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Future Climate Uncertainty
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Inter-annual Variability
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Frost Free Season (days)
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Annual frost-free period (using a 0°C benchmark) from 1940 to 1997 using average
temperatures from 12 weather stations in western Canada (Cutforth et al. 2004, Can.
J. Plant Sci. 84: 1085-1091).



Spatial Variability
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Rate of change (d y) in the frost-free period (using a 0°C benchmark) from 1940 to
1997 (Cutforth et al. 2004, Can. J. Plant Sci. 84: 1085-1091).



Quantifica

tion of Weather lmpacts

Quality variable Cultivar r Equation
Thousand kernal weight AC Bame 066*** TKW = -0.53 x S324 _Flant-Anth Grp1 + 0.08 x Rain_Plant-Anth Grp2 — 0.92 x
Trange_avg Anth-Mat_Grp1 + 47.95
Superb 0.37*** TKW = 0.13 x HarWU_SD-Mat — 0.86 x S26_Plant-Anth Grp1 + 36.53
Flour protein ACBame 049***  Flour protein = —0.05 x S115_All — 0.03 x HarWU_Anth-Mat — 0.03 x
St27 Plant-Anth Grp1 4+ 21.81
Superb 0.40** Flour protein = —0.09 x S417_Plant-Anth + 0.48 x S230_Plant-Anth_Grp1 +
0.03 x BRIWUDef Plant-Anth Grp2 + 16.73
Soluble protein ACBame 044*** Soluble protein = —0.17 x S127_Flant-Anth_Grp2-0.63 x
S420_Anth-Mat_Grp2 + 0.38 x Trange_avg Plant-Anth_Grp2 + 5.96
Superb 0.33***  Soluble protein =
—0.12 x S225_ Anth-Mat_Grp1-0.04 x Pdayss_15-3pPlant-Anth.Grp1 4 18.38
Inzoiuble glutenin AC Bame 040*** Insoluble gutenin = —0.03 x S323_Anth-Mat + S_t30_Anth-Mat_Grp1 4+ 3.96
Superb 0.46***  Insoluble gutenin = —0.03 x S117_Plant-Anth — 0.001 x
Trange sum Anth-Mat — 0.009 x HarWU _Flant-Anth Grp2 + 6.79
Mixograph PDR ACBame 041*** PDR = —-0.01 x Pdayss_15-27All + HarWUDef_Al + 56.78
Superb 0.60*** PDR = —1.199 x S17_Flant-Anth + 0.278 x
BR3WUDef Plant-Anth Grp2-0.146 x BR3WUDef Anth-Mat_Grp1 + 117.53
Mixograph PEW ACBame 047*** PBW = -0.30G x St15.Al + 0.76 x S_t30_Plant-Anth + 0.072 x
HarWUDef_Flant-Anth Grp2 + 56.35
Superb 051***  PBW=0.14 x S121_Al - 0.67 x S.117_Plant-Anth — 0.63 x
SIH26 Anth-Mat Grp1 + 4983
Farinograph absorption AC Bame All vanables wers collinesar (FDays_Plant-Anth Grp1)
Superb 0.52***  FarAbs = —0.056 x Days All — 0.025 x RainPlant-Anth — 0.420 x
S425_Plant-Anth_Grp1 4+ 73.17
Farinograph stabiity AC Bame 048*** FarStab = 0.18 x StressDeg All - 0.98 x S_t16 Flant-Anth Grp2 4 38.14
Superb 0.59*** FarStab = —0.82 x S.t17_Plant-Anth + 0.47 x Pday;_s4-2gPlant-Anth + 1.02 x

BREWUDef_Anth-Mat_Grp2-125.66

Best 3-variable regressions for wheat quality from producer field samples.
(Jarvis et al. 2004, J. Sci. Food Agric. 88: 2357-2370).



CO,; (ppm)

The "Keeling Curve”
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S Warmer Temperatures =

..... 1943-1972 normal

" 1913-1942 normor Increased Thermal Time
Units

: )/ Change in area with average accumulated
, corn heat units (CHU) greater than 2000 in
< %00 the province of Alberta over the 20t
century.
(Shen et al. 2005, J. Appl. Meteorol. 44(7):
1090-1105).




Long term trends in
seasonal accumulation of corn heat units ] )
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Long-term trends (1920’s to 2000) in growing season accumulation of corn heat
units at 12 locations across the Canadian Prairies (Nadler and Bullock, 2010, Clim.
Change, accepted).



Precipitation on the northern
Great Plains based on
weather station data for 1971
to 2006.

Bullock et al, 2010, In Recent
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June—July Precipitation
Medicine Hal, Alberta, 1754—2001
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Cumulative departure from median precipitation. Long periods of consistent drying
(grey highlights) preceded the 20" century and most of the instrumental weather
records (Sauchyn et al, 2001, Geog. J. 169: 158-167).
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Linear trend in annual rainfall amount (% of the 40-year mean) from 1956 to 1995
across the Canadian Prairies (Akinremi et al, 2001, J. Clim. 14: 2177-2182).



—90% probability ~—25% probability

Growing season precipitation
deficit (P — ETo )on the
northern Great Plains based
on weather station data for
1971 to 2006. A.

Bullock et al, 2010, In Recent Growing Season Precipitation Deficit
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Long term trends in
growing season crop water demand for corn
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Long-term trends (1920’s to 2000) in growing season crop water demand for corn at
12 locations across the Canadian Prairies (Nadler and Bullock, 2010, Clim. Change,

accepted).



Long term trends in
crop water deficit for com
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Long-term trends (1920’s to 2000) in growing season crop water deficit at 12
locations across the Canadian Prairies (Nadler and Bullock, 2010, Clim. Change,
accepted).



