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Guide for Assessment of Hydrologic Impacts of Climate 
Change

MNR in partnership with MOE and 
Credit Valley Conservation

Guide Contents:
• Background on Observed and Projected 

Climate Change
• Global Climate Change Models (GCMs) 

and GHG Emission Scenarios
• Methods for Developing Local Climate 

Future Climate Data Scenarios
• Summary of Potential Hydrologic Impacts of 

Climate Change
• Step by Step Climate Change Impact 

Assessment and Case Study

Presenter
Presentation Notes
In 2008, the MNR and MOE in partnership with Credit Valley Conservation developed the “Guide for Assessment of Hydrologic Effects of Climate Change in Ontario, 2010”. The Guide contains a scientific and consistent approach to conduct climate change assessments based on the International Panel Climate Change reports. 

The Guide outlines a summary of climate change science, methods for developing future climate data scenarios, a summary of potential hydrologic impacts of climate change and a step-by-step approach to conducting climate change assessments using subwatershed/local area water budgets 

The Guide also contains a case study to provide guidance to quantify the changes in the hydrologic regime on a subwatershed/local area spatial scale.

The Guide was prepared to address issues and recommendations made by the Premier’s Expert Panel on Climate Change Adaptation to explicitly incorporate climate change in the DWSP program. 
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Guide for Assessment of Hydrologic Impacts of Climate Change

Step by Step Climate Change
Impact Assessment

Guide Section 6 Contents:
Define Problem

Select Methods

Model Setup and Testing

Select Clim ate Scenarios

Dev elop Future Local Clim ates

Assessm ent of Im pacts

Recom m endations /Follow-up

6.1

6.2

6.3

6.4

6.5

6.6

6.7
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Guide Applications?
• DWSP Subwatershed Hydrologic Subwatershed Stress and Local Area Water Supply 

Risk Assessments

• PTTW , Aggregate and Land Development Cumulative Impact Assessments

• Integrated Watershed Management

• Drought Management Planning

• Water Reservoir Operations for Hydropower and Recreation

• Ecosystem Impacts and Quantitative Flow and Water Level Targets

• Water Supply, Effluent and Infrastructure Strategies

• Water Conservation Strategies

• Natural Hazard Delineation

• Data and Knowledge Gaps and Environmental Monitoring
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Future Climate Change Data Sets 
(www.waterbudget.ca)

Provide a WEB Tool for practitioners to 
obtain future climate change data 
sets to implement the methodology 
outlined in Guidance Document

Objectives
• Develop a database containing future 

Climate Change Data Sets for the full 
range of future scenarios

• Future climate data sets developed 
through

• Change Field Approach
• Other downscaling techniques

• Facilitate the selection of future 
climate scenarios as per the 
percentile approach

Presenter
Presentation Notes
In support of The Guide, MNR in 2010 undertook a project to standardize and automate the process of creating future climate data emission scenarios based on global and regional climate models. 

The outcome of the project is a WEB Application that allows organizations to download future climate data series that can be used in the subwatershed/local area water budgets to assess the hydrologic effects of climate change. 
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Future Climate Change Data Sets 
(www.waterbudget.ca)

• Gridded GCM projections downloaded 
from Canadian Climate Change 
Scenarios Network  www.cccsn.ca

• Change Fields calculated and applied to 
existing climate data for all 339 climate 
stations
– 27 GCM runs
– Up to 3 emission scenarios
– 2020’s, 2050’s and 2080’s

• Weather generator output (4 GCMs & 3 
emission scenarios)

• Regional Climate Model output

http://www.cccsn.ca/
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Online Data Distribution 
(www.waterbudget.ca)

• Large Database
• 350,000,000 records
• Physical distribution 

database not feasible
• Web-based application

• Allow users to 
download future 
climates for a 
particular station

• Pre-selects future 
climates as per the 
percentile approach
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MOE RAC CC Training



9
9

MOE Source Water Protection RAC

• MOE’s Source Protection Programs Branch 
partnered with York University and the Toronto 
and Region Conservation Authority (TRCA).

