mayor and Council,

On behalf of our community group, McKelvie Matters, I 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, M LA for presentation to the Legislative Assembly of the
Province of British Columbia.

The Legislature's first sitting this coming Fall is scheduled for October 7th, 2019.

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

Best Regards to All of You,

/ ./
^ '?

\^. ^ -.'
\
^ u

. r/^--

Rita Aedan

End: 15 pages petition forms
Petition addressed to Legislative Assembly
Letter to Claire Trevena, MLA
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Rita Aedan,

907 Princess Victoria View,

P. 0. Box 303,
Tahsis, B. C, VOP 1X0

July 31, 2019,

Hon. Claire Trevena, MLA

908 Island Highway,
Campbell River, B. C. V9W 2C3

Dear Claire Trevena,

RE: Petition to the. Le islative Assembly Province of B. C.

Enclosed please find our signed petition forms for presentation to the Legislative Assembly
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", originatly 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.

j2^Lff^/\-y

Yours truly,

.
-^)
^^><^^
Rita Aedan,

McKelvie Matters

Email: ceritanne(u'conumacable. com

Phone: 250-934-7751

End: 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 Legislative
Assembly of the Province of British Columbia immediately protect and
presen/e'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 31st day of July, 2019.

Rit^Aedan, on Behalf of the Tahsis community group McKelvie Matters
;^^,6c^^--^

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

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

Action petitioned for:
We respectfully request that the Legislative Assembly of The Province ofBntish Columbia

! immediately protect and preserve the McKelvie Creek in Tahsis for drinking wa tershed, wildlife,
and recreational values.

Printed Full Name
.

Signature Address
.
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Petition to the Legislative Assembly of the Province of British Columbia

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

Action petitioned for
j We respectfully request that the Legislative Assembly of the Province of British Columbia
F immediately protect and preserve  e McKelvie Creek h Tahsis for drinking watershed, wildSife,
i and recreational values.

Printed Full Name
7?/7-A

Signature Address
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Petition to the Legislative Assembly of the Province at British Columbia

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

Action petKiomd for;
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We respectfully request that the Legtslativa Assembly of the Province at British Cojumbja'
immediately protect and preserve the McKalvie Creek in Tahsis for drinking watershed, wildlife,
anof recnsationai values.
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Action petitioned for:
' We respectfully request that the Legislative Assembly of the Province of British Columbia
; immediately protect and preserve the McKefvie Creek in Tahsis for dnnking watershed, wtldiife,
i and recreational values.

Printed F 11 Name
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Petition to the Legislative Assembly of the Province of British Columbia

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

Action petitioned for:

i'nntecLFull Maine

We respectfully request that the Legislative Assembly of the Province of British Columbia
immediately protect and prese/ve the McKelvie Creek sn Tahsis for drinking watershed, wildlife,
and recreationaS 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.

Action petitioned for:
We respectfully request that the Legislative Assembly of the Province of British Columbia

I ifnmediatsly protect and presen/e the McKelvie Creek in Tahsis for drinking watershed, wildlife,
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Petition to the Legislatiye Assembly of the Province of British Columbia

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

Action petitioned for;

Printed ,Fyjl Jterne ,

We respectfully request that the Leglsiative Assembly of the Province ofBntish Columbia
immediately protect and presen/e the McKelvie Creek in Tahsis for dnnking watershed, witdiife,
and recreational vaSues.

Si nature Address
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Petition to the Legislative Assembly of the Province of British Columbia

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

Action petitioned for:
'l/i/e'Tespectfuffy request }hat the Legislative Assembly of the Province of British Columbia
immediately protect and preserve the McK.elvie Creek in Tahsis for drinking watershed, wildlife,
and recreational values.

Printed Full Name

I
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Petition to the Legislative Assembly of the Proulnce of British Columbia

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

Action petitioned for:
We respectfully request that the Legislative Assembly of the Province of British Columbia

i immediately protect and preserve the McKelvie Creek In Tahais for drinking watershed, wildlife,
I and recreational values.

