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Disclaimer

This study should be considered a preliminary and ceacsée natural capital account for a small portion
of the Mission Creek watershedhis work is first step towards a more comprehensive accounting of
natural capital assets in the regiand isprimarilyintended to support ongoing efforts to restore antion

of this important stream

More Canadiarand localresearch is needed to determirtbe full range of ecosystem service values
relevant tothis ecoregion andhe landcover typedound therein This work is intended to encourage
others to consider th@alue of natural capital and its ecosystem services, as well as to stimulate a growing
dialogue regarding the real value of natural capital, ecosystem services, stewardship and conservation.

The content of this study is the responsibility of its authard does not necessarily reflect the views and
opinions of those acknowledged above.

Every effort to ensure the accuracy of the information contained in this study hastbhken;however,
peer review was limited by time constrain&iggestions for improwaents that can be incorporated into
future workare welcome
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Executive Summary

The lowerstream segmenof Mission Creek is locatedthin the city of Kelowna, British Colump@anada
where itoutletsinto Okanagan Lakd&hisstreamprovides significant value to the people of Kelowna as a
source ofwater for both drinking and irrigation, recreain, socializing, fundraising, wildlife viewing,
unwinding,andexperiencing and connecting with nature.

Mission Creek remains of centralportance to the weHbeing ofthe communityof Kelownadespite the
fact that, from an ecologicalerspective Mission Creek has been severely compromisegely die to

diking of the creeKi.e. channelization)which began in the 1950sThe result is @t more than 60% of
the streamlength has been losgpproximately80% ofthe spawning and rearing habitatim®w gone, and
approximately75% ofthe associatedvetland and riparian areas have been eliminated

One of the main reasons for ecosystelegradation(including that associated with Mission Crei&kihe
exclusion ofthe value ofnatural capitalfrom current measures of progress and decisioaking.
Ecosystem services are derived from natural capital, which are critical to both the sandvwakltbeing

of humans. Natural capital and ecosystem service accounts prinfitenationthat can inform decision
related topolicy and land use planning is imperative that the value of natural capital and ecosystem
services is clearly understoty all stakeholders

Interest in restoring the lower section bfission Ceekt especially sections downstreameést Kelowna

Road Bridge to a more natural conditiomppears to be growingrhis is largely due to the efforts of the

Mission Creek Restotian Initiative (MCRI), and the Mission Creek Working Group winete been

working toward the restoration of thigmportant resource for more than a decad&he Mission Creek

Working Group with fundinfrom the Okanagan Basin Water Board, have commissioned this sfulig

valueof some ofi KS WS O02aeaiSY aSNIAOSaQIti$ Boped Dat la bedtdd o A G K
understanding of the valuef the ecosystem services provided by Mission Creek todayuadér a
restorationscenariowill assist with future decisiemaking and with obtaining the funding necessary to
undertake restoration efforts.

In its current state Mission Creek providesxtensived Sy STAGa G2 YSt24yl Qa NBaaA
visitors. Howeverit is expected that the value of may thesebenefitsare below what they once were

and would increase sometimes (as in the case of habitat for rare, or endangered species) quite
considerablyas a result ofestoration activities.

This reprt estimates thecurrentvalue of a number of important ecosystem serviaetelp demonstrate
the importance of Mission CreekThe study also presents a second scenario that identifies and explores
how some of these values would change as a result pbtnetical restoration activities.

Ecosystem serviceselected andvaluedas part ofthis assessmerinclude farmland, habitatoutdoor
recreation, water supply, forest carbon storage and sequestration, wetland carbon storage, grassland
carbon storage, affiltration by forests, flood protection (water regulatignyaste treatment by wetlands

and fishing The table below summarizes the results of the analysis of the valiresé selececosystem
services. Both baseline valuations (the value of ecosysemices today) and restoration valuats(fior
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a selectnumber ofecosystem services) are showlrhe current value of natural capital associated with
the Mission Creek study area is estimatedbe neaty $19 million (2012%$). The restoration scenario,
which includes the restoration of portiortd the creekwithin the lower12kilometres ofit, is expected to
result in a 10% increase in the value of select ecosystem servidesrestoration scenari@sults in an
increase in the value of ecosystem seegitoneary $21 million(2012$).

Summary of Mission Cregkcosystem Servicddased on Two Scenarios
: : Increase irselect Total value of
Ecosystem Service Baseglg: 1\;‘:)” ation ecpsystem service§ ecosystem servicewith
resulting from restoration restoration (2012%)
(20123%)
Farmland 4,220,353 4,220,353
Habitat 369,073 369,073
Outdoor recreation 12,192,768 12,192,768
Water supply 231,349 231,349
Water filtration 29,817 29,817
Climate regulation (storage 610,439 610,439
Climate regulation 50,306 1,203 51,509
(sequestration)
Air quality 263,538 263,538
Flood protection (forests) 518,652 12,488 531,140
Flood protection (wetlands 138,973 12,892 151,865
and stream)
Waste treatment 205,740 205,740
Fishery 1,931,547 1,931,547
TOTAL 18,831,009 1,958,130 20,789,139

Two important assumptions were made timis analysisFirst is the assurmtion that salmon fishingn
Mission Creekan resume following restoratiorSecond is theassumption that restang select sections
of Mission Creek will result in a 2.4% increasennmberof provision services.

This study is a first stefpwards a full natural capital account for thdission Creek watershednd
surroundingareas.

1 willingness to pay for the protection of farmland for agriculture purposes.
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Introduction

The lower section dflission Creek is locatedithin the city of Kelowna, British Columbiddp 1, below)

where it meets Okanagan LaKehe importance othis creekto the people of Kelowna is evident on a
number of levels. Mission Creek was central to the initial settlenwnthe city and the economic
development of Kelowna thdtas takenplaceovertime. First Nations relied on Mission Creek and the
associated riparian areas for food, building materials and medicines. Kokanee salmon, which were
historically abundant in Missn Creek, were particularly important to Okanagan First Nation
communities. Anecdotal evidence suggests that over 60 years ago Mission Creek was red with kokanee
each fall when it has been suggested that "millions of kokanee" returned to the twesgawn.

Today, Mission Creetontinues toprovide significant value to the people of Kelowna as a source of
drinking and irrigation water, recreating, socializing, fundraising, wildlife viewing, unwinding, and
experiencing and connecting with nature. Thigigtdespite the fact that, from an ecologigarspective
Mission Creek has been severely compromibgdhumaninterventions within and along the stream
corridor.

Map 1: Mission CreeRVNatershed including the city oKelowna, British Columbia
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Based uporhistoric orthophotoswhich date back to 1938t is estimated thathe main Mission Creek
channelbetween the East Kelowna Roaddge and the outflow of the creek at Okanagan Lakasa
meandering channeb0 to 80 meters wideind 30 kilometresin length. In the 1950smost portions of
lower Mission Creek were channelized and diked for flood coAtR#lative to the condition of Mission
Creekprior to channelizingtoday the stretch of Mission Creek that fhis through Kelowna averages just
31 metersin widthand the creek length has been reduced gkilometres? As a result of extensive diking
efforts in the 1950smore than 60% of the lengtbf the creekhas been lost, spawning and rearing habitat
hasdiminished by80% and 75% ofhe wetland and riparian aredsave beereliminated

Given theabundantalterationsto the lower segment of thestreamand the increasing knowledge thfe
array ofnnegative impaat associated withthese alterations from a natural environment perspective
mounting interest in stream restoration is not surprisiipe Mission Creek Restoration Initiatifdd CRI)
is a multidisciplinary, multistakeholder initiative with ayoal of restoringthe lower section of Mission
Creekt fromthe East Kelowna Road Bridge, downstream to Okanagan takemore natural condition.
While in its current state, Mission Creek provides numerous benefits to Kefddina NB a A RSy a4 X 06 dz
and visitorsit is expected that the value afanybenefits would increasas a result of streamestoration.
To help demonstrate the importance of Mission Creek, this report presstimates of the current value
of some of theecosystem goods and servicgeferred to as ecosystem servigggovided by Mission
Creek The report also considers an alternate future scenassuminghe restoration of some portions
of the lower 12 km of stream. The restoration scenaplores how some of tie valuesmaychange as a
result of restoration activities.

Thelmportance of Natural Capital and Ecosystem Services

Natural capital refers to thealue ofS I NIl K Q& f | Y R X, ligidg 6r§aNidins and M 2oémialiors NS
2T GKS S NJIjiK QaureptArRAZALIKSINIBA G A& 2NAFYAT SR | YR 0 dzy
ecosystems, which provide resources and flows of ecosystem se(wiegy of which are of use to and
valued by humansYhe goods and servicpsovided by ecosystenae critical to the economic and social
well-being of humans. Ecosystem services arerofiefined as the benefits that people obtain either
directly or indirectly from ecological systerh&cosystems provide numerous serviceeluding the
storage of flood waters, water capture and filtration by watersheds, air pollution absorption by, &nees
climate regulation from carbon storage in trees, plants and s&tosystem services are generally
organized into four classes: provisioning services, regulating services, habitat services, and cultural and
amenity services Table 1 below provides gamples of each of the four classefsservices

Tablel - Typology of Ecosystem Serviées

2 Gaboury, Marc and Pat Slaney. 200Bssion Creek Habitat Restoration FeasibiRgport submitted to Ministry of Water,
Land and Air Protection.

3 1bid.

4 MillenniumEcosystem Assessment. 20860systems and Human Wedling Synthesisisland Press. Washington, DC.

5 See, for exampleMlillennium Ecosystem Assessment. 20B8osystems and Human Wedling Island Press. Washington, DC.
6 http://www.teebweb.org/Home/tabid/924/Default.aspx
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Provisioning Services

Food Food, fish and meat for human consumption.
Water Supply Water for human consumption, irrigation, amustrial use.
Raw Materials Timber, fuelwood.

Medicinal Resources | Providing drugs, pharmaceuticals, tests, tools & assay organisms.
Ornamental Resources Resources for fashion, jewelry, handicraft, worship and decoration.

Regulating Services

GasRegulation Providing clean, breathable air, disease prevention, and planet habitability.

Provices a stable climate preventing increased climatic variability, glacial and
permafrost melt, increased storm frequency and force, and glebalrise.
Preventing and mitigating natural hazards such as floods, storm surges, hurrican
fires, and droughts.

Soil Retention Retaining arable land, slope stability and coastal integrity.

Providing watesupply fornatural irrigation, drainage, ground water recharge, river
flows and navigation.

Climate Regulation

Disturbance Preventior

Water Regulation

Biological Control Providing pest and disease control.

Waste Treatment Absorption of organic waste, natural water filtration, pollution reduction.
Soil Formation Creating soils for agricultural and ecosystems integrity.

Pollination Providing pollination of wild and domestic plan species.

Nutrient Regulation Promoting healthy soils, and gas, climate and water regulating services.

Habitat Services

Maintaining habitat for genetic and biological diversity, the basis for most other
functions.

Nursery Providing habitat for spawning and nesting for reproduction.