• Source Water Program RAC Work Components 
consist of:
– Expert Network
– Monitoring and Verification
– Risk Management Measures
– Training
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Module A

• Ch. 1: Overview and 

 explanation of The Guide and 

 rationale for assessing 

 climate change 
• Ch. 2: Use of climate change 

 assessments in the Clean 

 Water Act in Ontario 
• Ch. 3: Science on relationship 

 between climate change and 

 hydrology/water resources
• Ch. 4: Understanding and 

 managing the uncertainty of 

 predicting future climates
• Ch. 5: Predicting climate 

 change locally –

 

procedures 

 for downscaling

Presenter
Presentation Notes

The MOE - RAC Training Consist of:

Module A: Science…the first 5 Chapters of the GUIDE
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Module B

• 7 steps to conducting a 

 hydrologic impact 

 assessment of climate 

 change:
• Step 1: Definition of 

 Modelling

 

Problem
• Step 2: Selection of 

 Methods
• Step 3: Model Setup and 

 Testing
• Step 4: Selection of 

 Climate Scenarios for 

 AssessmentStep

 

5: 

 Develop Future Local 

 Climates
• Step 6: Assessment of 

 Modelling

 

Results
• Step 7: Recommendations

Done using Future 

 
Climate Datasets tool on 

 
www.waterbudget.ca

 

Done using Future 

 
Climate Datasets tool on 

 
www.waterbudget.ca

Presenter
Presentation Notes
Module B: the Steps to undertake a CC Technical 	Assessment….Chapter 6 of the Guide
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Webinar and In-Person Training 
Source Water Protection Community

Webinar to present Module A
April 12

In-person training across Ontario to teach Module B:
May 1: London, Four Points Sheraton
May 3: Kingston, Radisson Hotel
May 15: Toronto, Ministry. of Health (Resources Rd.)
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Case Study
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Town of Orangeville
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2. Study Area and Background 
Subwatershed 19 – The Headwaters

Credit River Watershed (CVC)

Grand River 
Watershed (GRCA)

Nottawasaga River Watershed (NVCA)

TRCA

Subwatershed 19 
(CVC)
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Municipal Water Supply Wells

Presenter
Presentation Notes
The Towns of Orangeville and Mono rely on overburden and bedrock groundwater aquifers for all municipal water supplies.  

In the following discussions on water budget modelled outcomes, the outcomes are solely related to changes in future climates and does not include any potential impacts from land use change ie. Ops or increases in water demand.
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Presenter
Presentation Notes
Scenarios representing the percentile method statistics (i.e., 5th , 25th , 50th , 75th , and 95th percentiles) were selected. 

Quantifiable changes in the hydrologic regime can be determined by inserting the future emission scenarios into the water budget models.
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Climate Change Impact AssessmentClimate Change Impact Assessment

19

Mean Annual Streamflow

Presenter
Presentation Notes
When we compare the mean annual streamflow climate change impacts over the 30 year period, the future climate scenarios predict a change in mean annual streamflow ranging from +16% to –11% as compared to baseline conditions.  

On an individual basis, there are more future scenarios that predict an increase in mean annual streamflow than a decrease. 

Mean annual streamflow does not reflect changes in climate variability or seasonality and is therefore highly suited to analysis using only the percentile method climates, alone. 

It is noted that the change-field approach does not depict future changes to the intensity and frequency of rainfall events.  
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5. Overall Summary of Results 
HSPF – Mean Monthly Streamflow

Higher
Winter
Flows

Lower Summer Flows

Presenter
Presentation Notes
The seasonality and monthly distributions of streamflow are also significantly altered under climate change conditions.  

This aspect of hydrology is of major interest to managers as hydrologic issues and concerns may be seasonal or limited to specific periods of the year.  

