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Key terms 

 “Adaptation” – The act of adjusting practices, processes, or structures of systems to 

projected or actual changes in climate.1  

"Climate shifts" – Long term changes in the average values of climate parameters, such 

as precipitation and temperature that occur as the global climate changes.  

“Crown” – The top of a tree, including its limbs, branches, leaves or needles, and 

reproductive parts. 

"Extreme events" – Weather-related events, such as drought and flooding, for which 

measurements differ significantly from the historical average value.  

 “Frost-free days” – The number of days that the minimum temperature will remain 

above 0°C.2 

 “Growing degree days (GDD)” – A variable that represents the amount of heat energy 

available for plant growth. It is used to determine the potential for growing crops in a 

given area, and is based on the assumption that an air temperature of 5°C is needed for 

plants to grow.3  

“Heating degree days” – A variable that represents changes in energy demand (e.g. to 

heat homes). It is calculated by multiplying the number of days that the average (mean) 

daily temperature is below 18°C by the number of degrees below that threshold.4 

“Impacts” – The consequences of climate shifts and extreme events for natural and 

man-made systems. 

 “Mitigation” – Efforts to lessen the effects of climate change by reducing the human-

caused activities that contribute to it. 

                                                                    

1 Cohen, S.J. and Waddell, M.W. (2009) Climate Change in the 21st Century. McGill-Queens 

University Press. 392 pp. 

2 PCIC (2010) Plan2Adapt. Retrieved on February 15, 2012, from the Plan2Adapt website: 

http://www.plan2adapt.ca/tools/planners?pr=3&ts=9&toy=16. 

3 PCIC (2010).  

4 PCIC (2010). 

http://www.plan2adapt.ca/tools/planners?pr=3&ts=9&toy=16


 

 “Resilience” – A measure of how readily a system, such as a watershed, can 

accommodate climate shifts or extreme events without experiencing significant 

changes.  

“Subsidiarity” – An organizing principle that suggests issues are best managed by the 

smallest or least-centralized formal authority.  

“Timber Harvesting Land Base” – that volume of Crown land where trees can reach 

merchantable size and are commercially harvested. 

“Timber Supply Area (TSA)” –  administrative districts for managing timber in the 

province of BC and the basis on which volume-based harvesting rights are assigned. 

“Timber Supply Review (TSR)” – The process by which the Chief Forester determines 

sustainable harvest levels for TSA’s and other cutting authorities, based on projected 

forest productivity, management objectives, and other considerations for a 

management area. 

“Tree density” – The number of trees per unit area (e.g. trees per hectare). 

 “Vulnerability” – The extent to which a system is susceptible to climate change.   

 “Watershed” – An area of land where all of the water within its boundaries drains into 

the same river, stream, or lake. 



List of acronyms  

ENSO – El Niño/Southern Oscillation 

GCM – Global Climate Model 

HCC – High Climate Change  

IDF – Interior Douglas-fir 

IPCC – Intergovernmental Panel on Climate Change 

IWM – Integrated Watershed Management 

NRCan – Natural Resources Canada 

PDO – Pacific Decadal Oscillation 

RAC – Regional Adaptation Collaborative 

SWE – Snow water equivalent  

TSA – Timber Supply Area 



Executive Summary 

One of the key issues facing local communities, 

decision-makers, resource managers and 

practitioners is how climate change will impact 

the landscapes in which they live. This project 

investigated potential impacts of climate change 

on forest resources and hydrology in the San 

Jose watershed, located in the Central Interior of 

British Columbia, through modeling and 

collaboration with local stakeholders and 

researchers. The research team used a series of 

models to develop future scenarios and project 

impacts within a landscape that is already facing 

stresses related to water availability and forest 

disturbance. This information will help answer 

questions posed by local stakeholders about future 

climate, forest and hydrological conditions within the watershed.   

Under a high climate change scenario, we found that timber harvest volumes and 

annual growth rates for most forest species and stands will be lower, with escalating 

impacts over the next 100 years as some forest stands show signs of mortality and 

many new stands have difficulty becoming established. 

With respect to water, the models showed that annual yields are likely to decrease and 

that the timing of flows will also shift, with less water available in the San Jose River 

during the Spring and Summer months. This will alter when and where water is 

available for municipal, agricultural, industrial and recreational users in the watershed.  

Beyond identifying potential impacts, the research also provides a basis for 

stakeholders to move forward on adaptation by creating a shared understanding of 

how the watershed functions. The information generated during this study can be used 

by water users, planners, engineers and decision-makers to integrate climate change 

into regional and municipal planning and development. Perhaps most importantly, this 

study has helped stakeholders to establish a common interest in managing the 

landscape. We demonstrate some of the opportunities for using the information to help 

catalyze a broader watershed management plan that takes climate change into 

account, while building on some ongoing processes and actions to improve the 

adaptive capacity of the system. 

Photo courtesy of Phil Grace. 
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Introduction 

Climate change will alter the many aspects of the natural environment as we know 

them. Changes in air temperature, rain and snow fall, and wind patterns will lead to 

subsequent effects on rivers, lakes, forests, and fields. All of these changes will have 

consequences, some positive and some negative, for the places and ways that we work, 

live, and play. Predicting these changes can be challenging, but with the help of 

research and modeling, we can piece together a sketch of future climate, potential 

impacts, and challenges for adaptation.  

 

This report highlights how academic research was used to answer climate-related 

questions for government representatives, non-government organizations, and other 

community members in the San Jose Watershed.  

 

The San Jose Watershed Regional Adaptation Collaborative (RAC) Project was carried 

out as one of 21 projects across the province, funded through the British Columbia RAC 

(BC RAC) Program, Preparing for Climate Change: Securing B.C.’s Water Future. 

 

The study focused on how climate will affect two interacting aspects of the 

environment: forests and water.  

Changes in temperature, snowfall, and rainfall will influence the amount of water 

available in rivers and creeks in the San Jose Watershed, with subsequent effects on 

forest species composition and distribution, timber volume, timber value, forest fire 

frequency, and area burned.  

These shifts in the forest will cause changes in peak river flows, river flow volumes, and 

seasonal availability of water. 

Through conversations with representatives from municipal, regional, provincial, and 

federal governments and First Nations within the San Jose Watershed, combined with 

scientific research and modeling, the University of British Columbia project team was 

able to answer three key questions:  

 What do people in the watershed want to know about the effects of climate 

change? 

 How can our research help to answer these questions? 

 How can this information be used to plan for climate change? 
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This report is intended to provide some 

insights into how climate change will 

affect the rivers and forests in the San 

Jose Watershed over the next 100 

years, and how communities in the 

Watershed can use this information to 

plan for the future.  

Background 

Regional climate is defined by an 

average set of climatic conditions, 

measured by parameters such as temperature, precipitation, and wind. 

The term “climate change” describes any significant change in the parameters that 

make up the climate that occurs over an extended period of time. Climate change will 

cause both changes in the average temperature 

and precipitation in a region over time (climate 

shifts), as well as increased variation around 

average values of climate parameters (extreme 

events). (See Box 1.) 

 

Water resources and hydrology are linked 

directly to the climate. Hydrology describes the 

flow of rivers, streams, and other water bodies 

within watersheds. The movement of water 

alters the geomorphology, or physical 

characteristics, of water bodies over time, and 

changes the amount and location of sediment 

deposits through erosion and sedimentation.  

 

Changes in water resources, including timing of 

spring snowmelt, runoff and peak flows, will 

have subsequent effects on regional 

communities, forests, agriculture, recreation, 

and the environment. And while specific changes in the climate are difficult to predict, 

climate and hydrology can be modeled using computer programs to predict the most 

probable future conditions.  

 

 

Box 1. Climate shifts vs. 
extreme events 

Climate shifts are gradual 
changes in the average values of 
climate variables, such as 
precipitation and temperature.  

Extreme events are natural 
occurrences that fall outside the 
expected range of conditions, 
such as severe drought and 
flooding. The word "extreme" is 
typically defined locally based on 
the frequency with which an 
event is expected to occur. 
Example: a rainfall event may be 
considered extreme if it is 
predicted to occur, on average, 
once every 200 years. 

 

Photo courtesy of Phil Grace. 
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The climate influences everything around us. 

Understanding how the climate will change, 

and what effect these changes will have on 

other aspects of our environment is important 

when we think about the future. Essential 

community infrastructure for drinking water 

and wastewater treatment, stormwater 

management, transportation, energy, and 

irrigation, are just a few of the services that 

require climate-related forecasting to meet 

regional demand.  

 

When it comes to combating climate change, 

communities have two options: mitigation and 

adaptation. (See Box 2.) 

 

 Mitigation and adaptation may seem like two 

very different approaches to dealing with 

climate change; however, are some actions can 

accomplish both goals simultaneously. For 

example, planting more trees can absorb 

greenhouse gases to reduce our contribution to 

climate change (mitigation) while offering 

cooling during warmer summer months 

(adaptation).  

 

Climate change mitigation is a global challenge, because greenhouse gases released 

anywhere in the world can contribute to climate change. Communities, provinces, 

states, countries, and international organizations all have a role to play in reducing the 

global effects of climate change.  

 

Adaptation is a more local issue, because the specific impacts of climate change will be 

different for every community. The average global temperature at the Earth’s surface is 

expected to increase over the coming decades, but not all regions will experience this 

trend. Patterns of rainfall and snowfall are expected to change, causing some regions 

around the world to be wetter, and some drier. These changes could lead to impacts, 

the significance of which would depend on the vulnerability of a system or place to such 

changes, and subsequently, any new risks that might emerge (Box 3).  

 

Box 2. Mitigation vs. adaptation 

Mitigation refers to efforts to 

prevent climate change by 

reducing the human-caused 

activities that contribute to 

climate change. This includes 

actions like reducing greenhouse 

gas emissions by driving less, 

turning down the thermostat in 

your home, and lowering the 

temperature on your water 

heater at home. 

 

Adaptation is based on 

understanding that the climate 

will be different in the future and 

taking steps to reduce the 

negative effects on communities 

by preparing for changes in 

advance. This includes actions 

like planting more trees in 

residential areas to provide shade 

and cooling in the summer and 

installing water-saving 

technological to reducing water 

use during summer months.  
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What this means is that adaptation will look 

very different between communities. For 

example, an ocean-side community like 

Vancouver, British Columbia, will need to 

manage rising sea levels, while a community 

like Kamloops, only 350 kilometers to the 

east, will need to learn how to cope with drier, 

hotter summers.  

 

There is evidence that climate change is 

already affecting British Columbians, and the 

way we live. Lakes are free of ice earlier in the 

year, glaciers have already retreated, and 

major rivers like the Fraser discharge their 

spring flows earlier in the spring.i  In order to 

understand how to adapt, we need to know 

what the climate has been in the past, how it 

will change, and how that will impact the way 

we live. 

 

It is important to be aware that there are 

some aspects of climate change that we can 

predict and adapt to, and some that we 

cannot. Using climate modeling tools, 

scientists can predict the most likely future 

climate trends, including climate shifts. These 

climate trends can be used for planning at the 

regional level. Extreme events, however, are 

more difficult to predict. While climate modelers have predicted that extreme events 

will be more frequent and more severe under climate change, they cannot determine 

when those events will occur or how serious the consequences will be.  

 

This establishes a limit on how much planning communities can reasonably perform 

with respect to climate change. While planning for changing climatic conditions is 

important, there will continue to be extreme events, such as drought or rainfall, that 

occur unexpectedly and present serious challenges. Fortunately, planning ahead can 

reduce the effect of these types of events on our communities.   
 

  

Box 3. Impacts, vulnerability, risk 

Impacts are the measurable effects 

of climate change on people and 

the environment. They include 

things like increased peak river 

flows and increased risk of forest 

fires.  

 

Vulnerability describes how 

susceptible a system is to the 

impacts of climate change. 

Example: if storm is predicted to 

bring heavy rainfall and a 

community’s stormwater 

management system is not 

designed to accommodate the 

volume of water, that stormwater 

management system is vulnerable 

to the impact of storms. 

Risk refers to both the likelihood 

that a particular system will 

experience an impact of climate 

change, and how serious the 

outcome will be. It encompasses 

both the probability of an impact 

and the likelihood of an occurrence 

to evaluate potential 

consequences. 
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i 

Regional history 

The San Jose Watershed occupies 

1,067 square kilometers of central 

British Columbia’s Cariboo Regional 

District. (See: Figure 1 and Figure 

2.) It extends from 100-Mile 

House in the south, along the San 

Jose River, to the City of Williams 

Lake in the north, and includes 

the communities of 108-Mile 

House, Lac La Hache and 150-

Mile House as well as the Williams 

Lake Indian Band.  

 

The climate is influenced by a 

phenomenon  called the Pacific 

Decadal Oscillation (PDO) and by 

the El Niño/Southern Oscillation 

(ENSO) which give BC an already 

highly variable climate (see Box 

4). These two climatic processes 

further complicate the already unpredictable and uncertain future effects of climate 

change in BC. Taking this variation into account, existing data shows that the climate in 

BC has warmed significantly since the 1950s. 

  

Figure 1: Regional districts of British 
Columbia. (Courtesy: BC Ministry of Forests, 
Lands and Natural Resource Operations) 

Figure 2: Map of the San Jose watershed. 
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The San Jose River flows northward from Lac 

La Hache into Williams Lake, where it drains 

into the Williams Lake River Basin. The river 

itself is only 52 kilometers long, but the 

watershed is drained by a much larger area. 

Borland Creek, Jones Creek, and Knife Creek 

all empty into the San Jose River, with flows 

controlled upstream by dams. The San Jose 

River is also a tributary of the Fraser River, 

making the San Jose Watershed one of 

thirteen watersheds that comprise the Fraser 

Basin. 

 

Flow rates and volumes in the San Jose River 

vary widely throughout the year and with the 

amount of snowfall and rainfall in the area. 

Peak flows are affected by snow melt and 

runoff, the effect of which is moderated by 

Lac la Hache. In dry years, low outflows from 

the Lac la Hache results in low water levels in 

the river.ii  

 

The San Jose Watershed is home to more 

than 13,000 people, with major population 

centres in Williams Lake (approx. 11,133 

residents) and 100-Mile House (approx. 1,933 

residents).iii The Williams Lake Band, 

members of the T’exelcemc (Shuswap) 

people, has been stewards of the land and 

water in the region for 4,000 years.   

 

  

 “We are on this planet as stewards of the natural resources, therefore, we 

should protect and enhance.” 

- T’exelcemc vision statement 

Box 4. PDO vs. ENSO 

The PDO is a pattern of climate 

variability centered over the Pacific 

Ocean and North America. It is not 

very well understood, but is thought 

to have a cycle of warmer and cooler 

periods over a period of 50 to 60 

years, each lasting between 20 to 30 

years.  

The ENSO represents the 

combination of El Nino, a warm-

water current that periodically flows 

along the Pacific coast of Peru and 

Ecuador, and Southern Oscillation, 

which is a fluctuation of atmospheric 

patterns in the Indian and Pacific 

Oceans.  The opposite of El Nino is La 

Nina, when this ocean current is 

cooler than average.  During an ENSO 

event, climatic patterns throughout 

the Pacific are affected.  In British 

Columbia, during a La Nina, winters 

are cooler than usual with above 

average precipitation.  An El Nino 

would bring warmer winters that are 

warmer than usual, with lower 

precipitation. These cycles alternate 

every few years.  
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The San Jose watershed provides habitat to a variety of aquatic and terrestrial species 

in local grasslands, wetlands, forests and waterways. Each year, approximately 31,000 

breeding waterfowl use the local lakes and wetlandsiv  along with a variety of 16 fish 

species that supports local sport fishing.v The formerly abundant fish populations have 

declined in recent years due to low summer and winter flows, land degradation along 

river banks, and urbanization of the area.vi Since 2004, Ducks Unlimited Canada (DUC) 

and the Cariboo Cattlemen’s Association (CCA) have worked together to support local 

ranchers with efforts to preserve and enhance the quality of wetlands and shorelines in 

the San Jose Watershed, thereby increasing the availability of wildlife habitat and 

improving water quality in the river. 

 

Agriculture and forestry contribute significantly to the local economy. Ranches along 

the San Jose River produce forage and raise cattle, and the region falls within both the 

proposed Williams Lake Community Forest and the 100 Mile House Timber Supply Area 

(TSA). Within these two areas, there is also partial cutting in areas designated as 

Interior Douglas-fir (IDF) forests, as well as Ungulate Winter Range (UWR). Combined, 

IDF and UWR areas occupy 47% of the San Jose watershed.  

 

Williams Lake also boasts the largest wood biomass power plant in North America, 

owned by Epcor Utilities Inc. The plant generates electricity using wood waste from 

local saw mills. The City of Williams Lake provides groundwater to the plant, which 

consumes approximately 25% of the water supplied by the City’s wells. 

