I
- Y

DROUG
PRECIPITATION AND CLIMATE

Ronald Stewart

University of Manitoba




2000-2009 TOP WEATHER STORIES
1.Vanishing Arctic ice in 2007.

2. B

.C.'s year of disastrous weather -- fires, floods and

freezes in 2003.
3. Prairies plagued with one of its worst growing
seasons ever in 2002.

4. B
5. A
6. T
[

.C.'s weather woes in 2006.

berta's floods in 2005.
ne summer that wasn't for most of Canada in 20009.

ne East's big summer soak in 2008.

8. Storm drowns and pounds Edmonton in 2004.

9. Canada dry from coast to coast in 2001.

10. 2000 tornado in Red Deer, Alta., that killed 12 and
Injured 140.
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GLOBAL CONCERN

The World Meteorological Organization Secretary
General has said that the media most often asks him
guestions about climate extremes.



OBJECTIVES

Overall: To summarize some of the connections
between drought, heavy precipitation and climate

Specifics:
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JULY 10-YEAR PRECIPITATION
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The Canadian
Prairies




VERTICAL MOISTURE FLUX
PROFILE
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a) Summer Average (June July August)
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b) Annual Average
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COMMON VIEW ...




CONTINENTAL SCALE PATTERNS
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Drought ... Not Too Hot

Precipitation Temperature

Summers of 2000, 2001 and 2002
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PRECIPITATION-TEMPERATURE ANOMALY
Agricultural Years (Sept-Aug) Edmonton

Agricultural year (Oct-Sept) Precipitation vs.
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Monthly temperature anomalies:
agricultural region of the Prairies

Temperature Anomalies over the Agricultural Region of the Canadian Praires (1999-2005) (°C)
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Percentage of Mean Cloud Amount
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CLOUD AMOUNT

Mean Cloud Amount from 1985-2005 over Canadian Prairies
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Wind-Calm Events:
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2001

Current Precipitation Compared to Historical Distribution
September 1, 2000 to August 31, 2001 (AM.)

Percentile Classes
Bl Record Dry
B Extremely Low (0-10)
Very Low (10-20)
Low (20-40)
Mid-Range (40-60)
B +igh (60-80)
Very High (80-90)
B £ xtremely High (90-100)
B Record Wet

Extent of Agricultural Land

Prepared by PFRA (Prairie Farm Rehabilitation Administration) using data from the Timely Climate
Monitoring Network and the many federal and provincial agences and volunteers that support it



WATER AND ENERGY CYCLING
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~\‘ FJ L
N ©

N Many factors affect the ¢ycling

convectrve clouds of water and energy during
water [ > drought [ WATER
s L/
SENSIBLE =\ ayer clouds =\, SENSIBLE
HEAT 2./ “Z/ HEAT
procpitation
I l ] evapotranspiration precipitation l
sublimation sublimation
seasonal snow SO v sonsible heat
blowing COvVer evaporation
net radiation I ] T — ovapolransplration
I avaporation
runogy wetland agricultural
\d.ryrrc',mm A S, RIVER
l : - 2/ DISCHARGE
. - waler lable
aquitard t
ground water SR i aquifer ary
aquitard




CANADIAN PRAIRIES
2002

Current Precipitation Compared to Historical Distribution
(Previously Precipitation Percentiles)
September 1, 2001 to August 31, 2002 (AM.)

Percentile Classes
Bl Record Dry
B Extremely Low (0-10)
Very Low (10-20)
Low (20-40)
Mid-Range (40-60)
B +igh (60-80)
Very High (80-90)
B £xtremely High (90-100)
B Record Wet

Extent of Agricultural Land

Prepared by PFRA (Prairie Farm Rehabiltation Administration) using data from the Timely Climate s
Montoring Network and the many federal and provincial agencies and volunteers that support it



% of Total Precipitation

% of Total Precipitatior
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Low precipitation
event:
<10 mm

Climatoloqy
Low precipitation
events: 52% of total

Sub-drought 2002
Low precipitation
events: 60% of total







PRECIPITATION RATE

45 dBZ maximum —'gg,
= Cold Lake 24 April 2003

« Halil and rain
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average accumulation

Height Above Radar (kmj
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DUSTSTORMS

‘l

32 major dust Storms™m
Saskatchewan in 2002




Soil Moisture and Lightning
July 2000




IMPORTANCE OF SURFACE
FEATURES

_ess precipitation More precipitation
_ess evapotranspiration Greater evapotranspiration
_ess precipitation More precipitation




CANADIAN PRAIRIES
2002

Current Precipitation Compared to Historical Distribution
(Previously Precipitation Percentiles)
September 1, 2001 to August 31, 2002 (AM.)

Percentile Classes
Bl Record Dry
B Extremely Low (0-10)
Very Low (10-20)
Low (20-40)
Mid-Range (40-60)
B +igh (60-80)
Very High (80-90)
B € xtremely High (90-100)
B Record Wet

Extent of Agricultural Land

Prepared by PFRA (Prairie Farm Rehabiltation Administration) using data from the Timely Climate S2
Montoring Network and the many federal and provincial agencies and volunteers that support it



Dry in April 2002 ...







Storm- and cloud-scale feedbacks

Mid-upper level
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a) 1919 b) 1930
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Palmer Drought Severity Index (PDSI) for
agricultural years with severe drought



Precipitation in inches
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EXTREME RAINFALLS
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JULY-AUGUST 2010

H500(NCEP) {Jul 7, 2010 — Aug 7. 2010)
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ATMOSPHERIC DROUGHT TYPES

No precipitation o] g Sprinkles

Virga Chance of catastrophic rain
Steady rain Torrential rate

Hot Cold

Windy Calm

Dusty Clear

Cloud-free Cloudy




DRYING TREND: 1948-2002

PDSI Trend during 1948-2002 /50 yrs
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CLOUDS &
WATER VAPOR

BOUNDARY LAYER
(AND EXCHANGE
WITH FREE ATMOSPHERE)

RIVER DISCHARGE



BALANCING OR NOT
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dry continental interior?



FUTURE PRECIPITATION?
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Future Drought?
Oct 19, 2010 UCAR Press Release

Global climate model:
2060-2069 remain inconsistent ir
s IR - "“:“"f’;w-- capturing precipitatior

5. L : - changes and other
atmospheric factors,
especially at the
regional scale. (Dal,
2010)

-180 ~120 -60 0 60 120 180

DRY CONDITION WET

S e G GEES S——— e e

-0 -15 -10 -8 -6 4 -3 -2 -1 05 0 05 1 2 ] 1 6 8 0 15 20



LOOMMG VTR |
AICRTNGE (R




SOME SCIENTIFIC ISSUES

There are a number of critical scientific and technical iIssues
limiting quantitative assessment of future conditions including:

scientific:

¢ access to moisture sources

« surface vegetation feedbacks
 cloud fields and precipitating systems
 role of dust

technical:
 spatial resolution of climate models is insufficient



PRAIRIES' ‘CLIMATE’ FORECAST

What is it?
'probably' more drought and heavy precipitation
'probably' more variability
and, not clear what 'type' of drought will occur

Why?
feedbacks acting to maintain extremes
warmer climate accelerate these feedbacks
hotter ... more rapid water cycling ... wet and dry

But?
lots of uncertainty
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