This seasonal shift is due to warmer winter temperatures which lead to less snowpack and earlier spring snowmelt.  In addition, the majority of future climates projected winter streamflow increases.  

Increases in winter streamflow are primarily caused by a shift to more winter rainfall and less winter snowfall and generally more winter precipitation.
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Climate Change Impact AssessmentClimate Change Impact Assessment

21

Maximum Daily Streamflow

New Peak Events

Presenter
Presentation Notes
High flows can be represented by the maximum daily flow experienced each year, and are shown on this figure 

There is a trend toward increasing high flows, which is to be expected because the majority of future climates have higher precipitation amounts 

High flow statistics are important for reservoir storage and dam operation.

Reductions in high flows would likely be associated with reduced snowmelt occurring in spring. This is due to more frequent snowmelt events occurring throughout a warmer winter.  Several of the years show no appreciable difference in high flows between the baseline climate and the nine future climates.
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Climate Change Impact AssessmentClimate Change Impact Assessment

22

Groundwater Recharge

Higher
Winter

Recharge

Lower Spring and 
Early Summer Recharge

Presenter
Presentation Notes

	Similar to the patterns observed for monthly streamflow, the median monthly recharge is generally higher in the winter months, lower in spring and early summer, and similar for late summer and fall.

	One consequence of this change includes depressed summertime streamflow and recharge with associated ecological impacts.  




23
23

Climate Change Impact AssessmentClimate Change Impact Assessment

23

Average Monthly Groundwater Discharge

Presenter
Presentation Notes

This figure illustrates the range of mean monthly groundwater discharge rates, as well as the baseline climate.  

The majority of climate change scenarios result in monthly mean groundwater discharge that is slightly greater than the simulated monthly mean groundwater discharge under the baseline climate. 
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Tier Two Stress Levels – Groundwater
Influence of Climate Change Scenarios

Presenter
Presentation Notes
What are the implications for MOE’s DWSP program.

In subwatershed 19 of the Credit River watershed, the % Water Demand for each of the future climate scenarios range from 11% to 17% compared to the 14% estimated for the current climate and land use (base line) scenario.   

A subwatershed is classified as having a moderate potential for hydrologic stress if the % Water Demand for groundwater ranges from 10% to 20%.   The % Water Demand estimated for each of the future climate change scenarios remains within this range and as a result the subwatershed would remain in the moderate stress category for all scenarios.  

The Case Study results discussed here apply only to Subwatershed 19 and do not consider impacts from future land development or increased water demands.  In this way, the changes observed between current and future climate conditions can be entirely credited to climate change.  
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Implications for Clean Water Act 
Tier Three Drawdown at Municipal Well 5 (Current Pumping Rates)

Available Drawdown at Well 5 is approximately 8 m

Presenter
Presentation Notes
The climate change assessment of water availability to demand as compared to the baseline outcome of the water quantity risk assessment illustrates a groundwater climate change resiliency.

Discuss the chart….. 
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Water Assessment Considerations

• Trends
Trends include seasonal changes: earlier freshets, increased 
winter flows, lower summer flows and lower/higher spring 
streamflow due to changes in precipitation, snow accumulation 
and snowmelt. 

• Tools
A water budget to better understand the interaction between 
surface and groundwater to assess the cumulative hydrologic 
effects of climate change. 

• Water Use 
Who, where, why and when: permitted, non-permitted: actual 
and consumptive values
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Water Assessment Considerations

• Modelling
Spatial and temporal scales: seasonal, monthly and daily time periods 
on a subwatershed basis.
Land use: existing and future land covers.
Coupled versus Integrated Models

• Possible Outcomes
Various water management plans: Drought, Dam Operations, Water 
Demand and Supply, Conservation ect…

• Uncertainty
– Increased uncertainty in water budget components from the application 

of the GCMs-RCMs as well as estimated future land use change and 
water use.
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