 

The City of Williams Lake draws its water 

from a deep groundwater aquifer fed 

primarily by the San Jose River, and water 

supply in the watershed is already heavily 

allocated. Much of the waterfront property 

along the shores of Williams Lake is 

privately owned, although the west side of 

the lake is a popular recreational area 

among residents. The rainbow trout, a 

popular recreational fishing species in 

Williams Lake, spawns upstream in the San 

Jose River. Coho and pink salmon, once 

common in the river, have declined in recent 

decades due to the combined effects of low 

river flows, habitat loss, urbanization, and 

declining water quality.  

 

Photo courtesy of Cathy Koot. 
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Indeed, water availability and water quality have presented serious issues in recent 

years. Both the community of 108 Mile House and the City of Williams Lake have 

undertaken studies to better understand the source of their water; however, a lack of 

scientific understanding regarding groundwater aquifers and local hydrogeology limits 

the ability of local governments to plan for water availability and use.vii The City of 

Williams Lake has successfully undertaken efforts to reduce residential water use 

through its Summer Smart Lawn Watering Campaign, which urging citizens to cut 

back on watering their lawns, but water levels in the river continue to fall and the City is 

concerned about the diminishing amount of water in the aquifer underground. The San 

Jose River has all but run dry during August over the past several years; precisely the 

time that ranchers, industry, and communities need water the most.  

 

The agricultural sector holds the majority of surface water licenses from the San Jose 

River, by volume. Of the 22 water licenses allocated by the Government of British 

Columbia along the San Jose River, the majority of water is allocated to irrigation. (See: 

Figure 3.) Because groundwater is not licensed in British Columbia, there are no 

estimates of groundwater use in the watershed. Groundwater recharge relies on 

seepage from the surface through the soil, and diminished flows in the San Jose River 

are certain to affect the aquifer. A hydrogeological study was initiated by the City of 

Williams Lake in 2010 to evaluate the extent and condition of the Williams Lake aquifer.  

 

 

 
Figure 3. Water allocations along the San Jose River, by volume. viii 

The watershed has undergone a series of drought events in recent years, with 

diminished summer flows-and in 2003, flows were so low that the river ran dry before it 

entered Williams Lake. Higher up in the watershed, water levels have been declining in 

a number of the lakes that feed into the headwaters of the San Jose. 
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The region has also been severely impacted by the Mountain Pine Beetle. At the time of 

the outbreak, the Williams Lake Timber Supply Area Damage was comprised of 54% 

lodgepole pine, offering an abundance of habitat for the beetle. Damage peaked in 

2006/2007 and has fallen steadily in recent years due to the lack of a host, but is not 

expected to reach its lowest point until 2017/2018. Tree mortality related to the 

Mountain Pine Beetle outbreak is expected to affect watershed hydrology and the 

extent to which it does so partly depends on climate. Affected pine stands are currently 

being salvaged and replanted, though planting with other commercially valuable 

species such as Douglas Fir and Spruce is only suitable in some areas. Consequently, 

there is a risk of re-infestation where pine stands are replanted.  

 

All of these aspects of the San Jose watershed, and many more, have the potential to 

be impacted by climate change – The question is, in what ways? 
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Project history  

In December 2007, Natural Resources Canada (NRCan) launched the Regional 

Adaptation Collaborative (RAC) Program through its Climate Change Impacts and 

Adaptation Division. The RAC Program was funded by a three-year, $30 million 

investment from NRCan, and focused on “coordinated and sustained adaptation 

planning”ix in six regions across Canada: British Columbia, the Prairies, Ontario, 

Quebec, and Atlantic Canada.  

 

The British Columbia RAC (BC RAC) Program is titled Preparing for Climate Change: 

Securing B.C.’s Water Future, and reflects the importance of water management to 

the future of the province. Each project administered under the BC RAC Program 

focuses on four planning and management priorities:5 

 

1. Water allocation and use, 

2. Forest and fisheries management, 

3. Flood protection, and  

4. Community adaptation.  

 

NRCan partnered with the B.C. Ministry of Environment and the Fraser Basin Council, 

as well as several local organizations across the province, to deliver the BC RAC 

Program. Partner organizations have matched NRCan’s contribution of $3.3 million to 

support 21 projects across the province.  

 

The RAC Program was designed to provide guidance on planning and management 

priorities while offering enough flexibility for regional decision-makers to tailor the 

projects to their own specific needs. Aside from establishing the need to include water, 

forest, fisheries, flood protection, and community adaptation, NRCan granted RAC 

project teams to decide what issues were most important to their communities and 

how to incorporate climate change adaptation into their planning processes.   

 

The San Jose Watershed RAC project, which began in spring 2010 and is scheduled for 

completion in spring 2012, builds on existing groundwork in the community. Climate 

change adaptation planning and regional development planning have already begun 

through active participation of community members and government representatives.  

                                                                    

5 More information on the BC RAC Program can be found by visiting the NRCan website: 

http://www.nrcan.gc.ca/earth-sciences/climate-change/community-adaptation/regional-

collaborative/636#forest 

http://www.nrcan.gc.ca/earth-sciences/climate-change/community-adaptation/regional-collaborative/636#water
http://www.nrcan.gc.ca/earth-sciences/climate-change/community-adaptation/regional-collaborative/636#forest
http://www.nrcan.gc.ca/earth-sciences/climate-change/community-adaptation/regional-collaborative/636#flood
http://www.nrcan.gc.ca/earth-sciences/climate-change/community-adaptation/regional-collaborative/636#comm
http://www.nrcan.gc.ca/earth-sciences/climate-change/community-adaptation/regional-collaborative/636#forest
http://www.nrcan.gc.ca/earth-sciences/climate-change/community-adaptation/regional-collaborative/636#forest
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The Cariboo-Chilcotin Climate Change Adaptation Strategy was developed through 

partnership between the Fraser Basin Council, the Cariboo Regional District, and 

NRCan. The Strategy outlines actions to be taken by the Cariboo Regional District in 

conjunction with the development of its Regional Development Strategy, also referred 

to as a Regional Growth Strategy. It offers an assessment of climate changes and 

regional impacts and examines actions that can be taken by communities within the 

Cariboo Regional District over the next 30-70 years to adapt to climate change.x  

 

The Cariboo Regional Development Strategy is currently being created by 

representatives of local and regional governments. The strategy will establish a 

collective vision and for the region that reflects common social, environmental, and 

economic objectives. The Province of British Columbia requires that all such strategies 

address housing, transportation, regional district services, parks and natural areas, and 

economic development; however, representatives have the option to expand the scope 

of the strategy to include aspects such as water, energy, and resource management.  

 

In addition, the provincial government has implemented Preparing for Climate 

Change: British Columbia’s Adaptation Strategy. This document offers a vision to 

prepare for the impacts of climate change by building knowledge and tools, integrating 

adaptation into government business, and addressing risks and implementing 

adaptation. The B.C. Ministry of Forests, Lands and Natural Resource Operations has 

translated this policy for implementation in the forestry sector with the Forest 

Stewardship Action Plan for Climate Change Adaptation 2012-2017.  

 

The San Jose Watershed RAC project can support these existing policies and initiatives 

by offering new information about the future climate and impacts on surface water 

resources and forests. While this information does not present a complete picture of 

the environmental changes that will occur over the next 100 years, it can help 

communities in the region to make more informed decision about their futures.  
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Project team   

 

The San Jose Watershed project team included professors, researchers, and 

professional staff from the University of British Columbia as well as private consultants. 

 

 Dr. Harry Nelson (Principal Investigator), Assistant Professor, Forest Resources 

Management, UBC 

 Dr. Stewart Cohen, Adjunct Professor, Forest Resources Management, UBC 

and Senior Researcher, Adaptation and Impacts Research Section, Environment 

Canada 

 Ken Day, Manager, Alex Fraser Research Forest, UBC 

 Dr. Dan Moore (Surface Hydrology), Professor, Geography and Forest Resource 

Management, UBC 

 Dr. Anne-Hélène Mathey, Research scientist, Forest Resources Management, 

UBC  

 Dr. Georg Jost (Surface Hydrology), Research Associate, Geography and Forest 

Resource Management, UBC 

 Dr. Craig Nitschke (Forest Stand Modeling), Research Fellow, Forest and 

Ecosystem Science, University of Melbourne 

 Michael Gerzon (Forest Landscape Modeling), Research scientist, Forest 

Resources Management, UBC 

 Cathy Koot, Research Coordinator, Alex Fraser Research Forest, UBC 

 Cam Brown (Forest Landscape Modeling), Forsite Consultants, Salmon Arm, BC 

 Reg Davis (Forest Landscape Modeling), Forsite Consultants, Cranbrook, BC 

 Phil Grace (Research Assistant), MSc Candidate, Forest Resources 

Management, UBC 

 Ngaio Hotte, Research Scientist, Forest Resources Management, UBC 

 

Angela Mawdsley, a graduate student with the University of Queensland, attended the 

workshops and gathered information regarding water governance and community 

values related to water in the San Jose Watershed for her graduate thesis. Her report 

formed the basis for the sections on the water governance framework and 

implementing change, and a copy of her report is available on request. 

 

The project team received tremendous support from representatives from 

representatives of government, industry, and other organizations as well as individuals 

from local communities. A list of these participants can be found in the 

Acknowledgements section of this report.   



 

13 Adapting to Climate Change in the San Jose Watershed 

Project goals and approach 

NRCan’s RAC projects were developed to support communities with their efforts to 

effectively prepare for the impacts of climate change.  

In order to prepare for climate change, communities need to know how it will affect 

them. The project team translated the goal of the RAC Program into action by 

identifying ways that their research could help to inform how climate change will affect 

communities in the San Jose Watershed. 

 

With these challenges in mind, the project team focused on answering three key 

questions: 

 

 What do people want to know about the effects of climate change and what 

values are important for this landscape? 

 How can modeling future scenarios help to answer these questions? 

 How can this information be used to plan for climate change? 

 

To answer these questions, the project team worked closely with representatives from 

municipal, regional, provincial, First Nations governments, and non-government 

organizations as well as interested members of the public throughout the project. 

Building these relationships was not only critical for success of the project, but also to 

develop capacity for ongoing efforts toward watershed planning after project 

completion.  

 

The following sections will focus on how these three questions were answered, and 
what was learned by both the project team and communities in the San Jose 
Watershed.    
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What do people want to know about the effects of climate change? 

To identify top-of-mind questions about climate change among individuals in the San 

Jose Watershed, the research team held four workshops with several government 

representatives, members of non-government organizations, and community 

members. Workshops were held in April 2010, June 2010, May 2011, and March 2012. 

respectively. The project team also participated in a workshop on water and watershed 

planning in the face of climate change, organized by the Fraser Basin Council, on 

October 24, 2011. 

 

Potential participants were identified based on their resource management 

responsibilities and referrals from other local practitioners. Invited participants included 

the following: 

 Agricultural sector (private rancher) 

 BC Timber Sales 

 Cariboo Regional District 

 Cariboo-Chilcotin Conservation Society 

 Celvis Consulting 

 City of Williams Lake  

 Ducks Unlimited 

 Fraser Basin Council 

 Ministry of Forests and Range 

 Ministry of Environment  

 Northern Shuswap Tribal Council 

 Tolko Industries 

 Williams Lake Indian Band 

Informal, unstructured discussions were also conducted with specific individuals from 

this group on May 4 and 5, 2011. Individuals were encouraged to provide their concerns 

regarding water quality and availability in the watershed and associated management 

challenges. Key concerns included challenges related to capacity and funding for water 

monitoring and evaluation; the importance of conserving riparian plants for wildlife, 

medicinal uses, and recreation; and the significance of water quality to maintaining 

healthy fish populations. Detailed information from individual discussions is available in 

the report prepared by Angela Mawdsley.  
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Workshop 1: April 27-28, 2010 

Workshop 1 was held on at the Pioneer Complex in Williams Lake. The first day of the 

session included a brief overview of the RAC program and provided general information 

about the projected effects of climate change in British Columbia.  

 

On the second day of Workshop 1, participants re-convened to sit down and discuss 

their concerns around watershed management and climate change. The project team 

presented information about climate change, the link between research and planning, 

available modeling tools, and their experiences with climate change adaptation in other 

regions of the province. Case studies reflected experiences from the Okanagan Basin 

and the Kamloops Future Forest Strategy.  

 

Through facilitated sessions, the group generated an extensive list of potential impacts, 

which the project team was able to group into the five priority areas outlined in  

Figure 4. 

 
Figure 4. Values identified during Workshop 1.xi 

Participants were then asked to pose questions, asking the project team exactly what 

they would like to know regarding each priority area. (See Appendix A: 50 and more 

questions to ask of a shared-use watershed). This list provided the modelers with a 

basic set of research priorities expressed by the community. The modelers took this 

information with them when they left Williams Lake, and worked to define scenarios 
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http://racwilliamslake.files.wordpress.com/2010/05/questions-around-key-values-in-the-san-jose-watershed.pdf
http://racwilliamslake.files.wordpress.com/2010/05/questions-around-key-values-in-the-san-jose-watershed.pdf
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and figure out which questions they would or would not be able to answer using their 

modeling software. The feedback from the workshop also helped the project team to 

understand what information would be most useful to local practitioners.  

Workshop 2: June 11, 2010 

After carefully looking at each question asked during Workshop 1, the project team 

asked the same group of practitioners to re-convene and at the Pioneer Complex in 

Williams Lake. The modelers presented a revised list of questions that their models 

were capable of answering, and asked participants to identify whether these questions 

appropriately captured the information they needed. (See Appendix B: Revised 

research questions.) In addition to clarifying their questions to the modelers, the 

practitioners asked the project team to provide more information about historical 

climate data and trends, to assess where significant changes are expected to occur.   

Based on the priorities identified during the two workshops, the project team focused 

their resources on determining on how climate change will impact three key aspects of 

the watershed: hydrology, forests, and landscapes.  

 

To maintain the momentum of the first two workshops, the project team continued to 

engage with local practitioners through one-on-one conversations. A project website 

was created to serve as a publicly-accessible repository for project information, 

including workshop presentations, workshop summaries, and project reports.  

 

Workshop 3: May 25-26, 2011 

To stimulate discussion about issues in the 

watershed among practitioners, a day-long tour 

of the watershed was organized for the first day 

of the workshop. The tour included visits to 

several sites to observe interactions between 

the project team, citizens, industry, and the San 

Jose River, and offered an opportunity to view 

the river from a new perspective and discover 

common goals around watershed 

management. Participants discussed the 

history of the river, current water-related 

challenges, and the future of the river under 

climate change.  

 

The tour began at the headwaters of the San Jose River, in Lac la Hache, with historical 

accounts of water levels in lakes and streams and groundwater resources, presented by 

long-time residents. Participants discussed challenges to water management 

Photo courtesy of Phil Grace. 
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presented by the existing water allocation and licensing system, which puts water users 

at risk of losing their water licenses if they reduce their water consumption.xii  

 

A visit to a local ranch sparked discussion around traditional attitudes toward water 

resources in the agricultural sector, resulting in the continued use of less efficient 

technologies and practices such as spray irrigation, hay feeding, open irrigation ditches, 

and open stock water storage.xiii Several participants raised concerns about the cattle 

access to riparian areas along rivers and the resulting impacts on water and habitat 

quality. The challenges of shifting entrenched attitudes and practices were noted.  

When the tour moved to a local forestry study plot, the conversation turned to the 

effects of forestry activities on hydrology and runoff from melting snow. Due to 

impacts from the Mountain Pine Beetle, residents expressed concern about how forest 

management and rehabilitation can mitigate impacts from timber salvage operations. 

Participants wondered how forest management will affect the availability of habitat 

and migration areas for local wildlife, in particular the mule deer (Odocoileus hemionus).  

 

On the second day of the workshop, participants were given the opportunity to provide 

additional feedback on the proposed methodology to be used by the project team for 

hydrological and forest modeling. 

 

Workshop 4: March 23, 2012 

The fourth workshop offered participants a 

summary of results from the climate, 

forest, and hydrological modeling 

conducted by the research team, followed 

by a facilitated group discussion to 

determine how this information could be 

used for planning in the future, and what 

additional research is needed. Participants 

focused on two priority areas: watershed 

management and forests.  

(See Appendix C.) 

  

Ken Day presents the forest modeling results to 
workshop participants (Workshop 4). (Photo 
courtesy of Ngaio Hotte.) 
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How can modeling future scenarios help to answer these questions? 

By identifying how climate parameters such as temperature, rainfall, and snowfall, will 

look in the future and comparing this to how they have appeared in the past, it is 

possible to trace their impacts through various social, environmental, and economic 

aspects of the San Jose Watershed.  

