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What were the main physical, biological and economic
impacts of the 2001-2002 drought?
What were the main adaptations and how effective 
were they?
Are we prepared for the next major droughts?
How can we better prepare for the next droughts?

Main QuestionsMain Questions 

??

Presenter�
Presentation Notes�
Photo:  AAFC 2001 or 2002�
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Some Economic Impacts of the Some Economic Impacts of the 
20012001--2002 Drought2002 Drought

Total Canadian agricultural 
production loss was ~$3.6 
billion 
Gross Domestic Product fell 
~$5.8 billion 
Employment losses > 41,000 
Worst year was 2002
Alberta and Saskatchewan 
were hit hardest

(Wheaton et al. 2005, 2008)(Wheaton et al. 2005, 2008)

Presenter�
Presentation Notes�


Just to use a recent comparison, 1988 drought caused an estimated agricultural production loss of $1.8 billion (1981$).



Photo source:  Bottom Photo:  PFRA�
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20012001--2002 Canadian Drought2002 Canadian Drought

Temperature (C)Precipitation (%)

Presenter�
Presentation Notes�
Saskatoon’s annual precipitation for 2001 was not only the lowest on record, but it was 30% lower than the previous driest year in the 110 year record!

This drought’s characteristics were strong persistence, intensity especially of precipitation deficit and temperature anomalies, especially of the winters



Source:  Climate Trends and Variations bulletin (http://www.msc-smc.ec.gc.ca/ccrm/bulletin/archive_e.cfm)…adapted by Bonsal 2005�
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(PFRA 2002 website)

Presenter�
Presentation Notes�
The severe drought moved northwards in the 2002 crop year…into areas that don’t normally experience such severe drought conditions.�
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Spatial Spatial 
Patterns of Patterns of 
Crop Crop 
Production Production 
in 2001 in 2001 
DroughtDrought 

((WittrockWittrock 2001)2001)



smart science solutions

Impacts of the 2001Impacts of the 2001--2002 Drought:2002 Drought: 
Water ResourcesWater Resources

Previously reliable and good 
quality water supplies were 
severely affected, and some 
failed
Records were set; e.g.,  
lowest water levels in the 
Georgian Bay Area
The number of prairie 
sloughs was the lowest on 
record in May 2002

(Wheaton et al. 2005,2008)(Wheaton et al. 2005,2008)

Person

Presenter�
Presentation Notes�
St. Mary’s Reservoir, Alberta, at 29 % capacity, August 2000 (photo courtesy of AAFC)



Source:  Wheaton et al. 2005�
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Characterize the 2001-2002 
droughts compared to the past 
and future
Increase the understanding of 
the impacts  and adaptation 
processes for the 2001-2002 
drought years
Determine the effectiveness of 
current adaptation options
Use regional studies set in AB, 
SK, ON, NS and PEI

Agricultural Drought Adaptation (ADA) Agricultural Drought Adaptation (ADA) 
Project:Project: 
Main ObjectivesMain Objectives
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Observed ShortObserved Short--Term Adaptation Strategies:Term Adaptation Strategies: 
Crop Examples Crop Examples (After (After WittrockWittrock and Wheaton 2005)and Wheaton 2005)

Technology/ 
Research

Government 
Programs

Farm Management Farm  and 
Secondary 

Industry 
Financial

Community 
cooperative 

Support

Equipment was 
modified to 
deal with 
stunted crops

Drought 
resistant crops

Crop Insurance, 
National 
Income 
Stabilization 
Account

Low interest 
loans

Disaster 
payment

Pest control
Information, e.g., 

future climate 
conditions

Cropping strategies, e.g.: 
• crop rotation 
• change seeding 

times depending 
on soil moisture  

• reseeding 
• weed and insect 

management
• crop diversification 
• drought tolerant 

species
Used unmarketable crops 

for silage or baled for 
use in livestock 
industry

Sold crops during 
shortages to 
obtain higher 
prices-- worked 
until 2003 when 
the inventory was 
low

Seed suppliers 
offered 
producers to 
take some of 
the financial 
risk of 
production 
due to 
inclement 
weather 

Presenter�
Presentation Notes�
The Information Strategies were what the various levels of government suggested to farmers to help alleviate the impacts of drought conditions.  Adaptation is important to understand as it shapes how information is used.