Habitat andBiodiversity

Cultural & Amenity Services

Aesthetic Enjoying and appreciating the scenesgunds and smells of nature.
Recreation and Tourisn Experiencing outdoor activities in natural ecosystems.
Science and Education| Learning and research activities in natural ecosystems.

Experiencing nature through art, filrfglklore, books, cultural symbols, architecture
religion, spiritual activities and media

Cultural and Artistic

Ecosystemservices araypicallyundervalued in markeeconomieq(if valued at all)despite beingvorth

trillions of dollars per yeaglobally’ As a resultquantifying,measuringand monitoringnatural capital

and ecosystem servicé&san increasinglgommon practiceao inform dedsion-makersof the implications

of resourceand land use decisioftyy communitiesbusinesseandgovernmentsGenerally, the fultosts

of humanactivitiesand their impacts on the environmemtre notaccounted for, and as a result these

costsare externalized® Modern societies ar@ow facingsevereenvironmental problems due tthe

declinein ecosystem services a direct resubbf ignoring thesexternal costso the naturalenvironment

The United Nations Miknnium Ecosystem Assessmg@005) reported that over the past 50 years

KdzYl ya KIF @S OKIFIy3aSR (KS 9FNIKQa SOz2aedaisSvya Y2NB N

"Costanza,R.etal.8B.¢ KS @I f dzS 2F (GKS ¢2NI RQA SNatukB887:458269. 3 SNIIAOSE | yR vy
8 External costs areosts that are not reflected in market prices and are therefore borne by society as a whole (e.g. the cost of
pollution).
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human history. Thedd 8 S84 YSy i 02y Of dzZRSR GKF G FLIINBEAYIF GSte&
services are being degraded or used unsustainablye results are an unprecedented declinggiabal
biodiversity® and precious natural assets that providemanswith life-supporting services.

TheEconomic Significancef Ecosystem Services

Quantifying ecosystem services is increasingly recognized as a valuable approach to account for the value
of ecosystems! Communitiesgroupsand governments are beginmm to recognize the essentiaénefits

that nature provides. As a resultyaluingecosystem servicas anemerging trend at the global, national
andlocallevek. Aglobal studyhaSa Gt A YIF § SR (KS @FftdzS 2F (GKS -$18NI RQa
¢ 54 trillion/year, with an average of $33 trillion/yeartto be worth more than the value of the entire

global economy, which was $18 trillion in the year the study was completed

In Canada, twstudies have assessed then-marketvalue of natural capita F2 NJ / | y IgRh. Q& 06 2 N.
In 2009, it was estimated that thilackenzievalleyRegionwas worth$570 billion per year (an average

of $3,426 per hectare)his is more than 18mesgreater thanthe market value of th@atural resources

(e.g. oil and natral gas) extracted from theameregion®In southern Ontario, foustudies have assessed

the nonmarket values of/ | (i dzNB Q ¥ randg® jfdnTha, 94 &to $5,060 per hectare per year. In 2008,

a study estimated that the value etosystem services provided the OntarioGreenbeltwas over$2.6

billion each year (an average value of $3,4@7 hectard.’*A similar study estimated the value of the
Lake Simcoe watershed at $975 million per year (an average value of $2,948 pee)ié¢ta2009 the

value of theCredit Valley Watershedas estimated a$371 million each yeaanaverage of $490 per

local resident)® Also, in 2009, a benefit transfer study was undertaken for the Ontario Ministry of Natural
Resources that reported thennual value of/ I G dzNB Q dor tileSpftife Fouttiein Ontario region to

be worth an estimated $63 billion (updated in 2011). This study area of 12.5 million hectares had an
estimated average value of $5,060 per hectare each Year.

In 2010, a study ofi KS SO2aeadiSYy aSNWBAOSAE LINPOARSR o0& . NRG;
watershedsvas commissionelly the Pacific Parklands Foundation. In this study, the top three ecosystem

9Millennium Ecosystem Assessment. 20B8osystems and Human Wedling: Synthesidsland Press. Washington, DC.

10 Biodiversity or lblogical diversity refers to the variety of species and ecosystems on Earth and the ecological processes of

which they are a part.

11 Troy,A. and Wilson, M.A. 200@apping ecosystem services: Practical challenges and opportunities in linking GIS and value

transfer. Ecological Economics. 60: 4840.

12Costanza, R.etal.8B.¢ KS @ £ dzS 2F GKS ¢2NI RQa SNatu@d87:58269. 4 SNIBAOSa | yR ¥
13 Anielski, M., and Wilson, S. 200%ie Real Wealth of the Mackenzie Region: Assessirggatineal Capital Values of a

Northern Boreal Ecosysterf2009 Update). Canadian Boreal Initiative. Ottawa, Canada.

4wilson, S.J.2008.y (i F NA2Qa 2SIt GKZ /FylFRIFQa Cdzii dzNB-ServietBdeRbEA | GAyYy 3 GKS
Foundation and Davi8uzuki Foundation.

15Wilson, S.J.200B.1 1S {AYO02S . I aAyQa bl GdzNI € / F LAGL €. FriedKdbthet | £ dzS 2 F (K
Greenbelt Foundation Occasional Paper Series. Lake Simcoe Region Conservation Authority and The Friendsntfethe Gre

Foundation. Ontario, Canada.

16 Kennedy, M., and Wilson, J. 200&tural Credit: Estimating the Value of Natural Capital in the Credit River WateTded

Pembina Institute and Credit Valley Conservation. Note: natural capital values per hectarsavprovided in the study.

17 Troy, A., and Bagstad, K. 2088timation of Ecosystem Service Values for Southern Qrpatialnformatics Group.

Prepared for the Ontario Ministry of Natural Resources. Ontario. Updated values cited were receetlgl fiom the authors.

The larger value per hectare in this study, compared to the other southern Ontario studies, was the result of higher values

attributed to urban and suburban natural cover, because of the greater sized population dependent onrdersspgces.

PAGHO MISSION CREEK RESTORATION INITIATIVE



services weredentified as 1) climate regulation provided by carbon stgein forests, wetlands,
grasslands and shrublands ($1.7 billion/year); 2) water filtration services by forestsedlashds $1.6
billion/year); and, 3) flood protection provided by water regulation through forests ($1.2 billion/year). The
total value assssed for the ecosystem servicesnsidered by this studyvas an estimated $5.4
billion/year (an average value of $3,959 per hectare). This eguat&2,449 per person or $6,368 per
householdyear.1®

Thesestudies demonstrate thémportanceof nature. Yet,aspreviouslynoted, many of these values are
not reflected in market prices and aredfeforenot taken into consideration when making important land
use decisions. In the context of the current study, given the importance of Mission Creek to the gleople
Kelownaand thelargerOkanagan Valleyhe restoration of Missioi€reekhas the potential to result in
significant increases in the value of ecosystem services provided by the tmesé&me cases these
improvements yield a direct improvement iuality of life (e.g. water quality), while in others the
connection is more indirece(g.wildlife habitat). Yet without information on the current valyer how
that value will change should restoration activities take place, such informitiorerelyspeculation By
estimating natural capital values for Mission Creek and examining how some of those vatsss be
expected tochange under a restoration scenaréecision makers and members of the public in Kelowna
will be able to make more informed desions about how this important community asset should be
managed over time.

Ecological Goods and Services in Mission Creek

This analysis focused on tlwver segment of Mission Creekrom the Mission Creek Falls (east boundary
of the City of Kelowna) ttine outlet of the creek at Okanagduakec a segment of the creek thateasures
12km. This sectiorof creek was chosen becausetloé significanthangeghat have occurredo channel
morphology, watershed processemd aquatic and terrestrial habitalue to the channelizing and diking
that has taken placwithinit. By contrast, Mission Creeipstream otthe study areaemains in a relatively
natural state!®

Quantifyingthe value of ecosystem services associated with Mission Creek first requiregiifiddtion
and quantification of the study regidoyland covettype (see Appendix £or a description of thenethods
employed in this study Ecosystenservices can then bascribed to each of thiand covertypesfor the
study area

To arrive at thestudy aredor this assessmena 500metre buffer was created along the length of Mission
Creek (i.e. 250 mtreson each side of the streamyVith a500 nretre buffer and segment lengthf 12 km,
the total study area is 3,624 hectaresable 2 presents area figures for each of ttend covertypes
contained within the Mission Creek study afeesed on Terrestrial Ecosystem Mapping (TEM).data

182 Af 42yY {OWDd HAMA® blaGdzNFE /FLAGEE Ay . o/ ®Qa [26SN) alAytly
David Suzuki Foundation. Vancouver, Canada.

19 Gaboury, Marc and Pat Slaney. 200Bssion Creek Habitat RestoratiBeasibility Report submitted to Ministry of Water,

Land and Air Protection.
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Table2 - Land Cover Typeireas and Per Cent Cover in Mission Cree®tudy Arex®

Land Cover Type Area (ha) | PerCent Cover
Herb 387 10.7
Forb-dominated 6 0.2
Graminoiddominated 2 0.1
Shrub/Herb 25 0.7
Low shrub 4 0.1
Pole/Sapling Broadleaf 40 1.1
Pole/Sapling Coniferous 93 2.6
Pole/Sapling Mixed 2 0.1
Young Forest Broadleaf 117 3.2
Young Forest Coniferous 485 13.4
Young Forest Mixed 32 0.9
Mature Forest Broadleaf 26 0.7
Mature Forest Coniferous 47 1.3
Mature Forest Mixed 1 0.0
Canal 3 0.1
Cultivated field 569 15.7
Cultivated orchard 498 13.7
Cutbank (sparse hybrid) 6 0.2
Exposed Soil 21 0.6
Golf Course 102 2.8
Gravel Pit 8 0.2
River 94 2.6
Road Surface 2 0.1
Rural 160 4.4
Shallow Open Water 19 0.5
Urban/Suburban 874 21.1
TOTAL 3,624 100

At nearly 30% of the study areeultivated fieldsand orchards (i.e. agricultural land) account for the
largest share of the study area at preseldtban/suburban development has the second largest share of
the study areat 21.1%

In terms of natural areasvetlands account for 62.2 hectares (or 1.7%)af Mission Creek study area
(Table 3 below)This araincludes 24.7 hectares of marsh, 17.6 hectares of shallow water wetlands, 11
hectares of flood wetlands, and 8.7 hectares of swamp.

Table3 - Wetland Types in theéMission Geek Sudy Aree!

20 Data derived from Terrestrial Ecosystem Mapping (TEM) data: http://www.env.gov.bc.calfia/terrecomap.htm
21 Ecoscape Environmental Consultants Ltd. 200&land Inventory, Cladgiation, Evaluation & Mapping (WIM)

PAGH?2 MISSION CREEK RESTORATION INITIATIVE



Wetland Type Area (ha)
Marsh 24.7
Shallow water 17.6
FloodMid Bench 10.7
Swamp 8.7
FloodLowBench 0.3
Unclassified 0.2
TOTAL 62.2

As notedpreviously eachland cover typeis associated with different ecosystem servicdable 4
identifies the land covetypes gathered from the spatial datasets for the Mission Creek study area, the
associated ecosystem services, and the potential ecosystem service benefits.