AddressPrinted Full Name ; ^ I nature. -'/
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Petition to the Legislative Assembly of the Province of British Columbia

Logging of The McKelvie Creek Watershed ~ Tahsis, B. C.
~--7~-~ ..T'Ws respectfuliymquest that The Legislative Assembly of the Province of British Columbia ^

Action .peBttonsd for: :.. ":j 'iminedSteiy 'protect 'and "preserve the McKelvie Creek in Tahsls for drinking watershed. wildlife,
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Petition to the Legislative Assembly of the Province of British Columbia

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

Action petitioned for . ';'

Pr'nfed. F I' ame;

We respectfujiy~raquest that the Legislative Assembly of the Province of British Columbia
immadiataly protect and preserve the McKelvie Creek in Tahsis for drinking watershed, wiWiie,
and recreational values,

: St nature .
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Petition to the Legislative Assembly of the Province of British Columbia

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

Action petitioned for:
I We respectfully request that the Legislatfve Assembly of the Province of British Columbia
I immediately protect end preserve the McKelvie Creek in Tahsls for drinking watershed, wildlife,

Qnd recrestionaf values.

Printed Full Name
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Petition to the Legislative Assembly of the Province of British Columbia

LOQgiHQ of The McKelvie Creek Watershed ~ Tahsis, B. C.
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Petition to the Legislative Assembly of the Province of British Columbia

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

'-'//
///

Action petitioned for:
We respectfully request that the Legislative Assembly of the Province of British CoSumbia
immediately protect and preserve the McKelvie Creek in Tahsis for drinking watershad, wildlife,
and recreational values.

Printed Full Name Address ' Comment, (opflonafi
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Petition to the Legislative Assembly of the Province of British Columbia

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

Action petitioned for:
WeTespectfully request that the Legislative Assembly of the Province of British Columbia
im'med'iately 'protect and preserve the McKelvle Creek in Tahsis for drinking watershed, wildlife,
and recreationa! values.

AddressPrinted FuB Name Sl nato w.

'^. \\(^liT, is-ltWV ^^..^-'-i^'^' 
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i^-J^L \ ^^ ^. / ?c'

^ma
Gtenda Hadtoy <lilaglendahadley®gmailil.com>

Tue, Aug6, 2019at2:21PM
Glenda Hadtey <lilaglendahadtey@gmail. com>
Draft

Village of Tashis: For Consideration ^ ^^

0;;^^^^^^^^^^^^^^^?$^^ssss^^^^=^^l^^=^=s Tihe'
municipal lot to rinse off our trailers. ,. _^__,. ^»

vz^^^^^w^m-ww^^^
hard on the boat trailer bearings.

^^^e^^s. tlonco. pou.s.ep^. ^eann. san. ^.e. ^e
fromsubmersion in the salt water.

^"^^=^=^ss^^:¥^
^S2S^^S S^i ̂ ^G?^^ ̂ ^^a-ssihecn^oat launc.
area in town.

Thank you for your consideration.

Sincerely,

Alien Carter
Tahsis Resident



oC\3.

Grant in Aid Application
Policy #2007

Name of Group or Organization: Culture Days Date: July 10, 2019

I hereby request a Grant in Aid from the Village ofTahsis. 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.
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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 Will 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 che ue. Just ermission to use rec centre m.

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

Workshop fee

Travel expenses

Perdiemsx2 days

Materials (flexible)

pencils

TOTAL

$325
$100

$80
$275 (maximum cost for tempers palettes brushes sharpies/markers

paper)

$780

Calligraphy Class

Pens $5x24 =¥120

TOTAL $120

Square Dancing

The Tree Planter Band will come to play and do the calls. They are a group of four musicians who 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

ZO-mlnute intensive: Participants are asked to please stay for the duration of 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 look at the colours in the room

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

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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(<\~L

UBCM ORV Working Group for Rural Communities

Participate with UBCM and local governments via conference call prior to the 2019 UBCM Convention 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 2019 UBCM
Convention (see Backgrounder. Resolutions and Aligning with Provincial Legislation 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.