 

The quality and quantity of water in lakes, 

rivers, and streams is closely linked to forests 

(see Box 5). The “tree density” (i.e. number of 

trees in an area), the size of those trees, and 

the rate at which they grow influence how 

much moisture enters the soil and how rapidly 

it is removed. Trees intercept snow and rain 

when it falls on their crowns and then 

evaporates back into the atmosphere, take in 

water from the soil, and reduce evaporation 

from the ground.xiv,xv Harvesting timber 

typically increases the amount of water that 

reaches streams and rivers by reducing these 

barriers to surface runoff and clogging pores in 

the soil that allow water to percolate into 

groundwater, leading to an increase in peak 

river flows.xvi,xvii,xviii,xix  

 

But forests do not act alone in their influence 

on hydrology. Forests affected by Mountain 

Pine Beetle influence hydrology differently than unaffected trees, as do very dense 

forests. Restoration and reforestation efforts can compound these effects, as heavy 

equipment may compact the soil, reducing the amount of water that can percolate 

through.  

 

The San Jose watershed also encompasses many wetlands, swamps, and small lakes, as 

well as Lac la Hache. These bodies of water store surface runoff throughout the year, 

causing considerable variation in stream and river flows both within and between years. 

Lac la Hache exerts a particularly strong moderating force on water flow in the San Jose 

River by acting as a large storage reservoir, resulting in low flows during dry years.  Add 

to this the effects of climate change, and the complexity of these interacting effects 

makes it difficult to predict how much water will flow through the San Jose River in 

future years, and when those flows will occur.  

Box 5. How forestry can influence 
water 

Forests accumulate less snow during 

winter months than harvested areas, 

resulting in lower spring runoff flows. 

Spring snowmelt occurs more rapidly 

in harvested areas, where sunlight is 

able to warm the ground. 

Harvesting forested areas can 

increase peak river flows 

downstream, and cause more 

frequent peak flows. 

In general, harvesting increases the 

amount of rain and snow that runs off 

into water bodies and can release 

sediment which can affect water 

quality and river and stream channels 

and change their morphology. 
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Forest and resource managers in the San 

Jose Watershed have expressed concerns 

about these three key influences on 

forests and hydrology: Mountain Pine 

Beetle, fire suppression, and climate 

change.  

 

Mountain Pine Beetle has killed a large 

proportion and area of forest in the 

northern areas of the watershed over the 

past decade.  By reducing the number of 

live trees, the beetle has reduced the area of the ground that is sheltered by crowns, 

resulting in a larger volume of precipitation simply falling to the ground and running off 

into lakes, streams, and rivers. Dead trees also take up less water from the soil. Timber 

salvage operations, carried out to remove dead trees from the forest while they still 

have commercial value, can also affect the ability of the soil to retain water, thereby 

increasing surface run-off and reducing the amount of water the percolates through the 

soil and into the groundwater aquifer below. 

 

Preventing forest fires, an action known as “fire suppression”, may seem beneficial to 

the forest, but also has consequences for the movement of water. Fire suppression has 

been practiced in the San Jose Watershed since Europeans and Americans first settled 

the region. Previously, low-intensity fires burned areas of the forest on average every 

four to 50 years.xx Where fires occurred, openings were created in the forest “canopy”, 

the sheltered layer created by the mosaic of tree crowns. These fires would also dispose 

of lower branches and fallen forest debris, allow young trees to grow, and help to open 

the cones of fire-dependant tree species to release the seeds inside.  

 

Over the past forty years, intense fire suppression has caused the forest and its canopy 

to become dense, increasing the amount of water that is intercepted by crowns and 

reducing the amount the reaches the soil. It has also degraded the health of the forest, 

particularly in Dry Douglas-fir forest stands. Less precipitation falling on the soil may be 

causing decreased infiltration into the groundwater. Without disturbance, these 

canopies will continue to close, increasing the proportion of precipitation lost to 

interception and potentially affecting habitat for Mule Deer and other wildlife. These 

changes affect the rate and timing of surface runoff, potentially affecting water quality 

and quantity, flooding out fish habitat during heavy rainfall, reducing infiltration to 

groundwater, degrading wetland habitat, and so on. 

Photo courtesy of Ngaio Hotte. 
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Climate change has the 

potential to exacerbate these 

issues, but its impacts are 

dependent on the future 

climate conditions it creates. 

Direct effects, such as warmer 

temperatures, may further 

affect the amount of water 

moving through the soil and 

feeding groundwater 

resources. There are also indirect 

effects, such as those on tree 

growth and forest fire frequency. Existing dry forests in the southern areas of the 

watershed may, under climate change, become too dry to support future generations 

of commercially valuable forest or current wildlife habitats. Wildfires, which cost the 

province an average $109 million per year in management costs alone, are strongly 

influenced by temperature and precipitation.xxi  

 

Modeling of future climate conditions as well as subsequent effects on forests and 

hydrology can help to create scenarios of future conditions in the watershed and inform 

planning and management decisions. The project team adopted a linear approach to 

identifying the interactive effects of these three aspects of the watershed, identified in 

Figure 5. 

 

 

Figure 5. Approach to modeling for the San Jose Watershed. 

 

  

Climate Forests Hydrology 

Logs stacked outside the sawmill in Williams Lake. (Photo 
courtesy of Ngaio Hotte.) 
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Methods 

 

 

 

 

 

 

 

 

 

Figure 6. Modeling framework for the San Jose Watershed. 

Figure 6 provides an overview of the modeling framework for the project. This 

modeling framework was designed to tackle the challenge of taking global models to 

project climate change and its impacts on forests and hydrology and “downscaling” 

them to offer reasonably accurate predictions at the watershed scale. Local modeling 

can help communities to understand the specific impacts of climate change in their 

backyards, such as how tree species are likely to shift and where these shifts will occur.  

 

Climate modeling 

Historical climate data was collected from nine weather stations within the San Jose 

Watershed and supplemented with extrapolated climate model data to estimate 

historical temperature and precipitation.  This information was then used to project 

three future conditions: a Base Case, a Low Climate Change (LCC) Scenario and a High 

Climate Change (HCC) scenario.  

 

The Base Case represents a set of future climate conditions based on the assumption 

that the climate will remain much the same as it is today, with no change in climate.  

 

LCC represents a very conservative estimate of future climate conditions where minor 

changes in the climate are experienced. This scenario, known as GCM B1, assumes that 

emissions of carbon dioxide, methane, nitrous oxide, and other gases that contribute to 
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climate change will fall over the coming decades as countries around the world shift to 

service- and information-based economies while forging international agreements to 

promote adoption of low-emission technologies. 

 

HCC represents a scenario where the region experiences a higher level of climate 

change, as forecasted by existing climate models.  Also known as Global Climate Model 

(GCM) A1B, this scenario forecasts future conditions for a world where human 

population growth slows, but rapid economic growth continues based on a mix of fossil 

fuel-based and renewable energy technologies. This scenario is consistent with current 

emission trends. 

 

The climate data for the Base Case and HCC scenarios were used as inputs to forest 

models. LCC and HCC scenarios were used during hydrological modeling.   

 

These three scenarios were selected to provide information about lower and higher 

potential impacts, with the understanding that future conditions will likely fall 

somewhere between the Base Case and HCC scenarios. A detailed description of the 

climate modeling component can be found in Appendix C: Forest modeling. 

 

Forest model outputs were subsequently input into hydrological models. This meant 

that changes in forest harvest, forest growth, species survival, and fire disturbance were 

incorporated into the hydrological model to predict impacts on surface water quantity 

and movement within the watershed. In addition, the hydrological model incorporated 

a low climate change scenario to investigate the sensitivity of the hydrological results 

to the different climate scenarios. 

 

Forest modeling 

The project team used three computer-based forest models to project future forest 

conditions: Tree and Climate Assessment (TACA), DYNA-PLAN, and Forest Planning 

Studio (FPS). The project team also developed a methodology to utilize outputs from 

TACA to generate estimates of stand productivity under different climactic conditions.  

TACA is used to evaluate the sensitivity of each type of tree species in the watershed to 

climate change. It can determine the probability that a given species will become 

established in an area under past, present, or future climate conditions. The 

implications of this are, if a certain tree species prefers cooler, wetter conditions, and 

the climate is expected to become warmer and drier, that species is likely to comprise 

less of the forest area in the future. Conversely, it is reasonable to expect that this 

species would be replaced by another that prefers warmer, drier conditions.  

 

 



 

23 Adapting to Climate Change in the San Jose Watershed 

Stand Growth and Productivity 

Simulating stand productivity is a critical element in modeling future forest conditions. 

Changing climates will impact not only tree growth but mortality, and these effects will 

vary depending upon the age of the trees, species, and site conditions. There are 

existing models based on empirical data that are used to predict stand development 

(such as TIPSY, the existing growth and yield model utilized through most of the 

Province); however, these models rely on past climates. Alternatives are process-based 

models (which rely on the physical representation of processes that allow for the input 

of climactic factors into the biophysical processes determining tree growth and stand 

development) but there was no existing model available at the time the project was 

initiated. The project team then developed a methodology utilizing TACA outputs to 

adjust TIPSY curves to generate estimates of future stand productivity.  

 

FPS is capable of estimating future harvesting and fire disturbances in the San Jose 

watershed for each of the Base Case and HCC scenarios. It is “spatially explicit in a 

limited sense”, in that it represents activities on the timber harvesting landbase, as it 

illustrates where timber will be harvested, where forest openings will be created, and 

where species and age classes will occur. FPS is also the standard model used in 

estimating timber supply in the Province. However, FPS does not represent fire 

spatially-an important disturbance event in the types of forest found within the 

watershed-nor does it track changes in forest conditions outside of the THLB. For that 

the following model DYNAplan was used.  

 

DYNA-PLAN is a modeling tool to observe the effects of different scenarios on forests 

at the landscape level. It is spatially explicit, where it can predict where different forest 

types and age classes will occur and estimate the distribution and frequency of forest 

fires and pest outbreaks over the entire area. DYNA-PLAN can also be used to forecast 

future timber supply and its financial value but in this project the projection of timber 

supply and value came from FPS (although comparisons were made between the two 

model outputs). DYNAplan results were used as inputs into the hydrological model. 

Before any of the model simulations could be conducted, the research team needed to 

establish spatial boundaries. Because of the influence of forestry activities outside the 

watershed on forests inside its geographic boundaries, a buffer of 500-metre was 

selected. This meant that each model simulation was run twice: once for the Total Area, 

including the 500 m buffer, and once for the San Jose Watershed Core Area.  A map of 

the Core Area and Total Area is included in Figure 7. 

 

Modeling was conducted for a period of 100 years, representing the current state of 

climate projections which offer projections through 2080 but none beyond. 
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Figure 7. Overview map - San Jose Watershed Core Area and Total Area. 

The modeled areas include all forested Crown land and span two Timber Supply Areas 

(TSAs) and some minor amounts of private land. While some timber harvesting is 

expected to occur on private lands in the future, the amount harvested is currently 

minimal and is not expected to increase significantly.  

 

The project team also ensured that the forest models accounted for changes in existing 

landscapes that are valued for attributes other than timber, such as visual 

attractiveness. A technical description of the methodology and results for the forest 

modeling component are included in Appendix C: Forest modeling and Appendix D. 

 

Hydrological modeling 

The YAM hydrological model was used to examine the combined effects of changes in 

climate and forest characteristics on hydrology. YAM is used to assess the impacts of 

landscape changes on stream and river flows at the landscape level. It uses data 

concerning the types and relative amounts of land cover, such as forest age and 

species, as well as climate parameters and historical surface water flows, to project 

future conditions.  
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The impacts of forest management and future forest fire regimes on hydrology were 

evaluated using six land cover scenarios:  

 

 Current land cover.  

 Open land cover (all currently forested areas are converted to open areas). 

 Forest land cover (all currently beetle-killed forests are restored, but all existing 

open areas and wetlands remain intact). 

 Run 0. 

 Run 1. 

 Run 2. 

 

Runs 0, 1 and 2 were generated by DYNAplan using topographical information and 

illustrate outcomes from the simulated effects of harvesting and fire reported under 

HCC. YAM is a stochastic model, so each of the runs differ slightly. 

 

Due to high variation between model outputs for precipitation, three climate models 

(i.e. CGCM3, HADCM3 and MIRO) were used to evaluate both of the LCC and HCC 

scenarios.  

 

The research team used available data from the Williams Lake Airport weather 

monitoring station (A1098940) and three and stream flow monitoring stations to 

examine historical flows and predict future changes.  

 

Unfortunately, all of the monitoring locations are heavily influenced by surface water 

use for domestic, agricultural, and industrial purposes. This means that reported flow 

rates and volumes fluctuate within the year with irrigation and other water use, which 

masks natural changes in water flow and availability, and under-represent natural 

surface water flows. Because water licenses only indicate how much water users are 

permitted to take, and not how much water they actually do take, it is difficult to 

separate the influence of water users from that of climate and other natural factors.  

Snow water equivalent measurements (SWE) were also obtained for five locations 

approximately 50 km north of the northern watershed boundary. This information was 

used to estimate the contribution of snowfall to surface water levels in the watershed. 

The research team used historical river and stream flow data, climate projections, and 

forest modeling results to predict future monthly flows or monthly water balances 

under different forest management scenarios. The results were used to project changes 

in groundwater quantity over the next 100 years. A technical description of the 

methodology and results for the forest modeling component is included in Appendix E. 
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Results 

Climate modeling 

Temperature 

 

The climate models revealed a warming trend across all seasons in the San Jose 

Watershed over the next 100 years for both the Base Case and HCC scenarios, as 

illustrated in Figure  8 and Figure 10, respectively.  

 

Under LCC, spring, autumn, and winter temperatures are expected to rise by 

approximately 2ºC by the 2080s, while summer temperatures will rise by 3.7ºC.  

 

The magnitudes of seasonal temperature increases are considerably larger under HCC, 

with spring temperatures rising by nearly 5ºC, summer temperatures by 6ºC, autumn by 

4.5 ºC, and winter by 3.7 ºC.  

 

Precipitation 

 

The trends for precipitation under LCC and HCC scenarios also follow similar patterns 

with greater extremes in seasonal precipitation under HCC, as seen in Figure 9 and Figure 

11, respectively.  

 

Under LCC, spring and winter precipitation will increase by 10% by the 2080s and 

autumn precipitation by 13%, while summer precipitation will fall by 10%.  

 

Larger changes are predicted under HCC. Spring rain and snow fall will increase by 22% 

by the 2080s, autumn rainfall by 14%, and winter rain and snow fall by 13%, while 

summer rainfall is projected to drop by 30%. 
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Figure 8. Mean predicted change in mean seasonal temperature under LCC. 

 

 

Figure 9. Mean predicted change in seasonal precipitation under LCC. 
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Figure 10. Mean predicted change in mean seasonal temperature under HCC. 

 

 

Figure 11. Mean predicted change in seasonal precipitation under HCC. 
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Figures 12 and 13 compare historical and projected temperature and precipitation, 

respectively, at the Williams Lake Airport sampling location. 

 

Figure 12. Historical median temperature at the Williams Lake Airport and 

projected temperature under HCC. Error bars represent the years that occur in the 

10th and 90th percentiles for Mean Annual Temperature.   

 

Figure 13.Historical median precipitation at the Williams Lake Airport and projected 
precipitation under HCC. Error bars represent the years that occur in the 10th and 
90th percentiles for Mean Annual Precipitation. 
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Forest modeling 

Current Forest Conditions 

Figure 14 shows the different biogeoclimatic ecosystems found within the San Jose 

watershed.6  The area is dominated by drier forest types-and by the two species that 

occupy those forest types, lodgepole pine (Pinus contorta) and Douglas fir (Pseudotsuga 

menziesii). Lodgepole pine is also the dominant species in the second largest BEC zone, 

SBPSmk. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. Biogeoclimactic ecosystem zones in the San Jose Watershed. 

                                                                    

6 More information about BEC zones can be found at: 

http://www.for.gov.bc.ca/hre/becweb/system/how/index.html 

http://www.for.gov.bc.ca/hre/becweb/system/how/index.html
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All of the mature pine within the watershed was attacked by Mountain Pine Beetle and 

past harvesting focused on capturing as much of that timber volume as possible before 

it became uneconomic. A high proportion of the forest is therefore in a much younger 

age class than would otherwise be the case (a detailed map can be found in Appendix 

D); this has an important influence on the availability of timber for harvest over the next 

century. 

 

Projections of Tree Establishment and Stand Development 

 

Given the predominance of the two species, Douglas fir and lodgepole pine, the project 

team focused on developing simulations of tree establishment and productivity for 

those two species. Generally speaking, pine performs poorly in the drier forest types 

(IDF type), where it is unable to reestablish successfully regardless of soil type by the 

2050’s. Douglas fir has trouble surviving on the poor sites in the IDF type forests as well, 

but the regeneration of Douglas firs across all the other soil types and in the other 

ecosystems is enhanced (see Appendix C for more detail). 

 

Figures 15 and 16 show simulated growth rates under high climate change for Douglas 

fir in the dry (IDF) forest types, and lodgepole pine in the cooler Sub-boreal forest type. 