Print media survey - An overlooked source of information regarding adaptation processes

Allows the analyses of several characteristics including: the most commonly mentioned adaptation options; the type, time and space characteristics of adaptations; recommended vs applied options…

Avoids survey overload

Provides much information for large areas, long times

Relatively low cost compared with returns



Information derived from the media analyses�
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Technology / Research Government Programs Farm and Financial 
Management

Drought Resistant Crop development:  
canola, winter wheat, corn, spring 
wheat, forage crops

Assessment of future 
government assistance 
programs

Expansion of minimum tillage

Long-range weather forecasts Agriculture Policy Framework More efficient irrigation 
systems

Weather/climate monitoring network Agriculture Drought Risk 
Management Plan

Improved business plans

Soil moisture modelling Diversified into production, 
processing and marketing

Soil moisture conservation strategies 
to reduce soil erosion and weed 
growth
Impacts and adaptation to climate 
change

Observed LongObserved Long--Term Adaptation Strategies:Term Adaptation Strategies: 
Crop Examples Crop Examples (After (After WittrockWittrock and Wheaton 2005)and Wheaton 2005)
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Timing of Adaptation EmphasisTiming of Adaptation Emphasis 
Prairie Provinces Prairie Provinces ((WittrockWittrock and Wheaton 2005)and Wheaton 2005)

Adaptations by Year and by Province
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Presenter�
Presentation Notes�
The number of articles during 1999-2006 peaked in August 2002, indicating a peak of concern and effort regarding management of the drought impacts.  The drought was intense in 2001, but second years of drought are often more difficult to deal with as many options are depleted and perhaps shorter term.  Concern is also seasonal with troughs in winter and peaks in spring and late summer (matching timing of seeding, harvest and other water sensitive activities).�
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Most frequently identified adaptation options Most frequently identified adaptation options 
for dealing with the 2001for dealing with the 2001--2002 Drought2002 Drought

Eastern Canada Focus Groups (ON, NB, PEI, NS) adaptation options used: 
Soil conservation, no changes, and drought-tolerant crops 
The “no change/ do nothing” option indicates continuing vulnerabilities

Eastern Canada - Top 10 adaptation options (print media survey):
1. Irrigation
2. Crop insurance
3. Water Conservation
4. Ontario Low Water Response Water Response Teams (WRT)
5. Net Income Stabilization Account (NISA)
6. Canadian Farm Income Program (CFIP)
7. Water management
8. Disaster Assistance
9. Drought-tolerant/resistant crops
10. Mulch
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Where possible, an increased reliance on irrigation was the 
primary adaptation to drought, particularly for fruit and 
vegetable crops in Eastern Canada 
Small % of total agr land is irrigated in these provinces

ISSUES: 
Farmers have to obtain own water supply (not centralized), 
shallower aquifers, wells
Agriculture is not always the greatest water user in several 
watersheds (municipal, industrial) – conflicts?
Increased irrigation resulted in higher energy and labour costs
Sustainable adaptation option?

Crop production adaptations – Eastern Canada



smart science solutions

Explore the Explore the effectivenesseffectiveness 
of adaptation options in of adaptation options in 
reducing the vulnerability reducing the vulnerability 
of agricultureof agriculture

Determine the residual negative 
effects remaining after adaptation 
options are applied

Identify, organize and describe 
limitations of, and barriers to 
various adaptation options

Determine maladaptation levels by 
documenting the types of problems 
resulting from adaptation measures 
implemented

Identify innovative adaptive option 
that extend the coping range, and 
decrease the vulnerability of crop 
and livestock systems
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Innovative AdaptationInnovative Adaptation

Use of Ducks Unlimited 
land for haying and 
grazing

Growth of drought 
monitoring and 
adaptation website 
information

Monitoring and mapping 
of pasture growth and 
dugout levels

Community support

http://www.rideaulakes.net/Haywest/
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MaladaptationMaladaptation –– Examples for LivestockExamples for Livestock

Feed grown in drought situations may have high nitrate 
levels which is dangerous to livestock
Importing feed from outside the region may include 
problem weeds and insects
Low quality feed alternative may pose nutritional 
difficulties        

Photo source:  AAFC-PFRA

MALADAPTATION - when a strategy produces negative or inadequate results
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Efficiencies and InefficienciesEfficiencies and Inefficiencies
Cropping practices have greatly improved since the 1930s through
improved

technology
soil conservation
water conservation

Adaptation measures implemented in 2000 and 2001 were not as 
effective in 2002. For example, some livestock producers had enough 
feed for two years of drought but not enough for three.
Dugouts were drying out by the fall of 2000, and this trend became worse in 
2001.