ORV 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 sustalnable 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 Mane Crawford at
mcrawfordg'ubcm. 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 atvbc.ca
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BACKGROUNDER

ORV Tourism - Changing Social & Economic Trends for Rural Communities

Property managed ATV destination tourism utilizes existing infrastruclure and suetainable trail networks to msxiinue
the. economic devel&pmfenf benefits for the whole commuinity while rcKpecting environmtintcsl snd cuttur&f vslues.

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 jnter-community ORV tourism. In BC we have vast crown land and trail networks connecting

our rural communities that easily allow communities to establish a designated ORV trail network that
has the potential to connect thousands of kilometers of trails and communities-

For an ORV trail network to 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-ln 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 local 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 local 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 ORV 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 forwhich operation permits must be Issued, however currently tourists must travel the whole
1,000 km route to 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 operation 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 will allow ride-ln 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

P17B



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 to be within a one day drive of the province. A 2015
economic impact study indicates the combined investment and operating expenditure ofATV/SxS
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 also encourage your members to continue to work colloboratively with local staff from the
Ministry of Transportation and Infrastructure, the Ministry of Forests, Lands and Natural Resource
Operations, and local governments on proposals for ORV trails/routes that provide safe incidental access
to highways {l. e. ORV travels along portions of the highway right-of-way to access a trail, ability to
access gos stations and slgnage 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 ORVAct 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@ubcm. ca

2019 UBCM Session Proposal Jointly submitted bySoyward, Tahsis, Tumbler Ridge andATVBC{UBCM
approval 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.

2019 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,
Tahsls, 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 kim 'atvbc.ca
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ORV 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 ofORVs on
Crown land.

Safe and mare convenient incidental access to public roads and highways is key to the ORV
Management Framework"

ORV tourism is supported by the Province of BCs ORV Management Framework with improved
incidental public road access to better connect BCs 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.1

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.2

ORV tourism allows rural communities to embrace the 2019-2021 Strategic Framework for Tourism in
BC Welcoming Visitors - Benefiting Locals - Working Together"3 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 benefits 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 annually4 [note: 2015 study based on 100, 000 machines; ICBC

2019 registration data indicates 20% plus increase, with over 120, 000 ATV/SxS's registered in BC)

.'Province ofBC, Off Road Vehicles, ORV Management Framework, Improved Road Access for ORVs
ht4-^y/ww2. ^m. bc^ca/jB@Vj!<£o"ter^*industr crown-land-water; crown-land/crown-land-uses/off-road-vehkjes 'JnwrDved-
rpad-access

ZProviiKe of EC, Trails Strategy for British Columbia
htti!i//www-5'rteia^dtraibbc. ca;dcK:uments. 'Trail-StrateK»-_fon-BC V6,Nov2012. u<Jrf'

Province of BC, Strategic Framework for Tourism in BC
ht4is^www2 wv. bc. ca/^ov conteni/tourism-im mByation./tourism-resources/ bcs-tpyrism. frB mework

Canadian Off-Highway Vehicle Manufacturers Council, EconomfC Impact Study ofATVs and SxS
htt, is^wmw,.^hvr3j')ifess-release^canadians-sj nt-6-^biflton-on"direct-a(:tiy)tie5-in'vofw. rv.-3tvs^nd-rovs-in-201S''
httys- ^wwftn/. cohvxa/vyj KX!ntenVu^adi^016/ll/Reduced^m^Total-Eccmomic-]m^act^of-A^
Report. pdf
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AVICC
Association of

Vancouver Island and

Coastal Communities

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 more convenient incidental
access to public 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;

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
jurisdictions 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 legislative amendments to authorise a local government to
regulate the operation ofoff-mad vehicles on municipal roads within that local government's
boundaries.