Table4 - Mission Creelt.and Cover Type&cosystem Services amssociatedBenefits

LandCoverType Ecosystem Servicés Egifgt'al RIS Lot s
Wetlands 1 Food 1 Food provision
1 Water/Waterregulation 1 Water supply
1 Flood protection
1 Climateregulation 1 Carbon Storage/Stable climate
1 Moderation ofextremeevents
1 Waste treatment I Waste processing
1 Erosionprevention I Stable shoreline
1 Maintenanceof life cycles of 1 Nursery habitat (nesting/spawning
migratory species 1 Habitat provision
1 Maintenance of genetic diversity 1 Biological and genetic diversity
1 Cultural services 9 Cultural/heritage conservation
1 Recreatiorand tourism 1 Amenity/tourism/recreation
Lakes & Rivers 1 Food 1 Food provision
1 Water/Waterregulation 1 Water supply
1 Climateregulation i Carbon Storage/Stable climate
1 Moderation ofextreme events 1 Floodprotection
1 Waste treatment I Waste processing
1 Erosion prevention I Stable shoreline
1 Maintenance of lifecycles of 1 Nursery habitat (nesting/spawning
migratory species 1 Habitatprovision
T Maintenance of genetic diversity | Biological and genetic diversity
1 Cultural services 9 Cultural/heritage conservation
1 Recreation & Tourism 1 Amenity/tourism/recreation
Forests 1 Food 1 Food provision
1 Water 1 Water supply
1 Air quality regulation 1 Good air quality
1 Climate regulation 1 Carbon storage
1 Water filtration 1 Clean water
1 Water regulation i Floodprotection

22The typology of the ecosystem services presented here are consistent with those used by The Economics of Ecosystems and
Biodiversity (TEEB): http://www.teebweb.org/
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1 Erosion prevention 9  Soil erosion control
1 Pollination 1 Pollination of wild and dtivated
1 Biological control plants
1 Pest control
1 Maintenance of life cycles of 1 Nursery habitat (nesting)
migratory species I Habitat provision
1 Maintenance of genetic diversity 9 Biological and genetic diversity
9 Cultural services 9 Cultural/heritage conservation
I Recreation & Tourism I Amenity/tourism/recreation
Grassland & Shrublang §  Water flow regulation 1 Floodprotection
1 Air quality regulation 1 Good air quality
1 Carbon storage 9 Carbon storage/stable climate
1 Pollination 9 Pollination of wild and cultivated
plants
1 Erosion prevention 9 Soil erosion control
1 Habitat services 1 Biological and genetic diversity
1 Cultural services 1 Cultural/heritage conservation
1 Recreation & Tourism 1 Amenity/tourism/recreation
Cultivated Areas 1 Food 1 Provision of food
1 Pollination 1 Pollination of crops
1 Climate regulation 1 Carbon storage in soils (depends
management practies)
1 Erosion prevention 1 Erosion control
1 Recreation 1 Amenity and recreation
9 Cultural services 9 Cultural/heritage conservation
Urban Greenspace 1 Air quality regulation 1 Abatement of air/noise pollution
1 Water flow regulation 1 Floodprotection
1 Climate regulation 1 Carbon storage
1 Habitat services 1 Habitat provision
1 Cultural services 1 Inspiration/spiritual enhancement
9 Cultural/heritage conservation
1 Recreation 1 Amenity/tourism/recreation

Valuing the Ecological Goods and Services in Mission Creek
This sectiorof the reportpresensinformation on each of the ecosystem services analyzed fokilssion
Creekstudy areaBackground information/contexta descrption of the methodsemployed to value it,
and the results of the valuation analysiee presented for each ecosystem serviéée begin with the

baseline (current) valuation estimates and later in the report present the results of the restoration

scenario. The eosystem services valueith the baselineassessmentare as follows(in order of
appearance)

O O O O 0O O
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Farmland
Habitat

Recreatiorand tourism

Water supply

Forest carbon storagand sequestration

Wetland carbon storage
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Grassland carbon storage

Air filtration by forests

Hood protection (water regulation)
Waste treatmentby wetlands

O O O ©

Farmland

The Value of Farmland: Background

Farmlandepresentaatural capital. Many people place a value (referred to as a public value) on farmland
that is greater than the market value of the products derived frortiaddition to the value derived from

the production of goods from agricultural lanarse of the values that are associated with the presence
of farmland include habitat, groundwater recharge, local food production capacity, agricultural heritage,
scenic vistas and urban growth containméha 2009 survey of households in Metro Vancouventified

the three most important benefits households place on farmlagdocal food(91%) green spac€69%)
wildlife habitat(51%) nature (33%) jobs(15%) rural life(13%) animals(9%) and culture(7%)?* These
values, however, because they aret ti@ded in the market place are not included in market pri¢eas

a result when decisiormakers makéand use allocation choicé€s.g. to convert agricultural land to urban
land uses}here may be atendencyto take only market prices into consideration. In doing so, the full
spectrum of value consideratiomse not beaccouned for. By estimating the value th#the public places

on the presence of farmland in a region, decisinakersmay be in a better pogon to accountfor the

true value associated with land allocated to farm uses.

Agricultural landsvithin andin the area surrounding Kelowrmaovide important value to the people in

the region.The Agriculture Land Reserve (ALR) ingdementedin 1974 irrecognition of the importance

of agriculture land$o the Province of British Columbi@.2 Rl € = | LILINREA Yl GSt & nmw: 27
iswithinthe AWYX 6AGK SEGSY&aAdS f1 yR 0SA yaheagriduitual Ri&sB R & LIN
in and around Kelowngprovide a variety of agricultural products including field crops {@agand alfalfa),

fruits (e.g. applespeaches, cherries, grapesuts, berries and vegetables. Livestock farms (e.g. chickens

and hens, cattle and calves, beef cows, antsbs and ponies) are also present in the area surrounding
Kelowna®’ In total, 555 farms, farming 13,127 hectares of land, were located within Kelowna in 2006.

Those farms accounted for about 50% of all of the land being farmed in the Regional Distantraf C

Okanagan. In 2006, the farm population was estimated at 1,665 persome @iz’ 2 F YSt 26y
population?®

23 Robbins, Mark, Nancy Olewiland Marion Robinson. 2008n Estimate of the Public Amenity Benefits and Ecological Goods
Provided by Farmland in Metro Vancouver.

24jbid.

25jbid.

26 City of Kelowna. 200&ity of Kelowna Agricultural Overview

27 Ministry of Agriculture and LandAgriculture in Brief; City of Kelowna
http://www.al.gov.bc.ca/resmgmt/sf/agbriefs_2006census/AginBriefFactsheet_Kelowna.pdf

28 City of Kelowna. 200&ity of Kelowna Agricultural Overview
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The Mission Creek study area has a very large component of farmland within it. In fact, over 1,000 hectares
of the 3,624 hectare study area ismprised of cultivated fields and cultivated orchards. Close to 30% of
the study area isurrentlydedicated to agriculturalise

The Value of Farmlandviethods

There are two key components to the method used to estimatevtidae ofecosystem services associated
with food production from the Mission Creek study area. The first compomsolvesthe estimation of

the market value of the crops derived from the agricultural lands contained within the study area. To
estimate the market alue of crops from the Mission Creek study area, total gross farm receipts from
YSt 26yl Qalsdctanndke@erttifid{$8d,686,182, 20128 Dividing this number by the number

of farms in Kelowna (55%)and the average hectares per farm (23.7%ha)lowed us to estimate gross
farm receipts per hectare for farms in Kelowna ($8,530129. Multiplying this by the hectares of
agricultural land in the study area (sum of cultivated orchards and cultivated fields; 498 ha and 569 ha
respectively) resultén the value of gross farm receipts for agricultural lands in the Mission Creek study
area.

The second component of thecosystenservices associated with agricul&litand in the study area i®
estimatethe collective public value of farmlanHere wetransferred an estimate derived for the public
value of farmland in Metro Vancouver to the Mission Creek study #E®he Metro Vancouver study was
chosen for a number of reasons, nhamely, it is based on a region in British Columbia, it was recently
conduded, and it involved primary research through use of a survey. For these reasons, it was deemed
an appropriate proxy for the Mission Creek study afBze Metro Vancouver study estimated the value
that anaverage household places on farmland by measutiregwillingness to pay to protect farmland.
TheMetro Vancouver studgalculated thewillingness to pay to protect 400 haf farmlandas$77 per
household (2012$}® This valuds consistentwith the range of values obtained by a variety of other
studieson this subjectonducted in North Americ¥#.The transferredvalue 77 per householdwas then
multiplied by the number of househaddn Kelowna %4,760° to get a total willingness to pay for the
protection of 400 hectares of farmland in the Kelowna area.

The Value of Farmland: Results (20129%)
i - Market value of food production from farmland in the Mission Creek Study Aeszd on a value
7 of $4,538/hectardyear the total value of food production for the study area is estimated at
$4,841,800

29 |hid.

30 |bid.

31 |bid.

32Robbins, Mark, Nancy Olewiland Marion Robinson. 2008n Estimate of the Public Amenity Benefits and Ecological Goods
Provided by Farmland in Metro Vancouver.

33 The degree to whicthe willingness to pay estimateflectsspecificcircumstances in Kelowna were not examirgt

example, we did not correct for differences in the scarcity of agriculture land between the two locaticihg)s may over or

under estimate the willingness to pay in Kelowna.

34 | bid.

35 Number of private dwellings in Kelowna according to Statigtiesy Rl Qa4 Hnmwm [/ Sy adza o
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§»> Public value(willingness to pay) to protect 400 hectares of farmla®d,955hectarelyear;
07 $4,220,353o0tal.

Habitat

The Value of Habitat: Background

Mission Creek is known to provide important habitat to numerous birds, mammals and amphibians
including specieat-risk and species of concerird species that have been identified in the area include
sand hillcranes, great blue heronsorthern flickers, pileated woodpeckers, and numerous species of
songbirds. Mammals that have been identified in the Mission Creek area inckalesr, mink, white
tailed deer, black bears, coyote and raccoon. The marsh and pond habitats located aldog Kisgek
provide habitat for ponebreeding amphibians such as tleat Basin Spadefoot toafihe Great Basin
Fadefoottoadis bluelisted provincially andhreatened federally (on Schedule 1 of Species at Risk Act).
Numerous records athe red-listed western screech owhave occurredalong Mission Creek between
Gordon Dive and the eastern boundary tfie studyarea, andhe red-listed Lewis' woodpecker has been
recorded along Mission Creek to the east of shedy area®

The Mission Creek study areaaiso home to a large stand of black cottonwdoekes, which represents

a rare ecosystem in the Okanagan. The black cottonwoods, some of which are over 100 years old, are
located in the Benvoulin Woods area adjacent to Mission Creek. Great blue heronsrheslargest of

these trees’” Groups ofturkey vultures (up to 15) have been observed roosting in trees around the
viewing platform northeast athe Casorso &ad bridge®®

The Value of HabitatMethods

The value of habitat services provided by the study area was derived by summing the estimated habitat
value for each of four habitdand covertypesc forest, grasslands, wetlands and agriculture landghW

the exception of agriculturdnds, the valuef habitat services was estimated by tragisfng a value
estimate per hetare per year to the appropriate area laind coveitype for each of théand covers

The study area encompasses34ectares of forestand cover® An estimate from a 2009 study dhe
value of ecosystem services in Ontanias applied to this are¥ Troy and Bagstadpplythe average of
three values derived in previous studjedl of which apply to forests located adjacent to streams. The

36 Personal communication, Josie Symorts)system Biologist, Ministry of Forests, Lands and Natural Resource Operations
February 152013.