Historical represents the historical growth rate for that species in that BEC zone under 

current and past climactic conditions; while good, medium, and poor refer to the 

simulated future growth under the different growing conditions (soil type) within those 

ecosystems. 
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Figure 15: Potential impact of high climate change on Douglas fir productivity and 

abundance in the IDF ecosystems of the San Jose Watershed. Climate change 

impacts begin in year 10.   

 

Figure 16: Potential impact of high climate change on lodgepole pine productivity 

and abundance in the sub-boreal ecosystems of the San Jose Watershed. Climate 

change impacts begin in year 10.   
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Regeneration is enhanced for Douglas fir and productivity improves on good sites under 

climate change, offsetting reductions in productivity across medium and poor sites. For 

lodgepole pine, productivity is diminished relative to the historical baseline even for the 

good sites and it effectively vanishes on poor sites over time. 

 

Harvested volume - FPS results 

 

FPS was used to project timber flows and the timber values generated within the 

watershed, comparing the outcome sunder HCC relative to the Base Case. It was 

assumed there would be no change in management, and that management would 

follow all current regulations as set out for timber harvesting in the area (riparian set-

asides; VQO objectives; Ungulate Winter Range requirements). It was assumed that 

Douglas fir was harvested using partial cutting-the details of the methodology can be 

found in Appendix D. 

 

The total harvest volume was projected for both the Core Area of the San Jose 

Watershed and the Total Area, including the 500 m buffer. Figure 17 shows the 

projected timber harvest over the next 250 years for the Total Area. 

 

 
 

Figure 17. Harvested volume in the Total Area under Base Case and HCC scenarios. 
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First, the volume of timber harvested per year in the Total Area is almost 

indistinguishable for the Base Case and HCC scenarios. Both scenarios show an increase 

in harvesting over time from a low level to a higher harvest level as recently harvested 

stands recover from the Mountain Pine Beetle. 

 

However, the recovery of the timber supply is stronger and more extended in the Base 

Case (171,000 m3/yr over the next 130 years) than in HCC (105,000 m3/yr over the next 

90 years). Lower harvest levels observed under HCC due to forest losses are attributed 

to a higher fire disturbance rate (+40%) and a number of stands which experience 

reduced (or zero) growth rates.  

 

The Core Area, including only the San Jose Watershed, represents a smaller percentage 

of the Total Area. While the harvest volume per year in the Total Area was fixed during 

modeling, the research team allowed the harvest volume in the Core Area to fluctuate. 

This allowed the research team to identify what proportion of the total timber harvest 

would occur inside the San Jose Watershed compared to outside the Core Area. Figure 

18 compares the projected timber harvest in the Core Area under the Base Case and 

HCC scenarios with the timber harvest in the Total Area under the Base Case. 

Figure 18. Harvested Area – San Jose Watershed Core Area and Total Area. 
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During the 2020s, 2030s, and into the 2060s, timber harvest is expected to occur 

primarily within the watershed. In the 2040s and 2050s, the model projected that a 

large portion of the harvest will occur outside the watershed. These results were 

observed for both the Base Case and HCC scenarios. 

 

Differences between the Base Case and HCC scenarios begin to emerge in the 2060s. 

Without climate change, nearly all of the timber harvest will occur in the San Jose 

Watershed. Under HCC, the watershed will still provide most of the timber, by volume, 

but the total volume of timber harvested will be much lower than under the Base Case. 

This result is attributed largely to complex interactions between the distribution of 

forest stands of different age classes within and outside the watershed, which is 

influenced by i) the volume of timber harvested in the past, and ii) the area of pine 

forest killed by Mountain Pine Beetle. 

 

Value of harvested timber 

 

Model results for the Total Area project that the average value of harvested timber will 

fluctuate during the next 100 years between a high of $72.91/m3 and a low of 

$55.07/m3. During this time, the 10-year weighted average value of timber is expected 

to be higher under HCC ($65.08/m3) than in the Base Case ($63.50/m3). This is the 

delivered value of wood, and includes harvesting costs (so it is not net value). 

The value of timber is influenced by many variables, but the most significant impacts 

are likely to be caused by the relative proportions of Douglas fir and lodgepole pine 

stands. Douglas fir, which performs better under HCC, has a higher commercial value 

than lodgepole pine, which is expected to experience a decline. This will increase the 

average value of timber as the composition of the total harvest shifts towards higher-

value species. 

 

However, the total value of the harvest presents a very different picture. Both the total 

volume of timber harvested and its total value are higher under the Base Case ($715.8 

million) than under HCC ($706.9 million). 

 

Similar fluctuations in the 10-year average value of timber are observed from model 

results for the Core Area, as illustrated in Figure 19. 
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Figure 19. Average harvest value – San Jose Watershed Core Area. 

Again, the weighted average timber value under HCC ($64.39/m3) is higher than the 

weighted average value under the Base Case ($66.54/m3). Yet, the total value of 

harvested timber under the Base Case ($645 million) is higher than under HCC ($592 

million). 

 

The results from FPS show that timber volumes, while somewhat lower, can be 

sustained under the high climate change scenario and that the reduction in timber 

values is relatively small. However, there is a dramatic change in the age class structure 

of the forest suggesting that that level of timber harvest cannot be sustained over time. 

In the next section, we use DYNAplan to examine changes in forest structure. 

Forest Structure - DYNAplan Results 

Although timber harvests can be sustained at relatively high levels, which is similarly 

indicated by the DYNAplan results, harvesting levels combined with declining 

productivity across much of the landbase reduce the ability of the landbase to sustain 

those timber harvesting opportunities beyond the modeling period. This is accentuated 

by the increased fire disturbance that was simulated under HCC. (DYNAplan also used a 

higher probability of fire relative to FPS, which relied on existing assumptions currently 

incorporated in existing forest management planning procedures about fire return 

intervals.) 
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From the first decade of simulation the DYNAplan results show that the landscape was 

highly impacted by the Pine Beetle epidemic and begins with a large initial amount of 

young stands. With time, old-growth areas accumulate around the river valley. This 

happens due to the lower probability of fire event in this area, and in part model 

objectives, where the model was set up to manage harvest pattern to congregate old-

growth areas together to improve habitat. As initially old-growth areas are 

concentrated around the valley, the model tried to minimize harvesting in this area. 

The fragmentation of the landscape into spots of younger stands was mainly driven by 

fire and not by harvesting. In the HCC scenario, fires were larger and hence had greater 

impact on forest fragmentation. Figure 20 compares stand ages across the Base Case 

and HCC scenarios 10 years from now, 50 years in the future, and 100 years in the 

future. Yellow represents stands under 30 years of age, while purple denotes stands 

over 140 years of age. The following figure, Figure 21, shows growing stock (biomass) 

for the same time periods and same scenarios. 

Figure 20 shows not only a much younger forest, but also more fragmentation (in terms 

of older age classes). Figure 21 shows the diminution in growing stocks, and in some 

areas of the watershed, such as the SW corner, low timber volumes are raising concerns 

as to whether or not forest stands will be able to provide merchantable timber volumes 

in the future (outside of the age class 30 and younger stands). 
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Base Case HCC 

Figure 20. Age classes for different time periods under Base Case and HCC scenarios. 
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Figure 21. Growing volume under Base Case and HCC scenarios. 

Base Case HCC 
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Hydrological modeling 

Streamflow response to land use and climate change 

Figure 22 shows mean monthly streamflow under historical conditions for the three 

different land cover scenarios (i.e. current land cover, open land cover and forest land 

cover). It shows a strong seasonal pattern, common of lower-elevation watersheds in 

the Interior, high Spring flows accompanying melting of snow pack, and low flows 

moving into Fall. 

 

 
 

Figure 22. Mean monthly streamflow under historical climate conditions for different land-

cover simulations.  

 

Figure 23 shows boxplots (representing the projected flows and 95% confidence 

interval) for the different land use scenarios, based on historic climate. These illustrate 

that water flows are higher under the open scenario and slightly lower under the full 

forest cover scenario, relative to current conditions. 
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Figure 23. Boxplots of mean annual streamflow for historic climate conditions under three 

land-cover scenarios (see Methods: Hydrological modeling for descriptions of land cover). 

 

Figure 24 offers the same boxplot figures but looking ahead, based on the three 

different GCM climate models and six scenarios reported individually. Climate 

projections from the three models were averaged for the climate projections discussed 

earlier in this report but results were presented individually for each climate model 

given the differences they project in terms of changes in precipitation to more fully 

represent the range of possible outcomes. 

 

All three figures show that under HCC, there is a general tendency for decreased annual 

yield for all land-cover scenarios and time slices (Figure 23). The key exceptions are the 

scenarios based on the MIRO GCM output, which indicate an upward shift in annual 

yield for all land-cover scenarios by the 2080s. This may be due to regrowth of pine 

forest stands.  

 

While GCMs are consistent about global and hemispheric changes in climate, their 

regional predictions can diverge, depending on how the models represent topography 

and the land surface. In terms of interpreting the results, although all of these futures 

are considered equally likely, given that the other two projections offer similar 

outcomes, the balance of likelihood is tilted more towards lower yields. 
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Figure 24. Boxplots of annual yield under the high emission scenario for the 2020, 2050 and 

2080 time slices for six land-cover scenarios and three GCMs. 
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Figure 25 looks ahead again utilizing three GCM and six scenarios. In these figures, the 

flows are reported as differences from the mean annual flow. For all time slices, GCMs 

and land-cover scenarios, there is a decrease in flows from April through the autumn. In 

winter, all projections indicate a shift to higher flows in winter, with an increasing 

magnitude from the 2020s through the 2080s. Winter flow increases are most 

pronounced for the MIRO GCM scenarios.  

 

Based on all the runs, the "likely" response is higher flows in January to March and lower 

flows most of the rest of the year. Therefore, there would be a reduction in water 

availability, particularly during the growing season when it is required for irrigation. 

Under some GCMs and scenarios the reduction in flows is large enough that there 

might be little if any flow in the river. One response might be to develop more storage 

to capture the winter flows for use later in the season. However, there would probably 

be increased evaporation loss from surface impoundments. 
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Figure 25. Changes in monthly streamflow from the historic baseline for the high emission 

scenario and the 2020s (top), 2050s (middle), and 2080s (bottom) time slices. 
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Summary of climate change impacts: climate, forests and hydrology 

Based on climate, forest, and hydrological modeling in the San Jose Watershed, the 

climate is expected to exhibit the following changes over the next 100 years: 

 Warmer spring (2ºC-5ºC), summer (3.7ºC-6ºC), autumn (2ºC-4.5ºC), and winter 

(2ºC-3.7ºC) temperatures.  

 Increased precipitation during the spring (10%-22%), autumn (13%-14%), and 

winter (10%-13%), and decreased precipitation during the summer (10%-30%). 

 

Changes in climate will continue to interact with existing impacts on forest health and 

timber production in the watershed, including Mountain Pine Beetle and its impact on 

the current forest structure. More specifically, climate change will contribute to the 

following impacts in the watershed over the next 100 years: 

 

Forest Values 

 

 Lower annual timber harvest volumes, which reach a maximum of between 

80,000 m3/yr and 105,000 m3/yr sometime over the next 100-140 years;  

 Lower annual growth rates for most forest species and stands; 

 An increase (~40%) in forest fires disturbances in harvested areas;  

 Escalating impacts over the next 100 years as some forest stands show signs of 

mortality and many new stands have difficulty becoming established in the 

watershed. 

 Increased forest fragmented and younger stands, reducing habitat availability 

for species dependent on older forests. 

 Risk of some forest areas converting into grassland by the 2080s. 

 Risks to future timber supply. 

 

Hydrology 

 

 Decreased annual surface water yields. 

 Shifts in the timing of monthly flows, with less water available in the Spring and 

Summer.  
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Answering (some) of the questions around future scenarios 

The project team compared these outcomes to detailed questions posed in the second 

workshop. These ranged from questions about grasslands to habitat, timber values, 

and if we could manage the landscape for water (the exact questions can be found in 

Appendix A). Although we have not yet quantified the answers to all the questions, in 

many cases our outcomes under the high climate change scenario do offer answers to 

the questions asked. For example, the simulations suggest that we should expect to see 

an increase in open range under climate change, in the drier ecosystems, where the two 

dominant species currently found there are having trouble regenerating and growing.   

 

Our results also suggest it is very likely that while timber harvesting can be sustained in 

its current form for many more decades, the risks to future timber supply are steadily 

growing and that, by the end of century, there will be areas within the landbase where 

the economics of timber operations (based on current values and economic models) 

will be challenged by low stocking levels and increased regeneration costs. Our 

simulations also show that climate change is likely to lead to a highly changed forest 

landscape in the future; and in some cases current habitat prescriptions (e.g. mule deer 

winter habitat) will no longer be appropriate. 

 

In terms of managing water flows, decreases in overall yields cannot be compensated 

for by broad land use changes. There may, however, be a role for altering the timing of 

flows, although more detailed research is needed to explore that possibility.  

 

These projections and “answers” to the questions posed should not be taken as 

predictions; however, they do offer more detailed insight into how climate change 

could impact ecosystems within the San Jose watershed and the attendant risk to the 

values for which the watershed is being managed. While this information describes one 

probable future for the climate in the San Jose Watershed, it does not account for 

several important considerations: uncertainty within climate models and variation 

around these average values, uncertainty about future land cover and its interaction 

with climate (e.g. rainfall, snowmelt) and uncertainty about future water withdrawals. 

Climate models offer estimates, not guarantees, for the future. And while they are 

capable of providing good estimates of large scale climate shifts, they cannot yet 

forecast the timing and severity of extreme events, such as droughts and flooding. 

Many models were also designed for use at larger geographic scales, so models may 

offer different projections when applied at the watershed level. For these reasons, 

planning for a future under climate change should remain flexible, responsive to new 

climate information, and able to accommodate possible extreme events that are 

reasonably foreseeable within climate projections.   
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Project findings 

In addition to modelling results, the project also revealed important social and 

qualitative findings. 

 

Local communities are concerned about the potential impacts of climate change on the 

forests, water, and livelihoods prior to the project. Individuals expressed a lack of 

sufficient scientific information about the projected impacts of climate change and 

were grateful for the opportunity to learn more about how the watershed functions. 

 

Project partners hold a deep and common interest in water. While this may not seem 

surprising, managers and decision-makers had struggled with different aspects of 

water individually prior to the project and had not engaged with one another across 

jurisdictional, geographic, or professional boundaries. The project offered a new 

opportunity for local professionals to work with researchers and each other to develop 

and share information about future impacts and risks.  

 

Serious information gaps exist regarding water use, water flows and sub-surface 

hydrology within the watershed. Local knowledge helped to identify stream gauges 

that could not be used because of local water diversions, and data is not collected for 

individual groundwater withdrawals. These findings highlighted the need for reliable 

information about water resources to inform current and future impacts. 

 

Wetlands strongly influence inter-annual drought and recovery periods. This has an 

important influence on hydrological flow and wetland function in the watershed. 

 

Modelling can be used to predict interacting effects between climate, forest resources 

and hydrology. The project tested new approaches to bridging the fields of forest and 

hydrological modelling by finding ways to not only predict how climate change will 

affect forests (i.e. growth, species distribution, economic value) and hydrology (i.e. 

timing and volume of flows), but also to assess interacting effects between forests and 

hydrology. Modellers from different disciplines successfully worked together to 

facilitate the flow of information and create consistent modelling results. Each model 

result contributed to the creation of a bigger picture about how future climate change 

could affect the forests and water supply of the San Jose Watershed and helped to 

translate broad-scale climate changes into local impacts and risks to resources. The 

interdisciplinarity of the project team, which included an Environment Canada scientist 

contributing as an adjunct at the UBC campus, fostered collaboration. 
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Research can help to catalyze or support change. This project underscored the power of 

information to build a common understanding of climate change impacts and potential 

actions to prepare for these impacts. Several actions had previously been taken to 

address climate change and its effects, but these programs and plans lacked detailed, 

technical information about the impacts of climate change on local forests and water 

bodies, as well as targeted local actions to address these impacts. The project was able 

to support local professionals by providing technical information and create a forum for 

discussion around climate change adaptation. 

 

Project outcomes 

Community leaders, including the Chair of the Cariboo Regional District and the 

Natural Resource Manager for the Williams Lake Indian Band, have become engaged in 

collaborative efforts to integrate climate change adaptation into planning processes.  

 

Some of the stakeholders identified that the information on future water scarcity that 

was provided would lead them to start evaluating some of their decisions differently 

(e.g. Ducks Unlimited and deciding where to allocate their investments).  

 

Finally, one important outcome from the project was the identification of a key barrier 

to adaptation: the lack of an effective regulatory framework with which to engage 

around water management. Indeed, one of the surprising outcomes in the project was 

the general lack of engagement from the Ministry of Environment, the lead Provincial 

agency responsible for managing water. 

 

To overcome this barrier, the project team plans to host a fifth and final workshop to 

create the opportunity for a group of leaders to form an adaptation team, committee or 

working group. The goals and actions of this group are to be developed by workshop 

participants, but will likely include carrying out adaptation planning and championing 

interdisciplinary and inter-governmental actions.   