Prior to 2013, the UBCM membership consistently endorsed resolutions colling on the Province to enact
legislation and regulations for licensing and registration ofoff-road vehicles (2009-AS, 2007- B20, 2005-
B10, 2002-B9).

httcs://avicc. ca/w >-content u iloads 2019, '04/Prot;ram-and-Re5olutlons-2019. idf
Page 36
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7/9/2019 North Central Local Govemmervt Association J Home

ORV Management Framework Improvements to Facilitate
Tourism

Sponsors: Distr'u ufTumbler Ridge

Vear Category NCLGA Ref#
2019 Community and ResojrcF-. ^ R18

STATUS

NCLGA Executive Recommendation: No Recommendation | Endorsed by the NCLGA Membership

DETAILS

Whereas the Off Road Vehicle Act |ORV) was intended to create safe and more convenient incidental access to public roads
and highways to better connect BCs rural com.T, unit;es and siipport a first-rate ORV'. ra'l network and to allow loi-a!
governments lo expand -iheir tra'l networks to take advantage of econon-ic development opportunities by way oftcurism;

And whereas the current admnislrative process to obta n Operation Permits as permitted under the ORV Act is onerous
and n;n conducive to convenient incidental access to tra-1 networks connect'r. g miiitipie commun nes ss a separaie
operation permit ni^st be obtained from eac" jurisdiction;

Therefore be it resoK'erl thai the following changes to legisialion are msde;

Only one (1) Opeiation Perm:t lequired foi approved access to mullipi p jurisdictions and/or coniiiiuiiilies, along a
csnnecting designates ORV foule and trai: network, which cen beissuedinanyoflhejur. sdiGionsur cornmun'tles along
the route.

Operation Pcrm.ts can be issued by;ocal RCMP or local government.

Operation Permit term extendec fro.-n 2 years to 5 years to aHgn witn d'-ivei's licence term.

RESPONSES

The Reso. jtions C'crmiittee advi.ses iha; the LJBCM rnemBershiD lias nol speci'ic.iliy addressed the issue of ORV operatina
pe'Tnits.

However, the Csn-imi'.lee norcs that the membership has more broauly endoised lesolulions looking to license and
regulate ORVs (2016-B67, 2013-B97. 2011. 830, 2009 A6, 2007. B20, 2005. B10, 2002. B9).

View Ai; Resolulons (/docume"ts/reso;ut'ons}

https://v/ww. nclga. ca/resolutions/ORV-Mana9ement-Framework-improverrtent5-to-FaciIitale-Touri5m 1M
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VILLAGE OF TAHSIS

To; Mayor and Council

From: Mark Tateliell, CAO

Date; July 22, 2019

Re: Municipal Insurance ABsociation 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 conjunc;tion with the UBCM
Convention.

OPTIONS ALTERBATIVES

1. By resolution select a Voting Delegate and Alternate to vote at the M3ABC Annual
General: or

2, Any other alternative that Council deems appropriate

BACKOROUND:

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 ofTahsis 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 resolution is
required to change the voting delegate and/or two alternates. The resolution must be
forwarded to MIABC by September 9th, 2019.

The AGM Booklet with further voting information will be distributed on August 23, 2019.

N/A

FlSANCIAL IMPLICATIQNS:

N/A

1[Page

P183



STRATEGIC PRIORITT:

N/A

RECOMMENDED RESOLUTION

Moved, seconded by Councillor THAT be

selected as the Village ofTahsis Votiug Delegate for the MIABC 2019 Annual General Meeting
and future annual general meetings.

Moved, seconded by Councillor THAT be

selected as the ViUage of Tahsis Alternate # 1 for the MIABC 2019 Annual General Meeting and
future annual general meetings,

Respectfully submitted:

/"

Mark Tatchell, CAO

2 I Page
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VILLAGE OF TAHSIS
rns

To: Mayor and Council

From: Mark Tatchell, CAO

Date: July 24, 2019

Re: Local Government Diking Authority

PURPOSE OF RBPORT:

To seek Council's consideration to authorize the Village ofTahsis as the diking authority for
existing dikes, improvements to these dikes as well as any new dikes that may be constructed.

Omons AI.TEBNATIVES

1. 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 Flood Mitigation 2019 program."

2. Do not approve the proposed resolution;
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 flooding of land;

"diking authority" means

(a) the commissioners of a district to which Part 2 of the Drainqae. £Xtdt and Dike Act
applies,

(b) a person owning or controlling a dike other than a private dike,

1 I Pa ge
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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 authority designated by the minister as having any responsibility for
maintenance of a dike other than a private 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-govemment organizations, private corporations and private
individuals.