37 Gaboury et. Al. 200Mission Creek Habitat Restoration: Detailed Feasibility Studegsst prepared for the Ministry of

Water, Land and Air Protection.

38 Personal communication, Josie Symorts)system Biologist, Ministry of Forests, Lands and Natural Resource Operations
February 152013.

39842 hectaregepresentsthe sum of pole/saplingdoadleaf, pole/sapling coniferous, pole/sapling mixed, young forest
broadleaf, young forest coniferous, young forest mixed, mature forest broadleaf, mature forest coniferous and mature forest
mixed.

40 Troy, Austin and Ken Bagstad. 20BStimatingEcosystem Services in Southern Ont&&port commissioned by the Ontario
Ministry of Natural Resources.
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resulting figure ($142, 2012%$) was appliedthe area of forest within the Mission Creek study ar@43(
ha) to estimate the habitat value of the forested area witthie study area.

The 2009 study wasalsoused to estimate the habitat value associated with wetlar@snsistent with
forests, thewetlands estimate derived by Troy and Bagsiaddan average of three relevant studies. The
per hectare per year value ($32012%) was applied to the wetlands within the study area (62 ha) to
derive the total value of habitat derived from wetlands.

Thesame approach was employed to estimate the habitat value associated with grasslands in the study
area. In this case, the value per hectare per year ($101, 20123) was transferred from a study by Willis and
Benson that compared the user benefits and costshoée nature reserves in the United StatdsThis

value was applied to thd25 hectare¥’ of grasslands within the study area to derive the total habitat
value of grasslands.

The final component of the habitat value associated with the Mission Creek study area is that which is
derived fromfarmland. A 2009 study on thelue of farmland estimated the willingness of households to
pay into a fund that would be used to pay farm@set aside farmland for wildlif€ The study concluded

that the willingness to paywas $25 (20123$) for the protection of 2,428 hectaresrthe currentstudy,

the $25 value wasonvertedto a per hectare per year estimate by dividing by 2,428. Thaltieg figure

was then multiplied by the estimated number of households in Kelowna that would begatib make

such a payment54,760+33%") to get a per hectare per year estimate of the value of farmland for
wildlife habitat in the Mission Creek studiea.

The Value of Habitat: Resul{2012%)
> The value of habitat (bjand covertype) in the Mission Creek study area is summarizéiinie 5
©" below.

Table5 ¢ Value ofHabitat by Land Gover Type

Habitat Value Habitat Value
LG B2 || [EelOsEr AERE) (20123 per ha per year) (2012$ total)
Forest 843 142 119,802
Wetlands 62 81 5,006
Grasslands 425 101 43,028
Farmlands 1,067 189 201,238
TOTAL 2,396 513 369,073

41 Willis, K. G. and J. F. Benson. 1988omparison of user benefits and costs of nature conservation at three natural eeserve
Regional Studiesh€ Journal of the Regional Studies Association, Volume 22.

42 Grasslands are the sum of herb, fatbminated, graminoiedominated, shrub/herb, and low shrub landcover types.

43 Robbins, Mark, Nancy Olewiler and Marion Robinson. 280%stimate of the PublAmenity Benefits and Ecological Goods
Provided by Farmland in Metro Vancouver

44 Number of private dwellings in Kelowna, Statistics Canada 2011 Census.

45 Number of survey respondents from a study on the public amenity value of farmland in Abbotsford, BC that said they would
be willing to pay into a fund that would be used to compensate farmers that set land aside for wildlife habitat. Soustey Mini

of Agriculture and Lands. 200Public Amenity Benefits and Ecological Services Provided by Farmland to Local Communities in
the Fraser Valley.
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Outdoor Recreation

The Value oOutdoor Recreation:Background

Mission Creek is extremely important from a recreation perspective, not just for the people of Kelowna
but also for the surrounding areand for tourists and visitors from further awags one of the highest

use parks in the region, Mission Ckdeegional Park is considered a flagship park for the Regional District
of Central OkanagafRDCOWParks Servic®.The Mission Creek Greenway (figure below), a jewel for the
city of Kelowna, is comprised of 16.5 kilometres of trail adjacent to MissiorkCfee Greenway is host

to a number of outdoor recreational and tourism activities including walking, running, cycling (for
recreation and commuting), horseback riding, and bird watclgjrajl of which help demonstrate the
importance of Mission Creek todipeople of KelownaAnnual Kokanee stream spawning is also a popular
viewing opportunity for residents and visitors to Kelowha2007 it was estimated that the number of
Greenway users per dayveragedl,450%

Map 2: MissionCreek Greenway

Construction of the Mission Creek Greenwegscompletedin phases. Phase 1, whicttluded 7.3 km
of trail, was completed in 1998Phase benefited from the donation of wer 16 hectares of land, with an
estimated market value of $30000 (1998%) Community support for the construction of the second
phase of the Greenway was overwhelming. Design and construction ofd kail took place between

46 Personal communication, Sandra M&tegional District of Central OkanagaiRarks Servicdanuary 31, 2012
47 1bid.
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2004 and 2005. The project partners and fundraisi
campaign raised a total of $I7 million for the

construction of the trail and amenities. Commitmen More Land Gifted to Greenway

from partners, individuals, and corporate dono

A small section of the Mission Creek

included:® Greenway will be tidied up with a wider trail

o Donation from land owner$525,000 and landscaping, thanks to a gift from the
o Regional District of Central Okanag&850,000 E;‘;‘ﬂ;c‘;ezhiei'tgr'ego‘éfrgrr“;c; T:r?dg:;g;zd
o City of Kelownz$200,000 Hollywood Road South that has sat vacant for
o ProvincialFederal Grant$250,000 decades. The city of Kelowna plans to spruce
o Other grants$70,000 dzLJ §KS DNBSys¢l e asSoi
o Corporate and community donation$177,000 Y2NB Lt Staiy3d F2N KA
o Consultants and contractors donated servicel eSS L BIIINESERE et

The Environmental Education Centre for the Cent

value of $473,700, fills a gap in the Greenway
$31,500 park and allows the city to coplete a
network of trails running along the creek.

Okanagan (EECO) is located in Mission Creek Reg Source http://www.kelownadailycourier.ca/front

pagenews/moreland-gifted-to-greenway

Park. Staff at EECO provide recreational and educatic 10112.html

programs to local school children and the general pub
In 2012 it was estimatedhat 25,000 visitors stopped into
the EECO to view the displays and spend time in the p

or greenway. In the same year, EH2Okings and events

specifically relating to thdission Creek feenwayattracted 6,600 people onto the Greenwaghool
programsbrought an additional11,000visitors*® Someof the more significanevents held on or in
association with the Mission Creek Greenway incléftle:

(0]

o

Kokanee Salmon Exhilsit the EECQ one of three major exhibits held at the EEC®hich drew an
estimated 8,100 peoplan 2012.

Kokanee SalmoRestival held in 2012, thedstival hosted 25,000 attendees.

Kokanee Rugin 2012, this annual evenwhich began in 2005 drew 4&cal school children and 160
participants in total with the proceeds from the run going to support thieriels of Mission Creek
Society.

Take Off on a Hike Prograrguided hikes led by Parks Services interpreters aloagGreenway
Tracks prograng walking program for novice walkers involvingviieekly walks along the Greenway
andin Mission Creek Regional Park.

In addition to the events identified above, a number of fundraising events were held on the Greenway in
2012.Yecifically 15 fundraisers weréooked for the Greenwawith participants estimatedat 4,000. As

48 | bid.

49 Other small group events (walking groups, sports teams, run chresfommon onhte greenwayandare not booked
through the RDC@nd therefore not accounted for in these estimates of users.

50 Personal communication, Sandra Mah, Regionaltibistf Central OkanaganParks Service, January 31, 2012
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a result of these bookings $1,700 was paid to the RDCO. Examples of 2012 events include Hike for Hospice,
Juvenile Diabetes Research Foundation, Prostate Canada Foundation, and Plan Okanagan

The Value oOutdoor Recreation:Methods

There are three components to the estimatextosystemservice values associated wittutdoor
recreationfor the study area. The first component estimates expenditure on natel@ed experiences
specifically outdoor activities in a natural environm@mtnd wildlife viewing. Expenditure estimates were
derived from a significant study done by Environment Canada in 1996 on the value of nature to Canadians.
The study estimated natureelated expenditure by province. The study revealed that in 1996, per capita
expenditureon outdoor activities in a natural environmeint British Columbia was $328 Per capita
expenditure on wildlife viewing wasstimated at aradditional $65For the puposes of this studyhese
estimates were inflated to 2012 dolksand applied to the population of Kelowna to estimate total annual
nature related expenditures for all of Kelown@io approximate the portion of these expenditures
attributable to the Missdn Creek study area we divided the Mission Creek study (@624 hajnto the

total area for the Kelowna distri¢21,737ha)** and applied the result to the nature related expenditures
estimate for the city of Kelowna. The study area compris®s of thearea of the jurisdiction of Kelowna.
Thus itis assumed thatl7% of naturerelated expenditures incurred by the Kelowresidentswould
translate to our study area

The second component of theutdoor recreation value associated with the study angertains to the
consumer surplus associated with recreation. For recreation, consumer surplus is the difference between
how much consumers value outdoor recreation and how much they spend on outdoor recreagion (
described above)ln other words, in tis context, consumer surplus is the maximum amount that a person
recreating would be willing to pay in excess of actual expenditures rather than forgo the experience.
Numerousmethods exist to estimaie consumer surplus, the most common of which is contingent
valuation. With contingent valuation @ansumers are asked how much they would be willing to pay in a
hypothetical market for outdoor good®.g.access tgrovincial parky over and above their expenditure

on equipment, travel, and fees or licenség Envirooment Canada study estimated the willingness of
British Columbians to pay for outdoor activitiend wildlife viewingn a natural environment> These
estimateswere used tacalculate the willingness to pay for these experiences on a per capita bags
value was therappliedto Kelownd & LJ2 LJiE totali val@eyfor the cityvas thenapportionedto the

study aredi.e. 17%of total areg.

51 |bid.

20hdziR22NJ F OGAGAGASE Ay yIFGdzNIt NBF&aé¢ 6SNBE RSTAYSR & (NALA
areas for the main reason of participating in one or more of the following activities: sightseeing in natural areas, phaiggra

in natural areas, gathering nuts, berries and firewood, picnicking, camping, swimming/beach activity,

canoeing/kayaking/sailing, power boating, hiking/backpacking, climbing, horseback riding, cycling in natural amead, off

vehicle use, downhill skiingscountry skiing/snowshoeing, snowmobiling and relaxing in an outdoor setting. Participants also

indicated whether wildlife viewing, recreational fishing or hunting were secondary reasons for the trips.