 

Finally, the project demonstrated that research can help catalyze or support change 

and showed the power of information to build a common understanding of climate 

change impacts and potential actions to prepare for these impacts. We return to this 

point in the discussion on “Next Steps”. 
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When the project began, local professionals were at Position 2 on the Adaptation 

Decision Making Continuum (General Awareness) shown in Figure 26. They were 

concerned about the potential impacts of climate change on forests, hydrology, and 

livelihoods in the San Jose Watershed. Mountain Pine Beetle had disturbed large areas 

of forest in the watershed, with impacts reaching their peak during 2006/2007, and the 

San Jose River had nearly run dry each August during previous years.  

 

 

 

Figure 26. Adaptation Decision-Making Continuum. 

 

Several actions had been taken to address climate change or the effects thereof, 

including the following: 

 

 The City of Williams Lake had successfully undertaken ongoing efforts to reduce 

residential water use through its Summer Smart Lawn Watering Campaign.  

 The Cariboo-Chilcotin Climate Change Adaptation Strategy had been developed 

through partnership between the Fraser Basin Council, the Cariboo Regional 

District, and NRCan. 

 Development of the Cariboo Regional Development Strategy had begun, with 

the goal of establishing a collective vision and for the region that reflects 

common social, environmental, and economic objectives. 
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What was missing from these programs and plans was detailed, technical information 

about the impacts of climate change on local forests and water bodies, as well as 

targeted local actions to address these impacts. The project team was able to support 

local professionals by providing technical information and create a forum for discussion 

around climate change adaptation. 

 

The project helped to engage decision-makers and move the community toward 

Position 3 (Active Engagement). Community leaders, including the Chair of the Cariboo 

Regional District and the Natural Resource Manager for the Williams Lake Indian Band, 

have become engaged in collaborative efforts to integrate climate change adaptation 

into planning processes.  

 

Some of the stakeholders identified that the information on future water scarcity that 

was provided would lead them to start evaluating some of their decisions differently 

(e.g. Ducks Unlimited and deciding where to allocate their investments).  

 

The project team is also preparing a series of papers that will help policy-makers, 

analysts, local managers and planners better understand the limitations of the current 

tools they are using around timber supply planning in the TSA.  

 

The project team is also contributing their results and findings to the local Williams 

Lake TSA committee.  Two members of the team are working with the TSA committee 

where they are already incorporating better methods in evaluating possible climate 

change impacts, while also exploring mitigation strategies based on some of the 

research findings. 

 

The two members are also working with the TSA committee around a recent provincial 

initiative involving the allocation of silvicultural funds (otherwise known as Type IV 

Silviculture Strategies) to take climate change into account (so in this case they are at 

Position 6 where they will be making decisions). 

 

Finally, one important outcome from the project was the identification of a key barrier-

the lack of an effective regulatory framework with which to engage around water 

management. Indeed one of the surprising outcomes in the project was the general 

lack of engagement from the Ministry of Environment, the lead Provincial agency 

around managing water. 

 

In response the project team identified the need to carry forward the work with plans to 

hold a fifth and final workshop that will create the opportunity for a group of leaders to 

form an adaptation team, committee or working group. That team would then carry 
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out adaptation planning and champion interdisciplinary and inter-governmental 

actions, and complete the transition to Position 4.  The next section then offers more 

detail on what might be required, including first an assessment of what might be 

required form a system perspective (beyond simply the appropriate actions to 

undertake), and then an investigation of a particular concept that could be used to 

address the challenge of developing a new approach and new governance 

arrangements around managing the watershed. 
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How can this information be used to plan for climate change? 

 

Adapting to climate change means changing our behavior and attitudes to address the 

direct and indirect effects of climate change on our environmentxxii using the best 

available information about the future climate. The “precautionary principle” dictates 

that, where uncertainty exists, actions should be taken to reduce the risk of harm to the 

public from potential threats, even when the exact degree of a threat is not known with 

100 percent scientific certainty. It is used to address issues that have the potential for 

serious consequences, even if the exact consequences are not known. In essence, by 

preparing now for changes in the climate, it is possible to reduce the likelihood of 

experiencing harmful impacts.   

 

“Adaptive capacity” is a term used to describe the degree to which a community is 

prepared to adjust to projected climate-related changes. It is closely linked to two key 

concepts: resilience and vulnerability.  

 

In the context of climate change, resilience is a measure of how readily a system, such 

as a watershed, can accommodate climate shifts or extreme events without 

experiencing significant changes. Vulnerability is the opposite of resilience, and may be 

described as the susceptibility of a system to climate shifts or extreme events.  

 

One way to assess vulnerability is to examine how weather-related events have 

impacted a region in the past, how they have been mitigated, to predict where they are 

likely to occur again. Another way is to examine existing infrastructure, and evaluate its 

capability to manage future conditions. Equally important is whether climate-related 

considerations are incorporated into planning and decision-making.  

 

The BC Government’s “ReTooling for Climate Change” website (www.retooling.ca) 

offers recommendations and methodologies for assessing resilience and vulnerability.  

 

"Individually, we are one drop. Together, we are an ocean."  

- Ryunosuke Satoro 

http://www.retooling.ca/
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There are seven key components of adaptive capacity, outlined in Figure 27, that 

communities can develop to increase their adaptive capacity.  

 
Figure 27. Seven components of adaptive capacity.xxiii 

 

Communities with high adaptive capacity are characterized by developed networks of 

individuals and organizations that gather and transfer information effectively between 

members.xxiv These networks work collaboratively to generate innovative ideas and 

solutions to climate-related challenges. By providing information and helping to build 

relationships, or “social capital”, between individuals and organizations in the 

watershed, the San Jose Watershed RAC project offers a taste of the adaptive capacity 

pie. Communities in the San Jose Watershed can also take advantage of existing 

knowledge and skills possessed by individuals, government and non-government 

institutions, technologies, and infrastructure and economic roadmaps under 

development through the Cariboo Regional Development Strategy. 

 

One option for increasing the strength of existing networks to improve adaptive 

capacity is through the process of Integrated Watershed Management (IWM). IWM is 

an approach to planning that encompasses the biophysical, built, and human 

landscapes (see Figure 28), and respects the interconnected nature of many aspects of 

the region, such as surface and groundwater, water quantity and quality, land and 

water, and community development and resources. It offers a perspective for 

managing multiple aspects of the natural and human environments to mitigate risks, 

maximize benefits to communities, and resolve resource management issues under 

changing conditions. It involves integrating scientific and technical information as well 

as cultural and social values to create a plan for the future. 
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Based on existing and emerging 

information about future climate 

conditions, planners can evaluate 

potential risks and address multiple 

challenges through IWM. This involves 

assessing multiple risks within the 

watershed, including those related to 

climate change. Risk assessment and risk 

management are familiar processes that 

are already incorporated into regional and 

municipal decision-making. Climate-

related risks are another layer of risk that 

can be incorporated into existing 

frameworks to prepare for climate 

change.  

 

Angela Mawdsley, a graduate student with the University of Queensland, conducted an 

assessment of existing and potential governance structures for managing water in the 

San Jose Watershed in conjunction with the project team. Her study outlined the 

influence of water in the watershed; values of community members that are influenced 

by water; an overview of roles, responsibilities, and legislation for water management 

in Canada and British Columbia; existing water planning tools; and an introduction to 

how Integrated Watershed Management can help communities in the watershed to 

adapt to climate change.  

 

While attractive, IWM also presents challenges. Because watersheds do not follow 

jurisdictional boundaries in British Columbia, watershed planning requires cooperation 

and collaboration of multiple government and non-government organizations as well 

as citizens from several communities. Table 1 (next page) lists some of the potential 

partners that could be engaged in IWM within the San Jose Watershed. The San Jose 

watershed has many of the characteristics that would make it suitable for such efforts, 

although there are considerable challenges too. 

  

Figure 28. Components of Integrated 
Water and Watershed Management 
(Credit: Fraser Basin Council) 
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Table 1. Potential partners in IWM within the San Jose watershed.  

Federal level: 

Stakeholder Roles and Interests Influence Impact 

Environment Canada Environmental protection, natural heritage 
conservation and weather and 
meteorological information.  

Medium Low 

Fisheries and Oceans 
Canada 

Safe and accessible waterways, healthy 
and productive aquatic ecosystems and 
sustainable fisheries and aquaculture. 

Medium Low 

Aboriginal Affairs & 
Northern 
Development 
Canada 

Protect water quality in Northern 
developments and works with First Nation 
communities and federal government to 
manage water in First Nation 
Communities. 

Low Low 

Health Canada Ensure safe drinking water through the 
publication of guidelines for Canadian 
drinking water quality. 

Low Medium 

Agriculture and Agri-
Food Canada 

Research and information on water use in 
agriculture and its impact on water 
resources. 

Low Low 

Transport Canada Regulates transportation on water. Low Low 

Natural Resource 
Canada 

Research on groundwater and hydrologic 
impacts from climate change. 

Low Low 
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Provincial level: 

Stakeholder Roles and Interests Influence Impact 

Ministry Forests, 
Lands and Natural 
Resource Operations 

Deliver integrated land management in BC 
through the establishment of policy and 
conditions for access to forest, land and 
natural resources. Responsibilities include: 
-Water use planning and authorizations. 
-Drought management. 
-Forests and range authorizations. 
-Crown land allocation and authorizations. 
-Fish, wildlife and habitat management. 
-Flood plain management. 
-Watershed restoration. 

High Low 

Ministry of 
Aboriginal Relations 
and Reconciliation 

Works to achieve reconciliation with First 
Nations and other Aboriginal peoples. 
Responsibilities include: 
-Aboriginal policy and coordination. 

Low Medium 

Ministry of 
Agriculture 

Help agriculture, food and bioproduct 
sectors grow. Responsibilities include: 
-Agriculture, aquaculture and food industry 
development. 
-Grazing and range stewardship policy. 
-Animal health and crop/plant protection.  

Med Low 

Ministry of 
Environment 

Sustainable environmental management 
through enhanced protection and 
stewardship. Responsibilities include: 
-Air, land and water quality standards. 
-Pollution prevention and waste 
management. 
-Species and ecosystem protection policy. 
-Environmental monitoring. 
-Air and water monitoring. 
-Conservation and resource management 
enforcement. 

High Low 

Ministry of Health Sets goals, standards and performance 
agreements for health authorities related 
to: 
-Drinking water quality. 
-Recreational water quality.  
-Land use and onsite septic activities. 

Medium Medium 
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Regional level: 

Stakeholder Roles and Interests Influence Impact 

Cariboo Regional 
District 

Operate water utilities for unincorporated 
communities within their boundaries, and 
has planning authority over rural areas. 

Medium High 

Interior Health 
Authority 

Responsible for ensuring drinking water 
quality throughout region.  

Medium Medium 

Fraser Basin Council Works with government, private and 
NGO’s through research and programs 
aimed at achieving a sustainable Fraser 
River Basin. Also works with the public to 
increase education and awareness on 
sustainability issues. 

Med Low 

City of Williams Lake  Operates water utility for residential and 
industrial water users in the city through 
supply and demand management.   

Med High 

Lac La Hache Operates water utility for residential and 
industrial water users in the city through 
supply and demand management.   

Med High 

Horsefly River 
Roundtable 

Promote healthy community watersheds, 
and coordinated management 

Low Med 

Cariboo Chilcotin 
Conservation 
Society 

Initiated water wise program to educate 
and empower local citizens to conserve 
water and increase awareness around 
wastewater issues. 

Low Med 

Ducks Unlimited Wetlands and wildlife conservation 
initiatives in the watershed. Work to 
improve water quality, wetlands and 
associated habitats. Own water use 
licenses in the watershed for conservation. 

Med High 

Williams Lake 
Environmental 
Society 

Advocates for the conservation and 
enhancement of the environment. Low Med 

Cariboo Cattlemen’s 
Association 

Work in partnership with Ducks Unlimited 
to complete environmental farm plan 
programs to benefit both farm operation 
and water quality and riparian zones. 

Med High 

Agriculture Ranchers and farmers in the region rely on 
water for irrigation and feeding. 

Low High 

Forest Industry Tenure holders in the region rely on water 
resources to ensure successive generations 
of commercially valuable forest. 

Med Med 

Williams Lake Indian 
Band 

Water for traditional uses and places. 
Impact of water on other resources 
important to culture. 

Low High 

Domestic Users Water use for domestic purposes. Low High 
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Additional information about government organizations with jurisdiction over British 

Columbia’s watersheds can be found in Section 4 of Rethinking our Waterwaysxxv.  

Although coordinating meetings and reaching consensus may present challenges with 

larger groups, the involvement of multiple organizations also offers an opportunity to 

share information and resources. Projects that would place too great a strain on the 

time and finances of one organization are made possible through partnerships.  

 

Appendix F also offers information on more resources available for engaging in 

watershed planning, including other examples of other community-or regional-based 

organizations that have started to undertake actions to manage their water resources 

more effectively.  
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Next steps  

The project team will compile a list of actionable items for the future generated by and 

for local professionals at the forthcoming fifth and final workshop, to be hosted in 

September 2012. The project team will facilitate discussions among workshop 

participants about how this information can be used in developing a consensus-based 

planning process within the watershed. Part of this will involve identifying current gaps 

in the water governance framework by drawing on relevant examples from elsewhere 

in BC, where local groups have realized this problem and undertaken steps to begin 

addressing water scarcity issues (e.g. the Cowichan watershed), and on the results from 

the analysis carried out by Angela Mawdesly. It is anticipated that this would move the 

stakeholders and local decision-makers to Position 5 on the Adaptation Decision-

Making Continuum as a step towards a decision-point (Position 6). 

 

The project team also identified the critical importance of improving information about 

water flows and water use. Indeed, for any adaptation actions to be successful in the 

long-term, baseline data and a framework to measure the performance of 

management are necessary to better understand the outcomes and learn from 

implemented management strategies. The development of indicators along with 

regular monitoring and evaluation can provide valuable information and improve 

adaptive management. 

 

Continual scientific research is also an investment for building resilience and ensuring 

sustainable management of water. Beyond building on the insights generated from this 

work, which have broader implications beyond the watershed for carrying out this kind 

of work elsewhere, the researchers identified a potential program at the local research 

forest that would improve our understanding of how different stand treatments can 

augment water yields. 
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Conclusion 

The San Jose Watershed RAC project offered value to communities in the watershed by 

stimulating dialogue around climate change and watershed management and offering 

a glimpse into the future of the watershed under a changing climate. The project 

brought together representatives and practitioners from all four orders of government, 

non-governmental organizations, and sectors of industry and facilitated 

communication around issues relating to climate, water, and forests.  

The momentum created by this project offers an opportunity for local champions to 

take management of watershed issues to the next level, in whatever way they see fit for 

their communities. This report was developed as a resource to provide information and 

an overview of available resources to local practitioners who understand what 

initiatives and programs will work in their communities.  

Yet, the issues addressed in this project address only a few aspects of watershed 

management. Further research is required to answer important questions about how 

climate change will affect other aspects of the watershed, including: 

 Air quality 

 Agriculture 

 Biodiversity 

 Fish and wildlife 

 Human health 

 Industry 

 Infrastructure 

 Water quality 

 Water demand 

 

Adapting to climate change means examining what effects it may have on all aspects of 

how we live and work. It is a continuous and iterative process, into which new 

information must be incorporated as it becomes available. 
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Appendix A:  Workshop 1 – Comprehensive list of values and concerns 

Questions around key values in the San Jose Watershed 

Value 1: Range, Ranching, Grasslands  

1. How does (open) managed space contribute to recreation? 

2. How does sustainable ranching contribute to our society? 

3. How do poor practices negatively impact the watershed? 

4. How might the amount of grassland change in the future? 

5. What happens to the quality of natural grassland with climate change? 

6. Where/when do we expect natural grassland to develop? 

7. How do we modify forestry practices to recognize the inevitable change? 

a. move out of THLB? 

b. desired condition of new grassland?  

8. Is there a target proportion of open ground to closed forest? 

Answer: 

a. 20% open: no stat change 

b. 20-30%: increased flow 

c. 30%+ : increased peak flow 

9. What will happen with invasive plants? 

10. What are the effects of different ranching practices on different species of fish? 

(numbers, health) 

11. What did the landscape look like 100 years ago? How do we get back to that 

landscape (forest-to-grassland ratio, etc.)? 

12. What was historically open grassland? (100yrs ago) 

13. What are the effects of re-opening range lands over a period of 20, 50, 100yrs? 

14. What are the effects of the use of fire on trees? Berry bushes? Wildlife? 

15. Would the opening up of grasslands and open areas bring back natural species? 

Berries or just grass?  

16. What are the impacts of herbicides and pesticides on ranch lands and range? 

17. What are/were the impacts of beaver dams- and beaver dam removals- on water 

diversion? 

18. What would be the impacts of removing old logging roads? On wildlife 

migration? On water flows? 