Aridity
Index (P/
PET)

Annual aridity index for five drought years for the agricultural zone of the prairie
provinces (Sauchyn et al. 2002, Géographie physique et Quaternaire 56: 247-259).



T

-
/,:\E

>
T
0

>

Aridity Index (P/PET)

1961-1990

David Sauchyn



Aridity Index (P/PET)

2040-2069
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David Sauchyn




1961-90

Aridity Index: P/PET
<05
0.501 - 0.65

0.651- 0.775
] 0.776 - 0.9

I 0.901 -1
B > 1.0

(Sauchyn, et. al. 2004)




Increased
1961-90 precipitation
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Land suitability climate
classification based on
projected changes in
temperature and
precipitation from the
CGCM1.

Nyirfa and Harron, 2001, In:

PARC QS-3 Determination
of sustainability of farming
practices on the Prairies
with predicted climate
change scenarios.
Agriculture and Agri-Food
Canada, Regina.
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Zones Predicted from
1961-90 Climatic Normals Ecozones
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Increased Temperature Effects
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A Projection for Change in Wheat-
Growing Area in North Amercia -
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C, versus C,
Photosynthesis

maize (C,)

40

wheat (C,)

\

10 [

Photosynthetic CO, assimilation (pmol m-2-s-1)

Leaf temperature (°C)

(Adapted from Stone, 2001, as reported in Pritchard and Amthor
2005 Crops and environmental change. Food Products Press)



Temp & CO, Effects on Root Partitioning
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Root biomass as a % of total plant biomass.
(Data from Batts et al, 1998. J. Agr. Sci. 130:17-27)




Barley Grown at Different Root Zone Temperature

3 b ]
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2
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Water Use Water Use Efficiency
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Root growth response to soil temperature within the range found in western Canada as
measured by barley water use (Data from Sharratt, 1991, Agron. J. 83:237-239).



From ‘Agriculture and Climate Change’, November 2005, National Farmers Union
http://www.nfuonline.com



Harvest date (day of the year)
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April-August temperature anomaly (°C)

Fruit ripening dates of strawberry (1874-1902) in
central England in relation to April-May
temperature.

(Menzel and Sparks, 2006, Chapter 4 in Plant
Growth and Climate Change (Morison and
Morecroft, eds.), Blackwell Publishing, Oxford).

Grapevine harvest date in
France, Switzerland and SW
Germany in relation to April-
August temperature.

(Menzel and Sparks, 2006,
Chapter 4 in Plant Growth and
Climate Change (Morison and
Morecroft, eds.), Blackwell
Publishing, Oxford).
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Increased CO,, Effects
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Wheat yield versus atmospheric CO,. (Amthor, 2001, as reported in Pritchard and
Amthor 2005 Crops and environmental change. Food Products Press)



DUNFIELD

S-100
ARKSOY
% increase in yield of 9 soybean CNS
varieties grown in COy-enriched air ..
compared to ambient air.
HARROW
(Ziska et al, 2001, as reported in TANGHU
Pritchard and Amthor 2005 Crops
and environmental change. Food y_LiaMS
Products Press)
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Percent change in R:S with elevated CO,

% change in root/shoot ratio for crops in CO,-enriched atmosphere (264 observations).
(Data from Rogers et al, 1996 as reported in Pritchard and Amthor 2005 Crops and
environmental change. Food Products Press)



Elevated CO, and Weeds
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Weed yield was 2 to 4 times higher in both alfalfa and orchard grass with elevated CO,
(Bunce, 1995. J Biogeog. 22: 341).



Elevated CO, and Weeds

A. C,Crops/C, Weeds
« Elevated CO, favors WEED

B. C, Crops/C; Weeds

« Elevated CO, favors WEED
C. C;Crops/C; Weeds

« Elevated CO, favors WEED

D. C;Crops/C, Weeds
« Elevated CO, favors CROP

Ziska and Bunce, 2006. Chapter 2, in Plant Growth and Climate Change (Morison and
Morecroft, eds.), Blackwell Publishing, Oxford



Indirect Climate Change Effects
on Agricultural Productivity

 Increased aridity — increased wind erosion (Wolfe and
Nickling 1997), higher risk of desertification (Sauchyn et
al 2005)

* More frequent “extreme” weather events — greater
losses to hail, flood, etc. — higher insurance costs

« Warmer and wetter spring weather — increased soll
microbial activity — faster organic matter decomposition,
increased soil nutrient availability (Anderson 1992)
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Average Yield (bu’ac)
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Yield and yield trends (Manitoba Crop Insurance data) for several crops grown in
Manitoba from 1966 to 2006.

(Wilcox, 2006, Proceedings of the Manitoba Agronomist Conference, University of
Manitoba, Winnipeg, www.umanitoba.ca/afs/agronomists_conf).



Coefficient of Variability (%)
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Coefficient of variation for yield of several crops grown in Manitoba from 1966 to

2006.

(Wilcox, 2006, Proceedings of the Manitoba Agronomist Conference, University of
Manitoba, Winnipeg, www.umanitoba.ca/afs/agronomists_conf).



Summary

Potential Positive Impacts Potential Negative Impacts

'« Longer season, more More aridity causing more
heat units allowing frequent and severe
cultivation of higher- moisture stress (drought)
yielding crops More pests (insects,
Improved water use disease, weeds)
efficiency (higher CO,) More crop losses to
Warmer soils creating extreme weather

deeper roots and More rapid crop
increased water uptake maturation and lower
Higher soil nutrient yields

availability