Operational experience over the past few decades has shown that majiy of these "diking
authorities* have had significant difficulties in maintaining an "ongoing, adequately funded
dike management program... " and "acquirmg 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 parallel to
Cook Street. Although the Village was involved in the construction of both dikes. there is no
record indicating that Council approved becoming a diking authority under the Dike
Maintenance Act.

Having completed 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/LECISLATIVE REQUIREMENTS:

The policy and legislative requirements are described above.

FlNAHCUJ. IMPLICATIONS:

The Village currently functions 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 government to be a diking authority.

2|Page
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STRATEGIC PRIORITY:

N/A

RECOMMENDATKW:

Approve the resolutions in Option 1.

Respectfully submitted:

f ^^S^TS'^V'^'^^

Mark Tatchel), CAO
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Demonstration Project Grants
Application Form

y'\* 'I t^-Lv,

/T^. 1

Abouli Toward P&Fili.y En IVfcunrfcfpal PatEtrcs-
Toward Parity in Municipal Politics isa 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.

Abeut Demon^i'atron pro.jerts

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.
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.

E3art A; AppEEeant: lnformatEor>

lead ApplEcaM: Contact tnformatlcn

Please select your applicant type from the list below.

X Municipal/Local government (e. g. town, city, region, district, and local boards thereof)



a Group of municipalities
a Provincial or Territorial Association

a Municipality or group of municipalities - this includes partner Indigenous community
with a shared service agreement

Mctititlg

. 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

. City - Tahsis,

. Province/territory - British Columbia

. Postal code-VOP 1X0

. Telephone number - 250-934-6344

. Salutation (optional)

. First name -Sarah

. Last name- Fowler

. Middle initial (optional)

. Title municipal councillor

. Email sfowler@villageoftahsis.com

. Telephone (business) 250-934-6344

. Mobile phone (optional) home 250-394-7713



PariiieisEiips; Cortfact [nfurn-iatEoit

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.

t:''iiriiary cwilactirifoti'asiticin far eligible paitner, iwnicipB l or li-isfigenaus commwiity psrtnet's

. Name of partner organization JCR junior Canadian rangers, (ladies auxiliary)

. Province British Columbia

. Contact name and title Dan Dahling; patrol leader Tahsis division (Debbie Vansolkema)

. Email address headbay@cablerocket. com

Descfibe the partnei oeganiiation

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 demonstration
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 youth 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.

Describe the riotttie of the parii-iership

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



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.

. 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.

* This based camp is designed to explore potential opportunities in local food

production but also provide a gathering space to have fireside chats about

barriers and resiliency development strategies.

* By integrating the youth 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.

. Previous joint initiatives in our small tight knit communities provide a highly

collaborative chance to celebrate the caregivers and bucket filters.

. The roles and responsibilities of setting up camp as school 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 buckets

to collect the tree sap.

Pforro'e euid:ene:e. of commitmeiits between pcrtnefs

Please attach supporting documents that demonstrate a commitment between the partners who are

applying to share a staff person under this grant.

. 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 it be resolved to support councillor fowler s

draft application to the FCM towards parity demonstration project



htt s://fcm. ca/en/news-media/announcement/wil /toward- arit -demonstration-
roects? cldee=bXRhdGNoZWxsQHZ bGxhZ2VvZnRhaHN c 5'b20%3d&reci ientid=contact-

f98c5392ded9e61181c0005056bc2daa-
3309d8f0ba06454e8f7'ba8534c002bfc&utm source=ClickDimensions&utm medium=email&utm
cam ai n=FCM%20Voice&esid=63bOc195-8fa1-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.

E3 art B: Description of propesed fFtEtia'LEves

What E£ (lie focus and objective of yemr p. ro|i>osal?

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:

. Initiatives that are targeting marginalised women or women who experience impacts from
multiple barriers (including but not limited to indigenous women, racialized women, LGBTQ2S+,
young women, etc.)

. 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 filter 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 LGBTQ2S+ 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 I will quote the

Primary teacher (another great local role model and women leader) told me

when I 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 i was feeling. The constant nurturing and monotonous tasks oscillating



between clean and dirty, care giving was draining my energy and reserves.