19. What would be the impacts of different cattle fencing regulations along creeks? 

Value 2: Water 

1. How do increased peak flows signal back to ground water recharge? 
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Answer: Adam Wei: depends on timing. 

2. How do we manipulate forest cover to modulate peak flow? 

3. How do we incorporate the current condition into the framework? 

Answer: Harry Nelson: 

a. baseline 1 – inactivity 

b. baseline 2 – climate change baseline           

4. Can we increase water storage in wet years to meet demand in dry years? 

NOTE: We already hold back a lot of water for irrigation; historical droughts 

mitigated. 

5. What would increased storage mean to habitat values and present allocation? 

6. Where could additional storage be located? 

7. How do we account for recent changes in forest cover in the water records? 

8. Do we need to sub-divide the watershed to make sense of the history? 

9. Does logging have the same hydrological effect as fire? 

Answer: Dan Moore: No. Different hydrology, need info on dead stand. 

10. In 50 years, where will we have water, where will we have dry basins? Isolated 

basins? 

11. How will change in flow affect water quality? Flushing, reduced erosion, 

increased erosion? 

12. How do these changes affect irrigation and Ducks Unlimited habitat projects? 

13. Under different forest types and layouts, how much precipitation actually 

reached the ground? How much permeates? Runs off? Evaporates? 

14. How sustainable is it for communities and individuals to be tapping into 

different types of wells? 

15. Soil water storage: 

a. Improved water storage by management practices:  

- impact on water demand?  

- impact on water output? 

16. What stand structures have the best water retention characteristics? 

a. species? 

b. structure? 

c. density? 

d. height? 

17. Can we predict when water from the San Jose River will be safe to drink? Safe to 

eat the fish? Safe to swim? 

18. Can we make toxin level projections? 

19. What can we expect with regards to water levels? 

20. Can we identify all the natural springs in the watershed and track their status 

through the model runs? 
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21. Can we model the effects of different management strategies on all water 

species? Will we see an increase in undesirable species? 

Value 3: Habitat 

1. How does climate change affect species at risk (grassland dependent)? 

a. Who are the winners and losers? 

b. Ability to move to better habitat? 

2. How do we model what happens if we are wrong? 

a. Avoid painting ourselves into a new corner; we must maintain our 

options. 

3. If we had done this exercise in 1950, what would have changed? To what effect?  

4. Can we do a surprise scenario? (example: mass volcanic eruptions resulting in 

drastic cooling in some areas?) 

Answer: Mark Seilis: We are not working towards one Nirvana- work towards 

multiple futures. 

a. Clint Thompson: How do we know which scenario gives us the “best 

score”? 

5. MDWR, OGMA, WHA- do these need to change or move in expectation of 

climate change? 

6. In MDWR are the habitat prescriptions appropriate going forward? 

7. How will aspen (which is already stressed- leaf miner) fare under climate 

change? What will the effects be on different bird species? (Marg suggests 

talking with Cathy Koot about affected species) 

8. Can we track wildlife population dynamics through time? 

9. We must protect the dwindling badger population. 

10. Can we make inferences on eagle populations based on what we might see from 

fish populations? 

11. Is it possible to track all species that may be affected? Bears, wolves, deer, 

moose, birds, etc. 

12. Can we mimic what fire did long ago when salmon were still striving? 

Value 4: Timber 

1. How will species suitability change across the map? (regeneration planning) 

2. What are the most sensitive stand types in the future? 

3. Silvicultural approaches to establish IDF? Lw? Py? Where should we do that?  

4. Investment and ROI considerations 

5. Disturbance 

a. Fire- risk of loss 

b. Insects and disease fir beetle? budworm? 
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6. Timber availability 

7. Planned recovery from MPB/Fire 

8. Can we find stand structures that improve both water and timber (thinning to 

improve growth, increase resilience, and provide greater water yield)? 

9. What happens if we don’t manage stands that way?   

10. What do we know about the impact of harvest practices near creeks? 

11. How will different cut block layouts impact water retention, flow? 

12. Can we model the impacts of different logging technologies on plants and soil 

disturbance? Heavy machinery vs. small scale logging 

13. What are the effects of years of monoculture planting? Can we compare with 

what things might have looked like if we had stuck with the natural 

spectrum/ratio of species? 

14. Can we map out the effects of logging on wildlife migration patterns? 

Value 5: Quality of Life/Recreation 

1. How does the economy respond to climate change and its impacts?  

a. Impacts to tax schemes? 

2. How should we deal with large-scale disturbances? 

3. How do we affect the probability of those effects? 

a. Clint Thompson: How do we measure the economic impacts of e.g. 

MPB? Timber flows through time? 

b. Clint Thompson: We cannot expect to go forward in an unsustainable 

way (not a plausible baseline). 

4. Lac La Hache was a major trading post and gathering place. 

5. Keep in mind there are archaeological sites throughout the watershed. 

6. Will plants used in traditional medicines still be present? 

7. Cow parsnip range is being displaced- why? Forest density? Where will it go in 

the future?   
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Appendix B:  Workshop 2 – Revised forest cover and hydrological 

questions 

Questions around key values in the San Jose Watershed that can be 

addressed with forest cover models 

Value 1: Range, ranching, grasslands  

1. How much open range would there be under climate change? 

2. Where are trees going to die? 

3. What will be the species suitability in the future across ecosystems 

Could be addressed in the model as follows:  

A. We could use a risk indicator that no tree species are growing from TACA’s 

probability of regeneration (i.e. if all species have a regeneration survival prob < 

threshold). 

B. We could include a stress indicator from Georg’s (YAM) small-scale water 

balance model. 

Value 2: Water 

1. Would there be a management strategy that improves water flow? 

2. Can manipulating forest cover impact peak flow? 

3. What stand structure (crown closure, shading etc.) is more beneficial to water 

supply and resilience? 

Could be addressed in the model as follows:  

Management scenarios may include: 

A. Relative proportion of clearcut, 1 or 2 levels of partial cutting and no 

management. 

B. Choice of species with shorter vs. longer crown. 

Value 3: Habitat 

1. Are habitat prescriptions (e.g. mule deer winter habitat) still appropriate in the 

future? 

Could be addressed in the model as follows:  

A. We could map the habitat from the new forest cover and compare to current 

amount and location of cover. 

Value 4: Timber 
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1. How would salvage impact water flow? 

Could be addressed in the model as follows:  

A. Include salvage as a management option. 

 

2. Will the type of forest that grows be commercially viable? 

Could be addressed in the model as follows:  

A. Management objectives may include maximize revenues and/or volume. 

 

3. How might natural disturbance change + change the landscape (fire, insect)? 

Could be addressed in the model as follows:  

A. We could use a risk indicator (eg fire risk, beetle susceptibility extrapolated from 

stand structure). 

B. We could actually simulate fire and insect losses.  
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Questions around key values in the San Jose Watershed that can be 

addressed with hydrological models 

 

General modeling approach: 

A stand scale hydrological model and a large scale hydrological model will be forced 

with data from climate models under different emission scenarios. The large scale 

hydrological model will be used to address impact of climate change on the streamflow 

regime.  

The plot scale hydrological model will allow a detailed analysis of potential changes in 

soil-plant-atmosphere interactions. Because of the time constraints, we are limited in 

the number of species that we do this exercise for. I would say around three species is 

doable, given that we need to model each species at least for three points along its 

ecological range (both ends and the middle).  

Note that we will only be able to model water quantity, not water quality. However, 

qualitative inferences about stream temperature can be made by knowing the 

directions of change for air temperature and streamflow. 

Value 1: Range, ranching, grasslands 

 Is there are target proportion of open ground to closed forests? 

Approach: scenarios with different percentage of open to forest and subsequent flood 

frequency analysis.  

 How might the amount of grassland change in the future? 

Approach: Apply a threshold for grassland (e.g. annual precipitation < 300 mm). 

Related questions from question catalog: 

 Where do we expect grassland to develop? 

 What are the effects of reopening range lands? Value 2: Water 

 How will the streamflow regime change under future climate scenarios? 

Explanation: 

Global warming can result in substantial changes to the streamflow regime. In snow-

dominated watersheds, higher temperatures can result in earlier snow melt, earlier 

peak flows and reduced water supply during late summer, typically a critical low flow 

period. Higher temperatures also cause higher evaporative demand from the 
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atmosphere, which either causes an increase in actual evaporation or increased stress 

to plants because of limited water supply.  

Modeling approach: 

Long term simulations with different climate models and different emission scenarios 

with a large scale hydrological model (YAM).  

Related questions from question catalog: 

 How can we manipulate forest cover to modulate peak flow? 

Approach: Compare scenarios with different forest cover (e.g. different silvicultural 

practices) 

 How can we incorporate the current condition into the framework? 

Approach: Long term simulations with proxy climate date without global warming, 

using current and other management scenarios projected into the future. 

 Under different forest types and layouts, how much precipitation actually 

reaches the ground? How much permeates? Runs off? Evaporates? 

Approach: These questions all related to parts of the water balance, which is the base 

for all hydrological modeling. We will postprocess results for all scenarios not only for 

the runoff component, but also for other components of the water balance.  

 Soil water storage: 

 What stand structures have the best water retention characteristics? 

 What can we expect with regards to water levels? 

Value 3: Habitat 

 How will aspen fare under climate change? 

Approach: If we identify aspen as one of the important species that should be looked at 

in detail, we could set up the stand level model for aspen. As mentioned in the general 

modeling approach section, we should carefully select the species we want to have a 

detailed look at, since we are limited in the number of species we can run the stand 

level model for. 

Value 4: Timber 

 How will different cut block layouts impact water retention and flow? 

Approach: Run scenarios with different cut block layouts 
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 What are the most sensitive stand types in the future? 

Approach: We could roughly predict this with the soil state variables in the large scale 

model. However, I would reformulate this question to: 

 ‘How sensitive are the species that are most important for forestry in the region 

to climate change?’  

This could be analyzed by setting up the plot scale model for some tree species at both 

ends and in the middle of their ecological amplitude. Related questions from question 

catalog: 

 How will species suitability change across the map? 

 What are the most sensitive stand types in the future? 

 What happens if we don’t manage stands that way?  
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Appendix C: Forest modeling 

The ecological model, TACA (Tree And Climate Assessment) (Nitschke & Innes, 2008a), 

was parameterized for use in the ecosystems of the San Jose watershed.  TACA is a 

mechanistic species distribution model (MSDM) that analyses the response of trees to 

climate.  It assesses the probability of species to be able to regenerate, grow and 

survive under a range of climatic and soil conditions.  The modelling approach reflects 

both the regeneration potential of a species, since presence is directly related to 

establishment (McKenzie et al., 2003), and the climatic suitability of an area for a given 

species.   

 

We used multiple scenarios based on historical climate data from local weather stations 

and global climate change model (GCM) predictions for the region.  The historical 

climate records for nine climate stations that represent the ecosystems in the study 

area were used (Table C1); in addition, two extrapolated climate datasets were 

generated using MTCLIM (a climate extrapolation model) to create historical climate 

profiles for the SBSmc1 and ESSFwk1 based on the Ruth Lake climate station. Based on 

a rank and percentile test, 10 historical years of climate data were selected for each 

station and used as the historical climate scenarios in the analysis. The 10 years of data 

represent the 90th, 75th, 50th, 25th, and 10th percentiles for both observed annual 

precipitation and mean annual temperature. Duplicity between temperature and 

precipitation scenario selection was resolved using an annual heat-moisture index 

metric [(Mean Annual Temperature + 10)/ (Precipitation/1000)] (Wang et al., 2006) to 

select additional years from the climate distribution not covered by the initial selection 

criteria. The selected historical climate scenarios were used as the foundation for 

developing different climate change scenarios that incorporate daily climate variation. 

Bürger (1996) stated that incorporating daily climatic variation is important for 

improving the realism of climate change scenarios. The incorporation of extreme 

climate years is also important as species distributions are influenced by climatic 

extremes (Zimmerman et al., 2009).  
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Table C1. Climate stations used in analysis 

Station Latitude  Longitude Elevation (m) BEC 

108 Mile House - Abel 
Lake 51 42 121 24 994 IDFdk3 

Spokin Lake 4E 52 11 121 41 1040 SPBSmk 

Buffalo Lake 51 42 121 5 1003 SPBSmk 

Williams Lake Glendale 52 9 122 10 588 IDFxm 

1165793 51 40 52 121 13 928 IDFdk3 

Ochiltree Miocene 52 16 121 43 1027 SBSdw2 

Williams Lake AP 52 11 122 3 940 IDFdk3 

Williams Lake River 52 8 122 9 585 IDFxm 

Ruth Lake 51 51 120 59 795 SBSdw1 

SBSmc1 MTCLIM Interpolation 1300 SBSmc1 

ESSFwk1 MTCLIM Interpolation 1550 ESSFwk1 

 

A direct adjustment approach (Wilks, 1999; Hamann & Wang, 2006) was used to create 

climate change scenarios from the selected historical climate data and global climate 

model (GCM) predictions for each location within the study region. Monthly outputs 

from six GCM-emission scenario combinations were obtained from the Pacific climate 

impacts consortium (2011). The predicted changes in climate for the San Jose 

Watershed are summarized in Figures C1 to C4. The six climate change scenarios were: 

High Climate Change (HCC): 

 UKMO_HADGEM1  A1B-run1   

 MIROC32_HIRES A1B-run1   

 UKMO_HADCM3 A1B-run1  

Low Climate Change (LCC): 

 UKMO_HADCM3  B1-run1   

 CCCMA_CGCM3 B1-run1   

 MRI_CGCM232A  B1-run1  
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Figure C1. Mean predicted change in mean annual temperature under HCC. 

 

Figure C2. Mean predicted change in annual precipitation under HCC. 
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Figure C3. Mean predicted change in mean annual temperature under the LCC. 

 

Figure C4. Mean predicted change in annual precipitation under LCC. 

The soil-water component of TACA was parameterized from plot data contained with 

the Biogeoclimatic Ecosystem Classification Database (BECdb) provided by the 

Ministry of Forests and Range.  Plot data that contains rooting zone depth, soil texture 

and coarse fragment percentage classes for the ecosystems found within the study 

region. The plot data was used to generate typical soil profiles for multiple edaphic sites 

in each ecosystem (Table C2).  

  

0.0 

1.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

Spring Summer Autumn Winter 

C
h

a
n

g
e

 in
 T

e
m

p
e

ra
tu

re
 (

C
) 

2020s 

2050s 

2080s 

-40.0% 

-30.0% 

-20.0% 

-10.0% 

0.0% 

10.0% 

20.0% 

30.0% 

Spring Summer Autumn Winter 

P
re

ce
n

t 
C

h
a

n
g

e
 in

 S
e

a
so

n
a

l 
P

re
ci

p
it

a
ti

o
n

 

2020s 

2050s 

2080s 



 

76 Adapting to Climate Change in the San Jose Watershed 

Table C2. Soil Parameters used in modelling. Rooting zone depth (RZ) in meters and 

coarse fragment content (CF) in percent. 

 IDFxm Xeric 
sub-
xeric 

Submesic Mesic SubHygric 

Texture LS LS SL L SiL 
RZ 0.25 0.55 0.45 0.50 0.40 
CF 0.50 0.30 0.25 0.25 0.20 
      

 IDFdk3 Xeric 
sub-
xeric 

Submesic Mesic SubHygric 

Texture SL SL SL L SiL 
RZ 0.20 0.25 0.30 0.36 0.36 

CF 0.60 0.40 0.30 0.20 0.15 
      

 SBPSmk Xeric 
sub-
xeric 

Submesic Mesic SubHygric 

Texture S LS SL L CL 
RZ 0.15 0.20 0.20 0.22 0.25 
CF 0.40 0.50 0.40 0.25 0.32 
      

 SBSdw1 Xeric 
sub-
xeric 

Submesic Mesic SubHygric 

Texture LS LS SL L CL 

RZ 0.25 0.40 0.45 0.45 0.30 
CF 0.4 0.35 0.35 0.250 0.15 
      

 SBSdw2 Xeric 
sub-
xeric 

Submesic Mesic SubHygric 

Texture LS LS SL L CL 
RZ 0.25 0.35 0.45 0.41 0.40 
CF 0.6 0.45 0.402 0.25 0.15 
      

 SBSmc1 Xeric 
sub-
xeric 

Submesic Mesic SubHygric 

Texture LS LS SL L CL 

RZ 0.25 0.30 0.33 0.35 0.25 
CF 0.60 0.50 0.34 0.25 0.15 
      

 ESSFwk1 Xeric 
sub-
xeric 

Submesic Mesic SubHygric 

Texture LS LS L SiL SiCL 
RZ 0.15 0.25 0.34 0.40 0.25 
CF 0.7 0.60 0.29 0.15 0.05 
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TACA and TIPSY 

The TACA model was used to assess the suitability of the region for local tree species in 

the future.  An assumption was made that any change in suitability would result in a 

change in productivity and survival.  The outputs from the TACA model were used to 

develop climate modifiers standardised to the historical climate conditions. The climate 

modifier was then applied to TIPSY predictions of stand productivity (volume) over 

time.   