Photo Source:  PFRA - Agriculture and Agri-Food Canada Web site
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Residual Negative ImpactsResidual Negative Impacts

Crops – nitrogen fertilizer not utilized during drought events

Livestock – adaptive capacity for livestock and pasture 
management was at its limit (2004)

Water – shortage problems intensified with farms becoming 
more intensive and government policy promoting value-added 
industries

Definition:  Negative impacts that 
remain after adaptation measures 
have been applied

Photo:  Nadler 2007
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Barriers to AdaptationBarriers to Adaptation

Sensitivities re water use for agriculture vs other uses

Consistent drought thresholds are needed to trigger support 
for farmers

Photo source:  AAFC-PFRA

Adaptation measures 
can be costly and 
technical

Long-range climate 
projections (drought) 
need improving

Bureaucratic difficulties 
in getting permits for water 
(ON,NB)



smart science solutions

Drought adaptations by farmers and ranchers, 
2001-2002, South Saskatchewan Basin (AB and SK) 
(Johnston 2007)

Mail-out survey
Asked: What is the current level of drought preparedness?
Responses:

Farmers and ranchers used adaptive measures
with multiple benefits and easy to use (e.g. time,$)

They are aware of current drought and the possibility of future 
risks to drought
But, the perceived risks do not appear to be sufficient to 
prompt widespread use of specific drought adaptation options
Finances seem to be a major barrier to adoption of these 
options
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NWSEP is a four-year, $60-million
Canada-wide initiative under the APF 
(PFRA). 
NWSEP focuses on assisting 
Canadian producers to address 
water concerns and develop and 
enhance long-term agricultural 
water supplies.

A positive…National Water Supply Expansion 
Program (NWSEP)
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Knowledge and learning is key to improving adaptive capacity…Don Wilhite (NDMC) says that 
drought monitoring and data collection systems are the first key steps towards better drought 
preparedness…
Monitoring, modeling, and prediction of drought 

The objective of Drought Research Initiative (DRI) is to better understand the 
physical characteristics of and processes influencing Canadian Prairie droughts, 
and to contribute to their better prediction, through a focus on the recent severe 
drought of 1999 - 2004/05.

Drought characterization - what is the nature of the hazard?
Drought impact monitoring and characterization – what is being impacted? How severe are 
the impacts?
Adaptation assessment - how can effectiveness be enhanced (e.g. institutional aspects)

Adaptation modeling - understanding the processes
Ensure drought research generates adaptation benefits (e.g. drought plans)

Next Steps?Next Steps?
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Sources/usefulness of drought information: 
Southern Ontario focus groups

Presenter�
Presentation Notes�
Farmers chose “no information” because they often found the existing drought/weather information (long-range forecasts, seasonal forecasts by Environment Canada) not useful.

Many also did not consult/use the MNR’s OLWR because the maps, data are analysis “after the event” not drought outlook/forecasting information.�
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OLWR – improvements 
and wish lists

OLWR has been reviewed by 
provincial and CA staff each year 
since 2000
Some modifications have been 
made since ADA study period 
(2001-2002)
Since 2003

biweekly indicator maps
confirmed condition level 
maps 

Farmers still want/wish for:
Weekly maps (like USDM)
Regional/local maps (like 
USDM)
Drought outlook/prediction 
products
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Annual precipitation, streamflow runoff and groundwater levels data 
for New Brunswick available since late 2001 via government 
website
Monthly data available from 2003
No similar monitoring data available on-line for NS or PEI

http://www.gnb.ca/0009/0371/0007/0006-e.asp

Water resources monitoring – Atlantic Canada
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Drought indices / forecasting / prediction needs
Farmers, water managers:

Real-time drought information
Regional/local drought indices
Drought outlook info (e.g. 
USDM text, NOAA maps)
Seasonal forecasts
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US Drought Impact Reporter
Print Media Survey was a one-time intensive data collection effort for the ADA project (autumn 
2000-winter 2003)
Since 2005, the National Drought Mitigation Center (NDMC) has an on-line collection of US 
drought impacts at a state and county level using media sources/newspaper articles:

http://www.drought.unl.edu/dm/monitor.html
But the Drought Impact Reporter does NOT collect data on drought adaptations used
Operational drought impact and adaptation data collection system for Canada?
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Impacts of the 2001/2002 drought on the 
Canadian environment, economy, and 
society were severe
Adaptations were undertaken--several 
were difficult, costly, disruptive and failed
Improvements in many areas are vital to 
reduce vulnerability  

ConclusionsConclusions

Presenter�
Presentation Notes�
Photo:  AAFC �
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Project contacts
Agricultural Drought Adaptation (ADA) 
Elaine Wheaton, Co-Principal Investigator
wheaton@src.sk.ca
Grace Koshida, Co-Principal Investigator
Grace.Koshida@ec.gc.ca
Virginia Wittrock
wittrock@src.sk.ca

ADA Project Web site:
http://www.src.sk.ca/html/research_technology/environment/climatology/Agricultural_Adapt 

ations/index.cfm
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