53 Environment Canada. 200Dhe Importance of Nature to Canadians: The Economic Significance of-iddted Activities.

54 City of Kelowna. 200®fficial Community Plan

55 Environment Canada. 2000he Importance of Nature to Canadians: The Economic Significance of-NdatedActivities.
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The final component of the value of recreation estimate is the aesthetic and amenity value associated
with outdoor recreation.This value was derivefdom a study that evaluated the benefits of employing
pollution control onan urban/suburban river in Massachuset&This same value was presented in the
Troy and Bagstad study on the value of ecosystem services ani@titThe per hectare per year value

was converted to 2012 dollars and applied to the study area that is river (94 ha) to derive a total aesthetic
and amenity value for the river habitat of the Mission Creek study area.

The Value oOutdoor Recreation: Rsults (2012%)

s' The value of recreation and tourism for the Mission Creek study area is summariZabléerd
» below.

Table6 ¢ Value ofOutdoor Recreation

Value component VEllls VEIllE
(2012% per ha per year) (2012$ total)
Expenditure on outdoor activities 2,299 8,331,344
Expenditure on wildlife viewing 510 1,848,392
Willingness to pay for outdoor activities 419 1,517,221
Willingness to pay for wildlife viewing 130 471,439
Aesthetics and amenity 259 24,372
TOTAL 3,617 12,192,768

Water Supplyand Quality

The Value of Water Supplgnd Water Quality Background

Water is fundamental to the survival of humans and wildlife. It is a necessary input to both our society
and the economy. The supply of water has a value because it is used for drinking, irrigation, food
production, sanitation, energy production, forestaynd tourism. While water is a provisioning service
itself, it is also necessary for all other provisioning services (e.g. food, fibre, timber) and many supporting
services (e.g. photosynthesis, nutrient cycling) as walbasecultural services (e.g. regation, aesthetic).

56 Rich, Peter and Joe Moffitt, 198Benefits of pollution control on Massachusé®ttousatonic River: A Hedonic pricing
approach¢ Journal of the American Water Resources Associatioinme 18, Issue 6, 103837, December 1982.

57 Troy, Ausin and Ken Bagstad. 20@@stimating Ecosystem Services in Southern Onfaeéport commissioned by the Ontario
Ministry of Natural Resources.
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Watersheds collect, capture, filter and deliver
water. Forested watersheds agevital component
of a clean and regular supply of drinkingater.
SRR RS RIVE S BEER N EEE  VWetlands also play imporiant roles in the supply of
often the water rushing by in an upland stream or t th id t filtrati
lapping the shore of a fishing lake is the same water  as €y proviage water franion,
water that comes out of their tap into a glass for detoxification, and nutrient retentiorservices as
el well as flood attenuation The Mission Creek
(O [1= 110 A0 e s e R T EB e i Watershed ipart of the Okanagan Lake Basin. It is
QCIEEREUIERVIRCR SR EGSRCHVIESEIE  the |argest tributary in the basin, pviding 28% of
/I NBS1 tlaid oAYuUSNI SAUKS 55 : L
the flow>® The averge annual use of water within
Staff from the Black Mountain Irrigation District the Basin is 219,000 ML (31% of this total is
had to move in with a backhoe to load up the . . .
steaning mass of E. cdikden excrement and domestic water use; 67,890 MB'The Clty of
remove it before spring brought millions of gallons Kelowna is one of the main users diag' much of
of snowmelt running off high elevations, raising ; ;
the level of Mission Creek and washing those piles its water from Ok.an(_algan Lakﬁag flow and quality
into the roiling waterg just above the BMID of water from Mission Creek isherefore a key
Ay ul 1 SXaodnjitd NOai waterfront Ris component of the provision of a sufficient supply of
attractive for recreation, particularly in a dry | \ r for the Ok Basi d the Ci f
tFyREOFLIS adZOK 4 GKS clean water for the Okanagan Basin and the City o

important to spend the effort, time and money to Kelowna.
LINPGSOG &adzOK | NBlFaszx a2
treatment of drinking water.

Wild Water isAlso Tap Water

Mission Creek isalso an important source of
Source: irrigation water for surrounding agricultural lands.
www.kelownacapnews.com/news/137199743.html The two major water licencéolders on Mission
Creek are the Black Mountain lIrrigation District
(BMID) and the Southeast Kelowna Irrigation District
(SEKID¥ The average annual demand from BMID
from 1991 to 2006 was 11,610 Mtand the average annual demand from SEKID between 188807
was 11,080 Mi¢total demand is 22,700 MLAnnual total water demand from Mission Creek has grown
at a rate of 0.65% in the last 29 ye&t#\bout 65% of the total consumption in 2004 was for agricultural
purposes with the remainder for domestic vesituse includingesidentialhousing commercial entities
and industrial lot$® Water withdrawals for agricultural purposes occur primarily between May and
September, with the peak occurring in Aug€fst.

58 Summit Environmental Consultants. 2010. Okanagan Water Supply and Demand Project: Phase 2 Summary Report. Okanagan
Basin Water Board. http://www.obwb.ca/wsd/about/projeceports

59 |bid.

60 Water Management Consultants. 201ission Creek Water Use Pl&eport prepared for the Mission Creek Watershed
Partnership.

61 |bid.

62 Agua Consulting, 1998005 Drought Management PlaReport to the Black Mountain Irrigation District

63 Water Management Consultants. 20Mission Creek Water Use Pld&eport prepard for the Mission Creek Watershed
Partnership.

64 Gaboury, Marc and Pat Slaney. 200ssion Creek Habitat Restoration FeasibilRgport submitted to Ministry of Water,
Land and Air Protection.
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The Value of Water Supplyvlethods

Mission Creek conbutesapproximately28% of the stream flow for the Okanagan Basin (i.e. Okanagan
Lake)® The Okanagan Basin Water Board reported that the average annual water use within the basin is
219,000 ML, of which 31% is for domestic water use (67,890Adkumimy that 28% of water use in the
Basin is supplied by Mission Creek, the total water supplied by the Grestkmated at 61.3 million cubic
metres (28% of 219,000 ML), and the total domestic water use supplied by thei€estiknated at 19

million cubiometres (28% of 67,890 ML). In order to value this water supply, we applied 50%caftéet

odzf 1| dzaSNXA 6 G§SNJ LINR OS ONPC16 thé éstimatedialieageofal watrt 2 ¢ y |
use (61.3 M ), and the domestic water supplied by MissiGreek to the Basin (19 M3’ Theentire
Mission Creek watershed contributes to this water supply value by capturing, releasing and transporting
this water.As a result it was necessaryatiribute the value of water supply to theatural cover area for

the entirewatershed (46,785 hectare®).The value of water supply from the Mission Creek watershed is
estimated to be between $7.6 millionand $24.5 milliolyear. This translates toa range of
$162.52/halyear (domestic water use) to $524/hal/year (totatar use). The portion of the Mission Creek
watershed within our study area has 1,423.5 hectares of natural ca@aengrised offorest, wetland,

river, grassland, herb and shrub covéie estimatedvalueof natural covefor the study areas $231,349

to $746,286 per yeansing the value per hectare for water supplied by the Mission Creek watershed

The Value of Watershed Filtration Servicédethods

Natural cover in watersheds including forest, grasslands and wetland contribute to water filtration
serviesthat influence the water quality of water flows in rivers and streaigimates of the value of
water filtration services provided by forests and wetlands were transfefrech a study on ecosystem
services provided by watersheds in the B.C. Lower Miait?® The study reliedon a USwide study of
municipalitieghat found the cost of treatment for surface drinking water supplies varies with thegrar
forest cover in the watershed source ar€alhis study concluded that there is a 20 pent increasen
water treatment costs for each 10 peent conversion of forest cover. In other words, where forest cover
is lower, water treatment costs are higher.

The results from the Lower Mainland study were used to assess the value of water filtration skyvices
forests and wetlands in owtudy area. The economic value of water filtration was based on avoided water
treatment costs due to the forest/wetland cover in the watershed. We were able to transfer this value
per hectaregiven thatthe percent forest/wetand cover wagound to besimilar to that of the Mission
Creek watershed.€. 74%).

65 Summit Environmental Consultants. 2010. Okanagan Watgslysapd Demand Project: Phase 2 Summary Report. Okanagan

Basin Water Board. http://www.obwb.ca/wsd/about/projeceports

66 City of Kelowna Water Rates. http://www.kelowna.ca/CM/page398.aspx

6750% of the bulk water user price was used for the cost of waipply, and 50% of this price was used to estimate the value

for water filtration in the following section.

68 Area includes forest cover, wetland cover, rangelands, and rivers.

692 Af a2y { ®WO HaAMAD bl GdzNF £ / | LIAfislrém Natyire. Pabific® ks FquidatiGnMhda I A y £ | y R
David Suzuki Foundation. Vancouver, B.C.

NYNY&GE /o3 DdA f A0l wd YR bAE2YZ Y® HAnT dThedEcoN®nic Behéfitsy 3 (K S
of Land ConservatioThe Trust foPublic Land. www.tpl.org
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The Lower Mainland study estimated that water treatment costs would increase Ipe26entif the
average forest and wetland cover declined by 10 per cent. Based alothestic water use within Metro
Vancouver, the total avoided value applied to the watershed forest and wetland cover was
$2,127.76/halyear (inflated to 2012%$). For the Mission Creek watershed, we adjusted the dollar value per
hectare according to the totainnual domestic water supply for the Basin (19 millioh see derivation
above), and used 5per centof the bulk water users price of $0.80/ft The adjusted value was a total
value of $1.5 million for thentire Mission Creek watershed, or $32.95/hafyeforest and wetland area)
based on the avoided cost of a @ér centincrease in the cost of watefhe adjusted value of $32.95 was
multiplied by the area of forest and wetland within the study area (i.e. 905 hectares combined) to arrive
at an estimateof the value of water supply and filtration

The Value of Water Supplgnd Filtration ServicesResult§2012%)
g - The annual value ofvater supplied by the Mission Creek watershed to the Okanagan Basin is
¢/ between $7.6 milliorand $24.5 million per year, 0$162.52/halyear (domestic water usapd
$524/halyear (total water use)Thesevalues applied to the natural cover within our study area
result intotal estimatedvalues 0f$231,34%nd$746,286 per year.

&. The waterfiltration services provided by thentire Mission Creek watershed were estimated a
v@g;_i! $1.5 million or $32.95/halyear (forest and wetland area). The total value forsthdy area is
$29,817 per year.

Forest Carbon

The Value of Forest Carbon: Background

Forest ecosystemare known tostore large amounts of carbarOver half of the global lardased carbon
(terrestrial organic soil and biomass carbon) is currently stored in forests. The carbon stored in standing
trees and in the soil surrounding them has a direct correlation with forest agauseaf their cumulative

years of growth’? Carbon sequestrationmneanwhile refers to the annualuptake of carbon by an
ecosystem after subtracting the carbon released to the atmosphere due to respiration, disturbance and
decomposition.