Fire Risk 

Fire risk was assessed following Nitschke & Innes (2008b).  Landscape-level fire risk was 

determined by calculating the fire severity and behaviour ratings under observed 

climate and climate change scenarios using the Forest Fire Weather Index Component 

(Van Wagner, 1987) and the Forest Fire Behaviour Prediction System (see Hirsch, 1996) 

of the Canadian Forest Fire Danger Rating System (CFFDRS).  As a non-linear 

relationship exists between the fire danger rating predicted by the FWI and the control 

effort required to suppress a fire (Van Wagner, 1987), the FWI was therefore converted 

to the daily severity rating (DSR). By using the DSR instead of the FWI it is possible to 

average severity ratings between stations in a given spatial location and between time 

periods (Van Wagner & Pickett, 1985; Van Wagner, 1987).  Changes in the DSR between 

current and climate change scenarios were used to infer changes in the area burned and 

fire return interval for each dominant ecosystem. The relationship between fire 

weather severity and burned area is typically linear (Flannigan & Van Wagner, 1991) so 

this relationship was assumed to be true for the study area.   

Selected Results  

The TACA modelling identified that species will respond both positively and negatively 

to climate change in the research area. Change in suitability is a measure of change 

from the current or historical suitability with metrics less than 0 (o to -1) reflecting 

losses in suitability. Minus one means a complete loss and the species will likely be 

unable to regenerate or grow in the future. A score from zero to one reflects an increase 

in suitability which suggests that species will both regenerate and grow better in under 

the future climate. Suitability scores are capped at one however for some species 

suitability does increase by 3 to 4 fold or greater. 

Figures C5-C15 illustrate the response of several forest species to climate change in the 

San Jose watershed.  
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Figure C5. Response of Douglas-fir across three site types and three climate change 

periods 

 

Figure C6: Response of lodgepole pine across three site types and three climate 

change periods.  
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Figure C7: Response of interior spruce across three site types and three climate change 

periods.  

 

Figure C8: Response of subalpine fir across three site types and three climate change 

periods.  
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Figure C9: Response of trembling aspen across three site types and three climate change 

periods.  

 

Figure C10: Response of paper birch across three site types and three climate change 

periods.  
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Figure C11: Response of black cottonwood across three site types and three climate change 

periods.  

 

Figure C12: Response of western larch across three site types and three climate change 

periods.  
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Figure C13: Response of ponderosa pine across three site types and three climate change 

periods.  

 

Figure C14: Response of western red cedar across three site types and three climate change 

periods.  
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Figure C15: Response of western hemlock across three site types and three climate change 

periods.  

The species responses were used to develop climate modifiers to apply to TIPSY 

outputs. Figure C16 illustrates the impact that climate change may have on Douglas-fir 

productivity in the IDF ecosystems (IDFxm and IDFdk3 combined). Figure C17 illustrates 

the impact that climate change may have on lodgepole pine productivity in the SBS and 

SBPS ecosystems. 
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Figure C16: Potential impact of high climate change on Douglas-fir productivity and 

abundance in the IDF ecosystems of the San Jose Watershed. Climate change 

impacts begin in year 10.   

 

Figure C17: Potential impact of high climate change on lodgepole pine productivity 

and abundance in the sub-boreal ecosystems of the San Jose Watershed. Climate 

change impacts begin in year 10.   

The results of the fire risk analysis for the San Jose watershed under high climate 

change suggest that the mean fire interval across all ecosystems may decrease and 

area burned per year may increase.  Tables C3 and C4 summarize the findings on the 

modelling.  
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Table C3: Mean Change in Fire Return Interval under High Climate Change 

Scenarios 

 HRVi 2020s 2050s 2080s 

IDFxm 50 43 36 31 

IDFxm_SR* 200 170 143 125 

IDFdk3 50 43 35 31 

IDFdk3_SR* 200 169 139 122 

SBPSmk 125 104 84 72 

SBSdw 125 105 85 73 
*: SR = Stand Replacing Fire 
I: HRV+ Historical Range of Variation based on BEC Guidebook 

 

Table C4: Mean Change in Area Burned Per Year (%) under High Climate Change 

Scenarios 

 HRVii 2020s 2050s 2080s 

IDFxm 1.98% 2.33% 2.79% 3.19% 

IDFxm_SR 0.50% 0.59% 0.70% 0.80% 

IDFdk3 1.98% 2.33% 2.79% 3.19% 

IDFdk3_SR 0.50% 0.59% 0.72% 0.82% 

SBPSmk 0.80% 0.96% 1.19% 1.39% 

SBSdw 0.80% 0.96% 1.18% 1.37% 
ii
: Area burned per year based on the cumulative age distribution using negative exponential equation 

with return interval of X years. The percentage greater than age t = exp(-[t/b]), where b is the average 

return interval. 
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Appendix D: Forest Landscape and DYNAplan model Results 

Results of Dyna-Plan simulation for San-Jose watershed area 

Parameters of simulation: 

1. Two scenarios: No-Climate-Change, High-Climate-Change. 
2. Model constraint of base AAC = 65,000m3; salvage AAC can be at any level.Base 

AAC is how much the model is allowed to harvest in healthy stands unaffected 
by fire.  

3. Old-growth retention constraint is 11% of forested area. 
4. The model runs for 100 years. Output every 10 years. 
5. Probability of fire size distribution follows historical fire size distribution from 

provincial GIS data by using exponential fire size distribution and using the 
mean of historical fire sizes.  

 
We decided to separate the fire size distribution by fires smaller than 1000ha and fires 

larger than 1000ha. This number seems like a logical number to differentiate between 

fires that can be suppressed by firefighters and the fires that can’t be suppressed. 

Fire percentage per eco-zone follows the fire return intervals described in Appendix C, 
but BEC zones SBS and SBPS were united (refer to modeling methodology for details.) 
 

 

Figure D1. EcoZones for fire simulation. Green is IDF zone and orange is SBS and 
SBPS zones. White spots are non-forested areas. 
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Figure D2. BEC zones.   
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Figure D3. Managed and protected forest. Green is for managed areas, brown are 
non-managed zones. 
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Figure D4. Elevation Map in meters. 
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Results of the simulation 

Harvest per year (averaged from 5 model runs) 

Harvest per year is taken from harvest per decade and divided by 10. 

Base Case scenario: 

 

High-CC scenario:
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Both models Dyna-Plan and FPS show that there is not much difference in the ability to 

harvest specific amount of volume from the landscape for both scenarios. The 

differences between the scenarios are mainly due to sensitivity of the models than due 

to climate change. In case of Dyna-Plan additional sensitivity is due to stochastic nature 

of the model (even though we tried to smooth it out by taking an average of five runs). 

Dyna-Plan also shows the separation between the harvest in healthy stands and 

salvage after fire. One would expect to see some difference in salvaged volume due to 

differences in fire regime between Base Case and high-CC scenario. However, even in 

salvaged volume there is no much difference between the scenarios and the difference, 

mainly due to stochastic nature of the model. 
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  Stand Ages 

NoCC HighCC 
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From the first decade of simulation the landscape was highly impacted from Pine 

Beetle epidemics and hence the large initial amount of young stands. With time old-

growth areas accumulate around the central valley. This happened due to lower 

probability of fire event in this area. In addition, it was also because the model was set 

up to manage harvest pattern to congregate old-growth areas together. As initially old-

growth areas were concentrated mainly around the valley, the model tried to minimize 

harvesting in this area. 

The fragmentation of the landscape into spots of younger stands was mainly driven by 

fire and not by harvesting. In high CC scenario fires were larger and hence had larger 

impact on forest fragmentation. 
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From growing volume maps it is easy to see that High CC scenario provides less volume 

at the end of the simulation mainly due to impact of large fires that burned more area 

as we progress with time and with climate becoming warmer.  

 

Fire related GIS information and modeling output 

 

 

GIS data of historical fires in red and San-Jose watershed simulated area in grey. 

(Red polygons are historical fire perimeters for the last 90 years) 
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No CC scenario fire simulation output for 90 years. Grey areas are forested. 
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High CC scenario fire simulation output for 90 years. Grey areas are forested. 

 

It is important to note, that the fires presented on these images are not from the same 

run as other simulated images. These model runs for fires were chosen for better 

visuals. Fire impact is not obvious from fire maps due to overlay of new fires on 

previously burned areas. It is better to explore the impact of fire on maps of age classes 

or growing volume. 
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Appendix E: Hydrologic modeling 

Data requirements 

To run a hydrologic model, three types of information are required: (1) weather data, 

particularly air temperature and precipitation, to simulate processes such as snow 

deposition and melt; (2) land cover and topographic data, to specify canopy 

characteristics and elevation, slope and aspect, which influence a range of hydrologic 

processes; and (3) streamflow data, to calibrate and/or test the hydrologic model. In 

addition, information such as snowpack water equivalent measured at snow courses or 

snow pillows can be valuable for model calibration and testing. 

Weather data 

There are several weather stations within and near the San Jose watershed. 
While more than one station could be used as input to a hydrologic model, only 
the Williams Lake Airport station (A1098940) was used because it had a long, 
consistent period of record, and the use of a single station simplified the 
downscaling from General Circulation Model output to generate future climate 
scenarios. An examination of precipitation records from several stations 
indicated that the Williams Lake Airport station is reasonably representative of 
the entire watershed, supporting its use as the sole weather station for model 
input. 

Land cover and topographic data 

Catchment topography was characterized using the provincial Terrain Resource 

Information Management (TRIM) digital elevation model, which has a spatial resolution 

of 20 m. Current forest cover was derived from the Vegetation Resource Inventory (VRI) 

data base.  

Streamflow data 

Water Survey of Canada has operated five streamflow gauging stations in the study 

catchment (Figure E1). However, all of the streamflow records are influenced by water 

withdrawals for domestic, agricultural and industrial uses. As a result, measured 

streamflow should under-represent the natural flow regime (i.e., what the streamflow 

would be in the absence of abstractions).  Based on data from BC Ministry of 

Environment, licensed withdrawals are about 30% of the recorded streamflow.  
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Unfortunately, there is no information available on the actual (as opposed to licensed) 

quantities or timing of withdrawals. In addition, the weir on Borland Creek Below Valley 

Creek (WSC station MC039) has periodically been modified by a water licensee for use 

as an intake point for an irrigation system (Figure E2), adding to the unreliability of the 

streamflow data for that station. Model calibration focused on three stations with 

relatively long, complete records (Table E1). 

Table E1. Stream gauging stations used for model calibration. 

Station name Station 

number 

Drainage area 

(km2) 

Period of 

record 

Abbreviation 

on figures 

Williams Lake River at 

Outlet of Williams Lake 

08MC005 2240 1928-1996 mc005 

Borland Creek Below 

Valley Creek 

08MC039 192 1984-2010 mc039 

San Jose River Above  

Borland Creek 

08MC040 1990 1984-2210 mc040 

 

 

Figure E1. Streamflow gauging stations operated by Water Survey of Canada within the 

study area. The different colours indicate the drainage areas for each gauge. 
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Figure E2. The Water Survey of Canada weir on Borland Creek, looking upstream, showing 

a barrier installed by a water licensee to raise the water level at the intake to an irrigation 

system (photo credit: Dave Hutchinson, Environment Canada) 

Snow data 

None of the snow courses or snow pillows operated by BC Ministry of Environment 

were located within the San Jose catchment. The nearest pillow site, located on Mount 

Timothy, is located at a substantially higher elevation than the highest point in the 

catchment, and is, therefore, unrepresentative. 

Pat Teti (2009) conducted snow surveys at five sites located about 50 km outside the 

catchment boundary but at elevations similar to those within the San Jose catchment. 

Due to the unique structure of the YAM modelling platform, we were able to use these 

data to assist in model calibration and testing despite the fact that they are not within 

the catchment boundaries. 

Choice of hydrologic model 

A plethora of hydrologic models is available with a range of capabilities and levels of 

complexity (see review by Beckers et al., 2009). In general, more complex models 

require greater amounts of input data and are also more costly to set up and run in a 
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specific application. For making predictions or projections regarding the effect of 

environmental changes on hydrology, it is desirable to use a model that is strongly 

based on physical principles and laws in preference to models that use empirical 

relations with coefficients that have to be calibrated (i.e., adjusted) to make the model 

fit site-specific data (Beckers et al., 2009). 

A number of previous studies of the effects of forest harvesting on hydrology in British 

Columbia have employed the Distributed Hydrology-Soil-Vegetation Model (DHSVM) 

in both interior and coastal catchments (Beckers and Alila, 2004; Schnorbus and Alila, 

2004; Thyer et al, 2004; Luo et al., 2006). While DHSVM has a strong physical basis, it 

was deemed not to be appropriate for the current study for three main reasons: the lack 

of input data required to run the model (particularly wind speed and solar radiation); 

the long computer run times, which limit the ability to conduct an assessment of the 

uncertainties in model prediction using the commonly applied Generalized Likelihood 

Uncertainty Estimation (GLUE) procedure (Beven and Freer, 2001); and the fact that 

DHSVM cannot represent wetlands, particularly when they are disconnected from the 

stream network. 

For this study, the YAM modelling platform was chosen. Georg Jost, Dan Moore, and 

David Hutchinson developed it. The motivation underlying the development of YAM is 

to allow the modelling of the impact of landscape changes on streamflow with minimal 

data and parameter requirements. As a modelling platform, YAM can be configured to 

run at a range of spatial resolutions and offers the option of choosing among a range of 

process representations (e.g., how the model simulates the interception of snow by a 

forest canopy). In this way, it can be tailored to provide a model set-up that is 

appropriate to the needs of the study and the availability of input data. 

Model setup and process representation 

For the current study, the model needed to be computationally efficient to allow for the 

hundreds to thousands of model runs required for a GLUE analysis of uncertainty. It 

also needed to be able to simulate forest hydrology processes using simplified 

representations of forest canopy characteristics that are readily available from the BC 

VRI or output from growth and yield models (e.g., using canopy closure and stem 

density) rather than values such as leaf area index, as used in DHSVM, but which is not 

readily available in the VRI or output from growth and yield models. Finally, and 

critically, the capability for modelling disconnected wetlands was incorporated into 

YAM to meet the specific needs of this study.  
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As set up for this study, YAM employed a Grouped Response Unit (GRU) approach to 

represent the spatial variability in climate, topography and vegetation type. In the GRU 

approach, the catchment is first characterized as a set of grid points. For each grid 

point, the elevation, slope, aspect and land cover are derived from digital maps. The 

grid points are then grouped into classes having similar attributes. The GRU approach is 

computationally far more efficient than the fully distributed approach employed in 

DHSVM because the number of GRUs is much smaller than the number of grid points, 

yet the spatial variability of processes within a catchment is still represented in a robust 

manner.  

To model the effects of forest management and forest fire, dynamic land cover was 

implemented in YAM by basing the GRU delineation on the analysis units (AU) that 

were used by FORSITE, in addition to the topographical delineation based on elevation, 

slope and aspect. This approach has the advantage that all modelling, independent of 

the land cover, is based on the same GRU discretization (i.e., GRUs do not need to be 

redefined as land cover changes). Hence, changes in stand characteristics cause by 

forest fire, harvesting, or climate change only need to be mapped to existing GRUs. The 

disadvantage of this static GRU delineation is that a single GRU cannot be too large 

because a homogeneous GRU in the present land cover, a large pine beetle infested 

area for example, could develop into several different land covers in the future. To 

ensure that the modelling can capture such a change, the maximum area of any single 

GRU was limited to 3% of the watershed area. GRUs larger than that were split. To 

minimize the amount of computation, small snippet GRUs, GRUs with an area of less 

than 20 ha, were added to the most common (modulus) GRU in a 500 m window 

centered around a cell of a snipped unit. The final GRU delineation for Williams Lake 

watershed yielded about 1000 units (Figure E3).  
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Figure E3. Discretization of land cover into General Response Units (GRUs) in the YAM 

model based on the current land cover as an example.  

YAM routes runoff from GRU units topographically downstream. The routing units are 

independent of the GRUs and are delineated based on flow accumulation and flow 

direction. Delineation of routing units is flexible and can be scaled anywhere between 

routing from pixel to pixel in a DEM (as is done in DHSVM) and no routing (i.e., a single 

linear storage response) (as in a fully lumped model). For this project, the Williams Lake 

watershed was split into 400 routing units. The outlets of two of these units were 

chosen such that they match the locations of two WSC gages. Flows at the two 

locations were output from YAM and used for model calibration.  
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Figure E4. Units used for topographic routing of water in the Williams Lake watershed. 