Motherhood mimics this theme as I 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 is a
form of leadership that is rhythmic and cyclical. I 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 pioneer
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



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.

Cho. ose your piilar

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 pillars of action.

Please select one pillar that best describes the proposed activities for the demonstration grant.

a Pillar 1: Improved Access to information: Initiatives that enhance the sharing of information, tools,
best practices, and training; includes the collection of disaggregated data for informed decision
making and dispelling of negative stereotypes or false perceptions.

X Pillar 2: Enhanced Inclusion: tncudes initiatives that facilitate the participation of all people,
especially those efforts that strive to reduce systemic barriers (sexism, racism, ableism, etc. ),
economic inequality, intimidation and harassment.

a 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 mentorship, 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.

Describe whei-s vou see the ii'utEative havirtg fEie greatest [mpaet:
tUtVwEn/lead

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 on council.

. Run - Increasing the number of women who consider or submit their candidacy. Can includes
initiatives that provide education opportunities about being engaged in municipal leadership, such as
committees, school board, etc.

. 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. I 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 its parts. Holistic approach of building
bridges between identifies and our differences highlight the strength of interwoven

diversity.

When I first ran for municipal council I was pregnant with my second child and I
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 I understand better how my faults
and struggles can be a journey, that to slowly walk this road, humbly has helped me
to build skills 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 I 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. I
know more now, than I did before, new information comes in so I evolve in my
process. Opening my mind further than I previously thought possible, bit by bit slowly
filling like a bucket, spilling over my modest expectations. I admire the vision and
tact of those locally I have witnessed doing what they can do to be involved in

governance.

Describe the anticipated impacts of your proposed initiatives

500-800 words. 25% of score.
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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.

Ideally 1 think it likely to be a creative journey that will have surprising aptitudes
surface from unlikely talent. Supplementary effects could be 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 I 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. I hope to attract
people with special needs as well as my peers, the other parents of young children 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 filling/ 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.



i'i'ovide a suiYtivi&EY budget and we-fk piai?

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 ofTahsis 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

7

61
5

4

3

2

1

0 4

. preparation FCM towards parity
demonstartion project
application form

K host spring break event at Petes
farm; sap to syrup

Nf evaualtion of all inclusive

campaign school

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 all parties campaign school fireside gatherings

Spring to summer 2020- distribute evaluation forms,

Follow up on expenses incurred

Thank all involved participants
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Part C: DecEarati&n and signature

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.

I, Sarah Fowler [name],
[title] of the_village ofTahsis

municipal councillor

[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. That if 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.
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6. That the Applicant acknowledges and agrees that changes in scope to the
initiative after this date of application may not be accepted by CCM.

By providing my signature I acknowledge and agree to all statements above.

Sarah Fowler

Full Name (Print)

smfowler

Signature

July 31, 2019

Date

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

. FCM affiliated reviewers

. 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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AppsandiKA. EtlgibEe eKpeEidEtiires

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:

. Capital expenditures or equipment, such as a computers, land, 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.
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idix B: ^ fcvaiijai'CTn

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

The applicant is a local government (or consortium of local governments) and member of X
FCM

Is working in partnership women's organisation, youth group, community group or Not-for X
profit

The applicant has demonstrated support of its senior decision makers and that of its partner
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:

a Pillar 1: Improved Access to information:

5 a Pillar 2: Enhanced Inclusion :

a Pillar 3: Increased support:

a Pillar 4: Improved governance and structure:

6 Rational and impact on Run/Win/Lead with concrete examples of impact, x

7 Outlines the impact, sustainability and replicabilityofthe initiative x

x

JCR

Expected August 6

Pillar 2 focused

Mistakes as learning
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Criteria

8 Includes a realistic budget and work plan

Optional Criteria: for additional considerations

Initiatives that are targeting marginalised women or women who experience impacts
from multiple barriers (including but not limited to indigenous women, racialized
women, LGBTQ2S+, young women, etc.)

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

Link with prioritized areas of intervention - mentorship, increase information,

breaking down informal networking and decision making

Yes No Comments

; Can commence without

financial support

; Creative fusion

Local food work party
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