The Value of Fores€arbon:Methods

The estimated carbon stored by forests located within the study alisabased on three studies that
estimate forest carbon within the Montane Cordillera ecoregiofwhich includes the Mission Creek
watershed. The studiegprovide estimates 0260, 300, and 324 tonnes of carbon per hectafdorest.
The averagealue {.e. 295 tonnes of carbon per hectard forest)’® wasapplied to the forestegortion

7150% of the bulk water user price was used to estimated value because other 50% was used to estimate value of water supply.

City of Kelowna Water Rates. http://www.kelowna.ca/CM/page398.aspx

72 pregitzer, K.S., and EuskirchendE.SO Hnnno® a/ I Nb2y OeOfAy3a yR aG2Nr3IS Ay 62NI
| 3 SGtbksal Change Biolog$0:20522077.

73 Stinson et al. 2011. Canada's Managed Forest C Dynamics. Global Change Biology. VeR2442R2irz, and Apps 1999. A

70-Year Retrospective of Carbon Fluxes in the Canadian Forest &ectimgical Application®:526547; Shaw, C.H., J.S. Bhatti,

and K. Sabourin. 2005. An ecosystem carbon database for Canadian forests. Northern Forestry Centre Information Report NOR
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of the Mission Creektudyarea

The economic value of carbon can be estimaiaded on several differ¢ valuation methods Examples
include: the avoided costs of the predicted impacts of climate change (i.e. damages avoided due to
avoiding the release of carbon from a fores@placement cos and, employingthe market price of
carbonresulting from a carbotradingscheme In general, policy makers use an estimated social cost of
carbon (SCC) arshadow pricdor carbonthat reflectsavoided costs to assess the economic benefits of
climate change mitigatioff Avoided costs reflect thavoideddamages in terms of the predicted impacts

of climate change due to rising concentrationsatthospheic carbon dioxide if thestored carbon were

to be releasedCarbon prices thatesult from @p and trade prograsandcarbon taxesalso existin some
instances lhe value of acarbon tax is sedt the marginal cost representing the cost to abate one tonne of
CQe (carbon dioxide equivalentpwards achieving an emission reduction target.

An averagecarbonvalue wascalculated based on multiple sources of market and SCC estifioatése
purposesof this study The estimated carbon valy@flated to 202$) usedin this studyis $79.50per
tonne of carborbased on a combination of the following

(0]

The Alberta governme@a 9 YA &daAzy wSRdzOGA2Y wS3dzZA FdAz2ya F2NJ
of $15 per tonne of C£, which is equal to $55.05 per tonne of carbon (constant pfice).

The 2011 carbon tax ratef $25 per tonne of C£br $91.75 per tonne of carban British Columbid®

In the U.S., the federal government conducted a yleag interagency consultation to developSCC
estimateto be used in cosbenefit analyses of pential U.S. federal regulation$he SCC values used
by the US government ranged frod to $65 per ton of C@ (2007 U.S$), with a central value of
$21 per ton of CQe (2007 U.S$). This valuequaesto $75.78 per metric tonne of carbon (2012
Canadiar$).”

Environment Canadasesan SCC estimate of $25 per tonne o€@qual to $944 per tonne of
carbon in its Regulatory Impact Analysis Statement on theeWahle Fuels RegulationSensitivity
valuesranging from $10 to $100 per tonne of &Qequal to $36.70 to $367.00 per tonne of carbon
are used to establish the value

The average dollar value per tonne of carl§#n9.50/tonne of carboryvas applied to the average carbon
stored per hectare afmontane cordillerdorest(295 tC/hectare)to arrive ata dollar per hectare estimate

X-403. Canadian Forest Service, Northern Forestry Centre, Edmonton, AB

74 Price, Richard, Thornton, Simeon and Stephen Nelson. (December 2667ocial Cosf Carbon and the Shadow Priafe
Carbon: What they are, and how to use them in economic appriaighe UK Department for Environment, Food and Rural
Affairs (UK).

LLISOAFASR DFa 9YAGGSNRE wS3dzA FGA2y o60{D9w0XI dzyRSNJ ! f 6 SNII Qa 9
emissions intensity from facilities that engteater than 100,000 tames of C@e. Compliance make achieved through

emissions performance credits, generation or purchase of offsets or contribution to the Climate Change Technology Fund at a
price of $15 per tonne of carbon dioxide equivaldritp://environment.alberta.ca/02486.htmDther country programs in
comparison have higher prices: Finland at $89.39/t carbon (US dollars) and Sweden at $150/t carbon.

%,/ ® aAyAAaliNBKE T/ ICNY 2y Clis/kned. i ool i Eadtisb/tp/climate/A4.htm

771n the U.S., carbon and CO2e is reported per ton, rather than metric tonne. The value per ton of CO2e was converted to
dollars per metric tonne (1 ton = 0.907 metric tonne), then converted to Canadian dollars
(http://mww.bankofcanada.ca/rates/exchange/3earconverter/), then converted to Canadian dollars per tonne of carbon (1

tC = 3.67 tCO2), and then converted to 20a2#&lian dollars per tonne of carbon (using Bank of Canada online inflation
calculator).
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of $23,425. Given that the carbon is storet a fixed point in time, weonsidered the carbon value as a
carbonannuitysimilar to a carbon annuity account (CAA). A CAA is an account where the full carbon price
is made directly into an annuity account, and as long as the sink remains in placattiba provides an
annual earning/value from the annuity accoufifThe annuitycoefficientapplied to the full carbon value

was based on3% earningsover 50 yearsto estimate the annual value of the carbon storadelhe
resulting annual value is an estited $910.41ha/year. While the estimated carbon stored per hectare

of forest (295 tC/ha) is an average for the forest region, to be conserviitesealue per hectarewas
adjustedaccording to theforest age type provided in the land cover dakarest carbon values were
estimate at $227.60/halyear ($910.4%0.25) for pole/sapling forest cover $455.20/halyear
($910.4%0.5) for young forest coverand $10.4Yha/year ($910.4% 1.0)for mature forest cover

The annual carbon sequestratiestimatewasbased orananalysis from the Lower Mainland ecosystem
services stud{? which calculatedorest carbon sequestrationsing CITYgreen softwateThe analysis
found that the total tree canopy cover areaithin the lower Fraser Valley and Metro Vancouver
sequestersain annual average of 0.8 tonnes of carbon per hectlris valuevas transferredo the study
area and the average carbon value ($79\wa¥appliedto it to derive a total value for the studyrea.

The Value of Forest Carbon: Resy2912%)
> The forest carbon stored within the study area is estimaa¢$386,480 per year.
O
- The value of forest carbon sequestration 89 0per hectare per yearesulting in an estimated
<’ value of $50,306 peyear forcarbon sequestration.

Wetland Carbon

The Value of Wetland Carbon: Background

Wetlands store large amounts of carbon in their soils and pemevidencepeatlands occupy abotiree
perOSy i 2F (KS gstondbeRvOsn 165add\eF perr of ihedgibbal soil carbon po.

The Value of Wetland CarboiMethods

The carbon stored in wetland soils was transferred from a Lower Mainland 8ttidit determined
gSGEFYR OFNbB2y aG2N)}3S dzaAy 3 R (I#TReNROrariclcafdorR I Q& { ;

Bl gAYyItFYRE L® 6SROD® Hnnod® /I LIWGdz2NAYy3 /FNbB2y FyR /2YyaASNBAyY3
Path and Implementation of Carbon Seqédt G A 2y @¢ | YSNA OF Yy W2 dzNY | £1492 F | ANK Odzf { dzNJ f

79 Calculation: ($23,425*0.03887) 3% interest rate was used as this is the low end discount rate used by Environment Canada

for ecosystem related studies. 50 years was used as an averagardisate period.

802 Af a2y {O®WP HaAMAD bl GdzNFE /I LAGEIHE Ay . & ®Qa [26SN) al Ayfl yR
David Suzuki Foundation. Vancouver, B.C.

81 American Forests. CITYgreen software Ar8Gd&ttp://www.americanforests.org/productsandpubs/citygreen/

2, NARIKIFIYZ {®d5d SO It Hnncd a¢KSSWellahds¥op 36: 88916. y OS 2F b 2 NI
82 Af a2y {®WO wamnd bl GdzNF € /I LA G tm Natre. PabificPQks Fqudid@iénada | A y
David Suzuki Foundation. Vancouver, B.C.

84 Tarnocai, C., and B. Lacelle. 1996il Organic Carbon Database of Candgastern Cereal and Oilseed Research Centre,
Research Branch, Agriculture and Agpod Canada, Qitva, Canada.

Y
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data was extracted spatially from tigeoreferenced database by lambver type.The data suggests that
wetlands store between 169 and 642 tonnes of carbon per hectare in the Lower Mainland study area,
depending on the wetland type €. shallow water wetland, bog)he average carbon stored by wetlands

(i.e. 339.7 tonnes of carbon per hectgrevas transferredto the wetland areain the study area
(339.7tC/ha*62.2 ha)The annual value was calculated using the average carbon valu®.860HT (see

forest carbon sectiorior the derivation d this numbej, which was then annualized using an annuity
calculationat 3per centover 50 years (also see forest carbon section)

The Value of Wetland Carbon: Resu(012%)

g, The annual value ofacbon stored by wetlands estimated a$65,230for the study area
'/

GrasslandCarbon

The Value of Grassland Carbon: Background

Grassland ecosystem services are often overloodledpitetheir provision ofseveral vital services such
as climate regulatiomgenetic biodiversity, and soil conservatidarasslandstore far more carbon than
cultivated lands because they provide a complete vegetative cover and plants grow éor teegight
months of the year versushe typical three to five months faagricultural cropsn this regiorf® When
grasslands are ploughed oconverted to agricultural landsarbonis rapidly released to the atmosphere.
It has been determined thatven when grasslarsre restored carbon recovery is sloff.

The Value of Grasstal CarbonMethods

The carbon stored in grassland soils was estimatet? atonnes per hectare based on the results of a
Canadian grassland stufyThe carbon value was calculatetl $9,619/habased on the average carbon
valueof $79.50 (see forest carb@ection)and using the estimate of 121 tonnes per hectaFe estimate
an annual value for this stored carbon per hectare, a carbon anofi8% over 50 years was applidithe
result $373.84/hg wasapplied to the grassland/shrub/herb cover ar@g25 hestares)in the study area,
to arrive at arestimated annual value (425 ha*$373.84/ha)

The Value of Grassland Carbon: Res(#812%)

£ The annual value of the carbon stored by grassl&sttab/herb coveris estimated at $158,729
¥ within the study area

Bl X hd9dX YR tI NUzSt22 Whad bhdURENAOT SNDEADBHA Y] $2IDACE A A ¥
EcosystemsG.C. Daily (Ed.). Island Press. Washington, D.C.

86 jbid.