Snow processes such as forest canopy interception and melting were simulated using a 

model with a complexity intermediate between that of a fully empirical temperature-

index approach and a physically based energy balance model. This model has been 

tested for its application to simulate the spatial variability of snowpack water 

equivalent, including the contrast between forest and open sites, at Cotton Creek in 

southeast BC. Model results demonstrated that it performed similarly to the more 

complex snow model in DHSVM (Jost et al., 2009).  

Model calibration 

Hydrologic models are subject to a phenomenon known as "equifinality," in which a 

range of sets of model parameters can result in very similar model performance during 

calibration, but may result in divergent simulations when the model is applied to data 

outside the time period used for model calibration (Beven and Freer, 2001). To quantify 

the associated simulation uncertainty, a standard approach is to run the model multiple 

times (typically thousands) for the calibration period, and to select a subset of 

parameter sets that meet a set of performance objectives (such as limits on errors in 

predicting streamflow). In an application (e.g., projection under future climate or land 
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use conditions), the model is run using all of the selected parameter sets, resulting in a 

range of simulation results representing the effect of uncertainty in the parameter 

selection. It should be noted that even physically based models like DHSVM require 

calibration. However, GLUE-type uncertainty analyses are not commonly performed 

with DHSVM given that its relatively slow run time limits the number of simulation runs 

that can be made in a timely fashion. 

Given the uncertainty in the streamflow records due to the withdrawals, it was 

inappropriate to try to calibrate the model by trying to make the simulated streamflow 

hydrograph as close as possible to the observed data. Instead, we assumed that, given 

the inherent uncertainty in streamflow data and the withdrawals, the "actual" 

streamflow (i.e., in the absence of withdrawals and measurement error) should range 

from 5% less than observed to 30% greater than observed. Therefore, we judged the 

performance of each parameter set based on the number of days that simulated 

streamflow lay in the range of 95% to 130% of the recorded value for the three gauging 

stations used for calibration. Of those parameter sets, we accepted only those that also 

provided an acceptable fit to the snow survey data at Teti's sites. 

Figures E5 and E6 show that the model was capable of simulating flows for San Jose 

River above Borland Creek (mc040) reasonably well, as well as flows for Williams Lake 

River at the Outlet of Williams Lake. However, there is poor agreement between 

simulated and recorded flows for Borland Creek below Valley Creek (mc039), with the 

model greatly underpredicting flows during the spring-summer period. While this 

underprediction could be a shortcoming of the model, this pattern of error is consistent 

with the effect of erecting a barrier across the weir, as illustrated in Figure E2.  

Figure E7 compares simulated and observed snowpack water equivalent for five sites 

monitored by P. Teti near (but not within) the San Jose watershed (Teti, 2009). The 

level of agreement at four of the sites is visually similar to that achieved in other studies 

(e.g., Thyer et al., 2004), but the model underpredicts snow accumulation by up to 50% 

at station M01. It is difficult to diagnose the cause of this simulation error with 

certainty, but it could, in part, be due to some unusual feature of the site: despite being 

a forest site, it accumulated more snow than a nearby clearcut (Teti, 2008). 
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Figure E5. Observed and simulated daily streamflow for three WSC gauging stations. Note 

that there are no recorded data for station 08MC005 (labeled mc005 on graph) from 1997 

on. The simulated values are for the best parameter set, and the observed data include the 

assumed uncertainty range in the streamflow data (95% to 130% of recorded flow). The 

grey area represents baseflow as simulated by the slow reservoir component of the model. 
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Figure E6. Observed and simulated daily streamflow for the San Jose River above Borland 

Creek. The simulated values are based on all the parameter sets selected through the 

calibration procedure, and the observed data include the assumed uncertainty range in the 

streamflow data (95% to 130% of recorded flow).  
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Figure E7. Observed (dots) and simulated (red lines) snowpack water equivalent (mm) for 

five sites monitored by Teti (2009). 
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STREAMFLOW RESPONSE TO LAND-USE AND CLIMATE SCENARIOS 

Sensitivity to land cover change under current climatic conditions 

To assess the sensitivity of the San Jose watershed to land cover change over the 

historic period (i.e., current climate), the model was run for the historic period with 

three land cover scenarios: (1) current land cover, (2) open land cover (all existing forest 

converted to open), and (3) forest (all beetle-killed forest converted to healthy forest, 

but all open areas and wetlands left as such). As can be seen in Figure E8, conversion of 

all forest to open land cover would shift the entire distribution upwards while 

converting dead forest to healthy forest would shift the upper portions of the 

distribution downward, with relatively small effect on the most extreme low-yield 

years. 

 

Figure E8. Boxplots of mean annual streamflow for historic climate under three 

land-cover scenarios (see accompanying text for descriptions of land cover). 

Figure E9 compares mean monthly flows under different land-cover scenarios for 

historic climate. The "Runs" scenario represents the baseline used in the Dynaplan runs, 

which differs from current land cover used in the hydrologic model calibration. Under 

the extreme scenario of total conversion to open land cover, flows are higher 

throughout the year, beginning with an earlier onset to spring melt, higher peak runoff 

in April and May, and higher flows through the summer-autumn-winter recession. For 

the three scenarios involving different amounts and states of forest cover, the 

differences are most marked during the main melt period (April and May), with 

convergence to similar flow levels by December. 
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Figure E9. Mean monthly streamflow under historical climate conditions for 

different land-cover simulations. 

Sensitivity to land-cover change under the low-emissions climate scenario 

Figures E10 to E12 summarize changes in annual runoff under the low emission 

scenario for the three time slices (2020s, 2050s, 2080s). There is a clear bias among the 

GCMs, with CGCM3 projections having the highest and HADCM3 the lowest yields for 

all land cover scenarios and time slices. In fact, CGCM3 projects increases in water yield 

for all land-cover scenarios by the 2080s.  

For monthly flows in the 2020 time slice (Figure E13), projections based on CGCM3 

indicate increased streamflow during all land-cover scenarios in January through 

March, following by decreased flows in April through July. Through the 2050 and 2080 

time slices (Figures E14 and E15), projections based on CGCM3 indicate a general 

upward shifting, with greater flow increases in winter and less severe decreases or even 

slight increases in summer. Projections for the other two GCMs indicate decreased 

flows throughout the year in the 2020 time slice, with the greatest decreases in April 

and May. The decreases in flow become less severe in the 2050 and 2080 time slices, 

with winter flows (January to March) shifting to increases over the baseline.  

Over the 2020s and 2050s, all GCM and land-cover scenarios indicate decreased flows 

during the warm season. By the 2080s, the Dynaplan runs indicate decreased warm 

season flows for all GCMs, but the current, open and forest land-cover scenarios with 

CGCM3 output indicate slight increases in June and July. Projections based on the 
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Dynaplan runs indicate more severe declines in warm-season streamflow than the 

other scenarios for all time slices and GCMs. 

 

Figure E10. Boxplots of annual yield under the low emission scenario for the 2020 

time slice for six land-cover scenarios and three General Circulation Models. 

 



 

113 Adapting to Climate Change in the San Jose Watershed 

 

Figure E11. Boxplots of annual yield under the low emission scenario for the 2050 

time slice for six land-cover scenarios and three General Circulation Models. 
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Figure E12. Boxplots of annual yield under the low emission scenario for the 2080 

time slice for six land-cover scenarios and three General Circulation Models. 
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Figure E13. Changes in monthly streamflow from the historic baseline for the low 

emission scenario and the 2020 time slice. 

. 
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Figure E14. Changes in monthly streamflow from the historic baseline for the low 

emission scenario and the 2050 time slice. 
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Figure E15. Changes in monthly streamflow from the historic baseline for the low 

emission scenario and the 2080 time slice 

Sensitivity to land-cover change under the high-emissions climate scenario 

Under the high-emissions scenarios, there is a general tendency for decreased annual 

yield for all land-cover scenarios and time slices (Figures E16 to E18). The key 

exceptions are the scenarios based on the MIRO GCM output, which indicate an 

upwards shift in annual yield for all land-cover scenarios by the 2080s. For all time 

slices, GCMs and land-cover scenarios, there is a decrease in flows from April through 

the autumn. In winter, all projections indicate a shift to higher flows in winter, with an 

increasing magnitude from the 2020s through the 2080s. Winter flow increases are 

most pronounced for the MIRO GCM scenarios.  

Similar to the low-emission scenarios, the Dynaplan land-cover runs indicate greater 

decreases in annual flow than the other land-cover scenarios for the 2020 time slice. 

However, this contrast tends to become smaller in the 2050 and 2080 time slices 

(Figures E19 to E21). 
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Figure E16. Boxplots of annual yield under the high emission scenario for the 2020 

time slice for six land-cover scenarios and three General Circulation Models. 
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Figure E17. Boxplots of annual yield under the high emission scenario for the 2050 

time slice for six land-cover scenarios and three General Circulation Models. 
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Figure E18. Boxplots of annual yield under the high emission scenario for the 2050 

time slice for six land-cover scenarios and three General Circulation Models. 
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 Figure E19. Changes in monthly streamflow from the historic baseline for the HCC 

and the 2020 time slice. 
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Figure E20. Changes in monthly streamflow from the historic baseline for the HCC 

scenario and the 2050 time slice. 
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Figure E21. Changes in monthly streamflow from the historic baseline for the HCC 

scenario and the 2080 time slice. 
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Appendix F: Available resources 

Policies 

British Columbia’s provincial Water Plan, Living Water Smart, emphasizes the need to 

“design our communities to adapt to our changing climate while thinking long term to 

revitalize our natural systems.” Planning at the watershed level can be used to prepare 

for the impacts of climate change on communities, and minimize the experience of 

negative effects. Living Water Smart also directs the provincial government to protect 

ecological values, recognize flow requirements for aquatic life, and regulate 

groundwater use in priority areas. More information about Living Water Smart is 

available on the B.C. Government website (http://www.livingwatersmart.ca/). 

The B.C. Ministry of Environment also released Preparing for Climate Change – British 

Columbia’s Adaptation Strategy in February 2010. The document proposes that, in order 

to prepare for the impacts of climate change, it is necessary to build a strong 

foundation of knowledge and tools, integrate adaptation into government business, 

and assess risks and implement actions in key climate-sensitive sectors. The policy is 

available on the Livessmart BC website 

(http://www.livesmartbc.ca/attachments/Adaptation_Strategy.pdf). 

In February 2012, the B.C. Ministry of Forests, Lands and Natural Resource Operations 

completed its Forest Stewardship Action Plan for Climate Change Adaptation 2012-2017. The 

policy offers a sector-specific interpretation of the provincial Adaptation Strategy, and creates 

a vision for managing B.C.’s forests to provide a suite of goods and services for the benefit of 

society. It also establishes a goal of fully integrating climate change into provincial forest 

management policy by 2017. The policy is available on the Ministry website 

(http://www.for.gov.bc.ca/ftp/HFP/external/!publish/ClimateChange/Adaptation/MFLNR_CCAd

aptation_Action_Plan_2012_final.pdf). 

Legislation 

The provincial Water Act is the primary piece of legislation governing water use in 

British Columbia, and includes both surface water and groundwater. Sections of the 

Water Act also apply to dike safety, drainage ditches, and water-related utilities. The 

Water Act is currently undergoing modernization, which is expected to result in the 

creation of a new draft Water Sustainability Act by late 2012. 

Several other pieces of federal and provincial legislation also influence water use and 

water quality in the province. Additional information about legislation of water-related 

issues and management is available online from the Ministry of Environment, Water 

Stewardship Division (http://www.env.gov.bc.ca/wsd/water_rights/index.html). 

http://www.livingwatersmart.ca/
http://www.livesmartbc.ca/attachments/Adaptation_Strategy.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/ClimateChange/Adaptation/MFLNR_CCAdaptation_Action_Plan_2012_final.pdf
http://www.for.gov.bc.ca/ftp/HFP/external/!publish/ClimateChange/Adaptation/MFLNR_CCAdaptation_Action_Plan_2012_final.pdf
http://www.env.gov.bc.ca/wsd/water_rights/index.html
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Publications 

Climate change is one of several challenges that communities must manage. At the 

same time as climate change is occurring, other factors must also be considered, such 

as population growth, economic development, resource management, and 

environmental stewardship. Rethinking Our Water Ways, a publication by the Fraser 

Basin Council, offers guidance to BC communities on water and watershed planning to 

manage the effects of climate change in conjunction with other challenges.  

Rethinking Our Water Ways highlights several water-related planning tools that can be 

used by communities to explore and integrate multiple planning challenges, including 

water supply & demand, drinking water quality, and land & watersheds. 

Water supply & demand: 

 Water Conservation Plans 

 Drought Management Plans 

 Water Use Plans 

 Water Allocation Plans 

Drinking water quality: 

 Well/Aquifer Protection Plans 

 Source Water Assessments and Assessment Response Plans 

 Drinking Water Protection Plans 

Water, land & watersheds: 

 Water Management Plans 

 Watershed Management Plans 

 Rainwater and Stormwater Management Plans 

NRCan has developed a guide for Canadian municipalities seeking to adapt to climate 

change. Adapting to Climate Change: An Introduction for Canadian Municipalities 

includes an introduction to adaptation, considerations for decision-making, and case 

studies from municipalities across Canada. The guide can be found on the NRCan 

website (http://www.nrcan.gc.ca/earth-sciences/climate-change/community-

adaptation/municipalities/373) 

ESSA Technologies, a private consultancy, has also produced a report that explores 
vulnerability of freshwater fish habitats in the Cariboo-Chilcotin Region to climate 
change and potential adaptation strategies. “Evaluating the vulnerability of freshwater 
fish habitats to climate change and identifying regional adaptation strategies in the 
Cariboo-Chilcotin Region” (2010) was commissioned by the Fraser Salmon and 

http://www.nrcan.gc.ca/earth-sciences/climate-change/community-adaptation/municipalities/373
http://www.nrcan.gc.ca/earth-sciences/climate-change/community-adaptation/municipalities/373
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Watersheds Program, which is managed by the Pacific Salmon Foundation and the 
Fraser Basin Council.  

Web-based tools 

The BC Government’s “ReTooling for Climate Change” website (www.retooling.ca) 

provides generic methodologies to identify regional impacts, vulnerabilities, and risks 

of climate change, as well as planning processes to address these.  

The Pacific Climate Impacts Consortium’s “Plan2Adapt” website (http://plan2adapt.ca) 

offers projections of climate parameters including temperature, precipitation, snowfall, 

growing degree days, and frost-free days for regional districts across British Columbia. 

The website can also be used to generate maps, graphs, and text summarizing the 

effects of climate change. 

Communities 

Several B.C. communities have taken action on planning for and adapting to climate 

change.  

The District of Elkford conducted a detailed risk assessment to identify climate-related 

risks and potential impacts on the community and develop an adaptation plan, which 

was subsequently integrated in their Official Community Plan. Their Climate Change 

Adaptation Strategy can be found on their website 

(http://www.elkford.ca/include/get.php?nodeid=93). 

The City of Kimberley held a series of five workshops to identify priority areas for 

adaptation. Working groups were created to explore each of these areas in detail and 

provide recommendations for action. Adapting to Climate Change in Kimberley, BC 

includes a summary of the project and resulting recommendations 

(http://www.city.kimberley.bc.ca/files/%7BAA9A4E7A-2DBE-498D-9839-

A85A61E7DBEB%7DFinalReport-June30-LowRes.pdf). 

Organizations 

The Federation of Canadian Municipalities (FCM) operates the Partners for Climate 

Protection Program , which offers information to municipalities seeking to reduce 

greenhouse gas emissions and adapt to climate change. FCM offers an online course, 

“Adapting Your Infrastructure to Climate Change”, as well as case studies of members’ 

actions.  

Several non-government organizations exist to manage watersheds within British 

Columbia, with each organization taking a different approach. Some of these groups 

focus on grassroots efforts and initiatives, while others have worked with municipal, 

http://www.retooling.ca/
http://plan2adapt.ca/
http://www.elkford.ca/include/get.php?nodeid=93
http://www.city.kimberley.bc.ca/files/%7BAA9A4E7A-2DBE-498D-9839-A85A61E7DBEB%7DFinalReport-June30-LowRes.pdf
http://www.city.kimberley.bc.ca/files/%7BAA9A4E7A-2DBE-498D-9839-A85A61E7DBEB%7DFinalReport-June30-LowRes.pdf
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regional, provincial, federal, and First Nations governments to implement plans and 

policies.  

These organizations include the following: 

 Cowichan watershed board (http://www.cowichanwatershedboard.ca/) 

 Convening for Action on Vancouver Island (CAVI) 

 Okanagan Basin Water Board (OBWB)( http://www.obwb.ca/) 

 Elk River Alliance 

 Fraser Basin Council 

 Kettle River Watershed Management Committee 

 Bonaparte Watershed Stewardship Society 

 Salmo Watershed Streamkeepers Society 

 Columbia Basin Trust 

 Columbia Basin Network 

 Arrowsmith Watershed Coalition Society 

 Lake Windermere Ambassadors 

 Fraser Salmon and Watersheds Program 

 Slocan Lake Stewardship Society 