87 Smith, W.N., Desjardins, R.L.,and Gratt,BH n nm® G9adGA Yl GSR OKIy3aSa Ay az2ift OIFNbz2y

/ Iy I @dnatlian Journal of Soil Scierk&221227.
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Air Filtration

The Value of Air Filtration by Forests: Background

Trees play an essential role in the provision of good air quality on two fronts. First, they produce oxygen
for the airK dzY | bfemtfie. Secondtrees provide air filtration services by absorlgirair pollution into

their leaves. Studies show that trees can remove 8 to 12 grams of air pollutants per square metre of
canopy?®®

The Value of Air Filtration by Forestslethods

The value for air filtration services provided by the trees within the stréya was transferred from an
SO2aeaitsSYy aSNBAOSa addzRe d#whihNdiidd prSIyYgreeh Bdftwatbth @ Q& [ 2
assess the amount of air pollutants removed by the tree canopy dovtirat study area. CITYgreen

calculates the value of air cleansing by trees using average removal rates for carbon monoxide, nitrogen
dioxide, particulate matter and sulphur dioxide.€Tdinalysis found that trees in the study area remove

about 100 kilograms of pollutants per hectafide kilograms removed per hectare range from 6 kilograms

for carbon monoxide to 33 kilograms for ozofide transferred annual value of $620.80 per hectare of

forest was adjusted foage as followspole/sapling forest cover ($620.80*.25/halyear), yourayest
($620.80*0.5/halyear), and mature forest ($620*800/ha/year).

The Value of Air Filtration by Forests: Results (2012%)

£, The annual value @r filtration provided by the forestis estimatedat $263,538within the study
V) area

Flood Protection

The \alue of FloodProtection (Water Regulation)Background

Floods occur along streams and rivdrging peak water flows due to high rainfall and/or snowmelt as
well asthe characteristics of the stream or river through whighter moves Streamcharacteristics are
influenced byboth human (e.g. stream channelization due to diking) andironmental factors such as
terrain slope, vegetation type and cover, soil, and floodplain characteristics. Not all flogtutodd be
regarded adadas floods an provide for cleansing and regeneratiétor example,lbodingthat occurs

on floodplains provides increased fertility for agricultural soils.

Unfortunatelypeople, houses and business@® oftenlocated in historicalfloodplain ares. Hooding
cancauseextensivedamage. As a resujtresourcesare oftendeployed to eliminate or minimize the risk

8 Nowak, D.J., Wang, J.,andEndieny¢ ® HAanT® G9YPBANRBYYSYllt IyR 902y2YAO . SySTa
' ANJ F YR 2 I (i SiNJEvodemic Beingitd 6f Land/Conservafldwe Trust for Public Land. San Francisco, California.
http://www.tpl.org/tier2 rpl.cfm?folder id=175

89Wilson, S.J.201B.F G dzNJ € / FLIAGLEE Ay . @/ ®Qa [ 2 ¢ S Nladfit Rayks Foyhdation andd £ dzA y 3 (0 F
David Suzuki Foundation. Vancouver, B.C.

9% American Forests. CITY green software ArcG\v8xamericanforests.org/productsandpubs/citygreen/
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of flooding Managing for flood risk is typically done at the expense of nature and ecosystem sandces
can often be counterproductive

Natural capital sch as forests, rivers, lakes, wetlands and permeable soils provide natural flood protection
services for communitied-or exampleforests and wetlands collect and regulate water flow within
watersheds by storing and slowing the release of wated therely provide natural protection against
flooding and erosionPermeable soils allow surface wateritdiltrate through the soil horizongrather

than immediately runing-off aswith urban impermeable surfaces) and recharge groundwater resources.
Changes in seam flow due toa reduction in natural cover such &west coverand wetland cover can
resultin: lower water levels in dry seasariggher than normal water levels in wet seasonsloringstorm
event, greater amounts of sedimesaentering riversandincreased water temperature¥.

Sormwater runoff is a significant problerim urbanized areas, due to the sheer areaimpervious
surfaces(e.g. roofs,roads, sidewalksdriveways) Parkland reduces the stormwater runoff as well as
stormwater managementasts by capturing rainfall and slowing its runoff. Vegetation and pervious soil
cover in parks allow rainfall to infiltrate and recharge the groundwater, and pravgieface area that
intercepts and stores waterA study of Philadé LIK A I Q& ™ rk>sgstemfourd GhidiRhe bairkhlJ
reduced runoff by 496 million cubic feet, whiakas found to translate o $5.95 million in annual cost
savings ($1,421/halyeafy.

The Value oflood Protection (Vater Regulation: Methods

The economic value of flood proteati provided by forest cover in the study area was transferred from

Fy FaasSaavySyid 2F . & oQa [ 2 ¢ Swhickcalculgtdd thg'éRonGricyalve 4 G S Y
for stormwater runoff control as a replacement value provided by forest covEne atdy relied onthe

CITYGreen softwafé.This Gl$ased analysis tool measured the canopy cover insugly areaand

evaluated the stormwater management replacement agginga scenariavherethe current forest cove

was removed and converted urban landuse ® The change from forest cover to urban land sisgpically

involvesthe removal of a large proportion of the forest canopy and conversion of most pervious surfaces

to impervious surfaces$n the Lower Mainland primary study area (i.e. the lower pafrivatersheds)the

Nph2gt 1T S5OWPT 2 y3aAT WPI YR 9YRNBYEI ¢d HAanTd G9YDBANBYYSY(l f
AN FYR 2| (i S Egodemic Behaitd éf Land/Conservafidwe Trust for Public Land. San Francisco, California.
http://www.tpl.org/tier2 rpl.cfm?folder id=175

92Harnik, P., and Welle, B. 2008easuring the Economic Value of a City Park Systemter for City Park Excellence. The Trust

for Public Land. Washington,@

BWilson, S.J.2010.F G dzNF € / FLIAGEE Ay . @/ ®Qa [ 2 ¢ S Nladfit Rayks Foyhdation and £ dzA y 3 (0 F
David Suzuki Foundation. Vancouver, B.C.

94 American Forests. CITYgreen software Ar8Gd8ttp://www.americanforests.org/productsandpubs/citygreen/

95 CITYgreen estimates the stormwater runoff reduction capacity of trees within a study area, using curve numbers for urban

and suburban soils developed by the USDA Natural Resources ConseBatiice. The software employs methods

R20dzYSYiSR Ay ¢SOKYyAOrt wStSIasS ppY ! NbIlY -d@RNBE2 Ia FRWI { &I
flow of water over land within the study area boundary. For stormwater and water quality modélifygreen applies the-TR

55 model from the USDA Natural Resources Conservation Service (NRCS) andténmenlagdrologic impact analysis-TIHIA)

spreadsheet from the U.S. EPA and Purdue Unive@&ityYgreen assesses how land cover, soil type, slog@radpitation

affect stormwater runoff volume, time of runoff concentration, and runoff peak flows. It calculates the volume of runoff that

would need to be contained by stormwater retention basins if the vegetation were removed. Multiplying this vimjume

construction costs, estimates the dollars saved by tree canopy cover.
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forest cover provided @ estimated annual benefit worth $615.49 per hectare®® in terms of the
replacement cost of stormater management (replacement cost of $57/cubic mett€Yhis per hectare
flood protectionvaluewas transferredo the forest covefor the Mission Creektudy areg843 ha).

Wetlandsalsoprovide natural minreservoirs for the storage of water runoff. International studies have
reported on ranges of values for the ecosystem services provided by wetlands. For exammaty
analysis of 89 studies found the median value of flood control provided by wetlands to be $889.60
(US$464/halyear in 2000$ converted and inflated to 2GTN$).%8 A recent study by TEEB on water and
wetland values reported that the value of floodopection provided by wetlands ranges from $14/ha/year

to $9,369/hal/year (average of $4,691.50/ha/year)eTange is based gust fourestimates, and the wide
range is likely a result of the type of valuation and study area.

The Mission Creek streaoorridor and wetlands provide flood control because of their ability to collect
and transport water through the watershebh this study weransferred the median value from the meta
analysis ($889.60/ha/year) to the area of wetlands (62.2 ha) and streaima(94

The Value oflood Protection \(Vater Regulation: Resultg2012%)
Q.;— The value of water regulation services provided by focesess in the studyareais $518,652er
v year. The estimated value of the flood protection provided by wetlands and the strearnare
additional$138,793 per year

Waste Treatment

The Value of Waste Treatmetty Wetlands Background

Wetlands absorb nutrients such as nitrogen and phosphonas tun off farmlands due to the use of
fertilizers and manure, and from livestock. The amount of nutrients that a wetland can absorb varies
depending on the type, size, plants and sdiiimates range from 80 to 770 kilograms per hectare per
year for plosphorus removal, and 350 to 32,000 kilograms per hectare per year for nitrogen rethoval.

The Value of Waste Treatmefity Wetlands Methods

The costs of removing nitrogen and phosphorus by waste treatment plants have been estimated to range
from $357to $9.98per kilogram of nitrogen and $266to $71.87 per kilogram of phosphorus based on
water treatment costs in Metro Vancouvenflated to 2013).1%°These replacement costs can be used as

a proxy for the value of waste treatment services provided by wetlands in the study area. Using the low
end values foboth the removal of nitrogen and phosphorus and the amount of nitrogen and phosphorus
removed bywetlands the value of waste treatment by wetlandgas estimated The annual value for

9% Forest cover provided additional stormwater storage/management of 59.4 million cubic metres.

97 Based on construction cost of $57 per cubic metre of stormwater volume (averageauostfS. municipalities) annualized

over 20 years at 6% interest by CityGreen software.

9 Schuyt, K. and Brander, L. 2004k S 902y 2 YA O + I f dzS a SvsE AgéricySor the2ENdirdh@ent, Porddist 1 vy R &
and Landscape and WWifternational. Amsterdan, The Netherlands.

99 Olewiler, N. 2004The Value of Natural Capital in Settled Areas of Caradeks Unlimited Canada and the Nature

Conservancy of Canada.

100 | bid.
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nitrogen removal is estimated at $1,249.50 per hectare (350 kg/ha/year multiplied by $3.57; 2012$), and
the annual value for phosphorus removal is estimated at $2,068e5Mectare (80 kg/ha/year multiplied

by $25.66; 20123$)lhe combined total value per hectare is $3,310/ha/ye#nis annual valugvas applied

to the total wetland area in the study area (62.2 ha).

The Value of Waste Treatmefity Wetlands Resultg20129
s The waste treatment services provided by wetlands in the study area are valued at $205,740.

Value of Ecosystem Servic&simmary

Table 7 summarizes theestimatedvalue of ecosystem services associated with the study ardts
present state The total valueof $18,831,009 does notinclude the value of gross farm receipts for the
agricultural land located within the study area, which areuedl at an additional $4,841,80@ee the
Value of Farmland: Results)

Table 7¢ Summary othe Value ofEcosystem Services ithe Study Area

Ecosystem Service Total Annual Value (2012%)
Farmland (WTBnly) 4,220,353
Habitat 369,073
Outdoor ecreation 12,192,768
Water supply (low estimate) 231,349
Water filtration 29,817
Climate regulation (storage) 610,439
Climate regulation (sequestration) 50,306
Air quality 263,538
Flood protectionforests) 518,652
Floodprotection (wetlandsand stream} 138,973
Waste treatment(wetlands) 205,740
TOTAL 18,831,009
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The Value of Restoring Mission Creek

The purpose of this sectiasf the reportis to presentestimates of the value of select ecosystem services
for the Mission Creelstudy areaunder arestorationscenario The need for restoratioron Mission Creek
is first establishedand a descrption of a number of key benefits associated with priority restoration
activitiesfollows.

Mission Creek Today

Based on theéype and degre®f alterationthat has taken place over time to Mission Creek as weahas
effects of these alterationsn the ecosystenand the valueof the creeklto residents and visitorgortions

of Mission Creekvithin the City of Kelownaave been identified as high priority f@atreamrestoration
activities. WhileMission Creekvas historically a very important spawning stream for @leanagan Lake
fishery, degraded habitat conditioras a result of human alterations to the stredrave severely limited

the habitat potential. Research on the suitability of fish habis@lmon habitat in particulgrhas
demonstrated thatsimplified, unibrm channels, resulting from losses of large woody debris (LWD) and
particularly log jams, and/or channelization impair the capacity and viability of salmonid habitats.

Most portions of lower Mission Creek were diked for flood control in the 1980®oday, the majority of

lower Mission @eek is straight, diked or riprapped to protect private property from flooding and prevent
the lateral movement or shifting of the chann@.Of the 12 kilometres dflission Creekipstream from

the mouth, eightkilometresor approximately67% has been diked, channelized or confifédhe diking

has impaired natural stream processes and negatively impacted spawning, rearing and overwintering
habitat fortwo fish species rainbow trout and kokaneeespecially*®® Figuresl and 2below depictthe

lower portion of Mission Creek before and after diking.

101 Gaboury, Marc and Pat Slaney. 200ssion Creek Habitat Restoration FeasibilRgport submitted to Ministry of Water,
Land and Air Protection.

102 | pid.

103 Ministry of Environment, Lands and Parks. 138tus report on Mission Creek and Upper Mission Creek Watershed.
104 Gaboury, Marc and Pat Slaney. 20Bssion Creek Habitat Restdicn Feasibility Report submitted to Ministry of Water,
Land and Air Protection.

105 | pid.
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Channelized rivers are characterized by higher flow velocities, vegetation remandlincreased
sediment erosion and depdiin processes? The tributary floodplains inMission Creek have been
largelycleared to the streamside to increase land area for agriculture andfmndevelopment Further,
large woody debrithat previously slowed flow velocities and played an important role in fish habitat has
beenlargelyremowved from thestream An instream survey of the 12 kilometres upstream of the mouth

106 Gaboury, Marc and Pat Slaney. 20Bssion Creek Habitat Restoration FeasibilRgport submitted to Ministry of Water,
Land and Air Protection.
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of the creek revealed that only a few residual pieces of functional weathin'®’ At the same time
sediment produced by the erosion of banks and from upstream sedimentesthiat would naturally be
stored in the floodplain or creek channslinstead carried downstream to lower gradient reaches of the
creek where they accumulafé® The result is to reduce instream capacity in these sections. From a
fisheries perspective,jlsand sand in what would otherwise be spawning gravelihasased resulting

in a loss of spawning habitat througlt much of the study are&’®

Thecumulativeimpact isa significant decline in suitable fish habitatMission CreekResearch points to

two significant factors affecting production from Mission Creek spawning areas: minimum water flows
and spawning gravel qualityery low spawning and incubation flows are known to have a negative impact
on kokanee production and excessive amounts of daane been identified in Mission Creek spawning
area substratesThe increase inand particlesmeanwhileis known to significantly reduce salmonid egg

to fry survivaf'°

Restoration Benefits

A number of studies have investigated the potential benefits of restoring Mission Creek, especially the
lower portion of the stream that has been heavily diked and channelized, to a condition more
representativeof its historicalstate. Prior to dikingalarge proportion of the flow was not confined to the
meandering channein high flow yearsand the stream was able to flood out of its channBenefits
associated with the overbank floaf Mission Ceekinclude:'**

0 Reducing the erosive forces to which theeam banksare subjected.

o Deposition of many of the finer silt and sand sediments on the flood plain, fertilizing the flood plain,
and reducing the amount of sand/silt size sediments left in the channel grimlilelsing flooding.

o Connecting, for varyingeriods of time, the wetlands of the floodplain with Mission Creek, providing
rearing areas and nutrition input for fish.

The restoration of Mission Creek is expectedéasult insignificant habitaimprovementsfor the Mission
Creek fishery. As discussedrlier, the dramatic decline in the fishery ifargely attributed tochannel
modifications and loss of critical-Biream spawning habitat. A primary gaarestoring Mission Creek is
to replacein-stream habitat and improve aquatic habitat in suppdirkokanee salmon and rainbow trout
in particular Past research on habitat potential has estimated t&sion Creeks capable of supporting
3,700:6,000 fall rainbow parr and 186,021,000 kokanee spawnevgith discharges in the rangef
0.42-2.83 ni/s. This comprises Gier centof the total known rainbow rearing capability and overpsr
centof the kokanee spawning capacity in the Okanagan Lake tributdfidsappropriate flow rated!?
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it is estimated thathe capacity of Mission Creek is 308,000 spawning kokanee, and 5,500 fall rainbow
trout parr and 57,000 rainbow fri#*

Agricultural lands bordering Mission Creelay also benefit from restoratiorA high water table in much
of the agricultural land adjacenib Mission CreeKimits crop production and yield in these areas.
Restoration would result in a wider stream cregsction thatshould lower the water tablelt is hoped
that the loss of agricultural land due tike setbackgan essential element @éstoration) would be offset
by the lower water table and improved soil conditions in upland agricultural aféas.

The restoration of Mission Creekatsoexpected to reduce thannualrisk of floodingduring the spring
freshet The channelization of Missionrgek has resulted in a straightened, narrowed and diked
waterway. The justification for channelization was for better flgwdtection and increased agricultural

land useThe straight, narrow, shortened waterway hd®weverresulted in a greater floochreat given

the loss of the meandering pattern of the river, which would have slowed the water Tloswtrapezoidal
channel isalsosubjectto sedimentdepositionerodedfrom upstreamlocations Sediment deposition is
especially troublesome in the lowagradient stretches and is believed to have significantly reduced
channel capacity in some stretches in addition to increasing the water table and some flooding of
agricultural land.

Channelizatioras also resulted in a 75% loss in wetland/riparian atieaswould have provided spring
flood storage for the watershed and riveStream estoration would restore riparian habitat allowing for
natural wetlands to reestablish.ormwater capacitywill also be increasedith awider stream.

In addition to the lenefits described above, restoration is expected to result in improvements to habitat
for species (especially birds and amphibians) that rely onathe NJ tipati@réizone.The increased
meanderingis expected toincrease wildlife values through increases the density and species
composition of riparian vegetation, and increases in vegetated cB¢&estoration will allow important
riparian vegetation such as wild rose, dogwood, willow and cottonwoaa-establish

Mission Creek and its riparian zoneshr have the potential to host, numerous species at riskpecies
ofconcerndISOA Sa fAAGSR Fa ANIXNBé 2N aSyRIFIYyaSNBRE | daz.
[ S6AEaQ 222 RLISO| SoMbBand?GEasshiopped/SpafraniNdBk3ekis associated with this

area and habitat type include: Gopher snake, Racer, Western Rattlesnake, Painted Turtle, Great Basin
Spadefoot, Great Blue Heron, Lebided Curlew, and Spotted Bat.

Urban forests are known to enhance carlginrage Healthy and abodant urban and perurban forests

are even more important in B.C. where the rapid loss of carbon storage is occurring in coniferous forests
as mountain pine beetle and tussock moth continue to devastate Okanagan forests. Fglmevna has

set goals foreducing greenhouse gas emissidnat canbe partially met or at least enhanced by creating

114\Vild Stone Resources. 19%2kanagan Lake Tributaries Plan, Volume 1, Mission Creek Managemerg#iamission to the
Southern Interior Region Executive Committee.

115 Mission Creek Working Group. 20Tapital Funding Proposal for the Mission Creek Restoration Initiative
116 Gabouryet. Al. 2004 Mission Creek Habitat Restoration: Detailed Feasibility Stugegsort prepared for the Ministry of
Water, Land and Air Protection.
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greater carbon storeshrough the re-establishment of forests, tree cover, grasslands and wetlands.
Enhancing riparian habitat will enhance carbon sequestrat®ma aesult of increased vegetation along
the stream corridor.

Restoration Priorities

Whilethe complete removal othe dikes along Mission Creek may not be feasiblthe near term dike
setbackis expected taesult in significant habitat improvement®ne study shows thaven a 10 to 20
metre widening of the channel, to a width of 40 to 50 metres between dikes, can result in bar formation,
better pool and riffle definition, some substrate sorting to improve the quality and quantity of spawning
gravels,and the creation of a few small vegetated islaAtls These areall features characteristic of
Mission Creek prior to channelization.

Meanderingthe stream couldresult in numerous desirable habitat characteristics, including areas of
shallow riffles andleep pools, discrete micro and maenabitats where silt, sand, gravel, cobbles and
boulders have been sorted, increased instream cover, local velocity and depth diversity, and reduced in
stream sedimentation and embeddedne3ke need to replacéarge woaly debrisin meander pools to
facilitate the creation of deeper pools, cover, habitat diversity andchénnel connectivitywas also
identified as a priority!® Fgure 3 below depicts gpotential restoration result within Mission Creek
(between Cas@o Road Bridge and Gordon Drive Bridge) and demonstrates the hypothetical meandering
that could be restored to theteamin this location.

117 Gaboury, Marc and Pat Slaney. 20Bssion Creek Habitat Restoration FeasibilRgport submitted to Mirsitry of Water,
Land and Air Protection.
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Figure3: ConceptuaMeandering ina Segment of Mission CreeBetween Casorso Road and GordBrive

These habitat enhancements will maximize the benefits to all native fish species within Mission Creek,
with particular improvemento spawning and/or rearing habitats for kokanee and rainbow trd8The
Mission Creek Rehabilitation Feasibifftyidy summarizes the expected impacts of the priorityoesion
activities as follows:

In lower Mission Creek, the restoration of patfle sequences would provide hydraulic
gradients where spawning gravels would readily deposit, particularly wittohtail-outs.

These habitats would be highly utilized by kokanee spawners and provide holding areas
for adult fish. It would also restore rearing areas for rainbow juveniles in the lower river.
Such measures would restore much of the fish habitat in IMigsion Creek.

Restoration Results

The following section®f the report present values for select ecosystem serviessuming priority
restoration activities areundertaken The analysisfocuses onecosystem service®r which the most
significant changes are expectedhd include fishing, flood control and waste treatment andarbon

119 Gaboury etal. 2004.Mission Creek Habitat Restoration: Detailed Feasibility Studegsort prepared for the Ministry of
Water, Land and Air Protection.
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