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A better understanding of causal mechanisms that govern the regional hydroclimate
response to large-scale forcings is essential for improving their predictions
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Large-scale Perturbations (e.g” SST’)

Disturbed Regional ’."‘;_

Drought?

Pluvial?

Large separation of scales between the forcings and the regional water cycling processes, and
the complex topographic settings of the Prairies make it an extremely challenging problem



Ohjectives olrStuay

== 5To assess the intra-seasonal and inter-
- annual variations of water budgets for the
= anadlan Prairies

— - 0 better understand the interplay between
ional and larger-scale processes in

. )verning the hydroclimate variability and

= ——== gevelopment of extremes in the region

-+ To iImprove the prediction of warm-season
hydroclimate variability and extremes in the
Prairies
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RegionalWWater Budget ASsessments

+ Shorter-term budget assessed by using various

- datasets and evaluated using available observations
- to provide guidance for selecting appropriate
atasets for long-term variability study

'+ Long-term (1960-2002) budget estimates from ERA-
. 40 (MC, E), CANGRID (P), VIC-simulation (SM),

- NCEP (MSLP and storm-detection)

 The use of quasi-independent datasets to evaluate
different budget terms will increase our confidence in
the statistical or physical relationships that are
established to exist between them




AtmoesWaterBudgets: Anntal’Cycle contempoeraneous  Correlations

Ensemble Basin-Average Atmospheric Water Budgets

(b) ~=MC Correlations between water budget variables
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Two Paradoxes of Prairie Warm-Season Water Cycling:

1. Strong evapotranspiration E but P-E correlation is low
2. Weak moisture flux convergence MC but P-MC correlation is high



REseIVIng the E=P & VM C=P Paracdoxes
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relation Coefficents

Cor

Correlations between water budget variables “a - ’ d |ncreaSES (decreaSES)

soil moisture

Crea es (decreases) Increases (decreases)
fi C|p|tat|on evapotranspiration

modifies atmospheric «
conditions

Correlation results suggest that strong air-land coupling is unlikely in the

Prairies under normal conditions

Dry soil conditions, especially during Spring when the linkages between E
and P is the strongest, can compound the effects of low storm activities to
induce extreme dry conditions (the reverse is not true) -



Contemperaneots Correlations Between the'Caimaexand P/ME
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Correlations between the c-index and P and MC

C=|C1*C2], C1>0,C2<0
=0 , otherwise

C1 = Vertically-integrated meridional
moisture flux from surface to 700 hPa
at (265E,47.5N) and averaged from
260-270E

C2 = Vertically-integrated zonal
moisture flux from surface to 700 hPa
at (255E,52.5N) and averaged from
52-55N

- Computed from 6-hourly ERA40
data and averaged for monthly means

- A measure of cyclonic moisture
transport into the Prairies from the
south and it also gives a measure of
cyclonic activities in the southern
vicinity of the Prairies



MSLP composited for days with daily precip rate P (averaged over the western prairies)
P: 0.4-0.6 mm/d P:1.4-1.6 mm/d P: 2.5-3.5 mm/d
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Composite synoptic patterns
associated with warm season
precip events of different
intensity during 1950-2008
over the western Prairies

BOH 8

E5N

45N

400

N v i
AW 13EW 130N 128N 1200 NEY 110w 1084 100w 93w 9w Baw BOW W W

e T I I S — —
0.5 1.3 5 A3

=33 =23 =15 —=0.3




Map of correlation between precip over western Prairi
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HYpotheSESToFPraiie drougntandpluvial’develepment

Pluvials develop when substantially higher than |
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Droughts develop when the occurrence o
the southern vicinity of the Prairies is a

Extreme droughts develop when ar
favorable cyclonic disturbances o
conditions that result from a pre
precipitation - a plausible
development of multi-year '



Previous Pluvial'Penoeds: 1965; 19938

Budgets

May - August Average Budgets
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PreviotsDrotught Perieds: 1961 1967, 1979, 1985, 2001

May - August Average Budgets
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:: precip for 60/61 and 2000/01 winters are the lowest among the years




EP/NCAR Reanalysis

500mb Geopotential Height (m) Composite Anomaly 1968~ 1996

Dry Years GZ500° Compos

Relationshipss BetWeen GZs500FAnemaly eVerNWADIS)S!

BC and Cyclone Frequencies and Prairie Precip

NCEP/NCAR Reonolysis

500mb Geopotential Height {m) Composite Anomoly 1968-1996 climo

Wet Years GZ500° Composites
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Jul 1948 to 2007; Surfoce Precipitation Raote
Seascnal Correlation w/ Jul xd.GZ500peint_timeseries. txt

MCER/MNCAR Reanalysis

Correlations between NW US GZ500 and
May Jun Jul Aug

Prairie Precip: -0.45 -0.43 -0.57 -0.69

Cyclone Freq: -0.66 -0.47 -0.63 -0.72
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Whatstthenature erthese stationany eddies?
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May 19458 to 2007 Surface 55T
Correlation w/ Jul xd.GZ500point_timeseries.txt (Index lags by 2 months)

NCER /NCAR Reanal is
2-mon lagged correlatio
SST and July GZ500

Jul 1948 to 20070 Surface 35T
Seasconal Correlation w/ Jul xd.GZ500point_timeseries.txt

NCEP/NCAR Reandalysis
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Large-scale Perturbations (e.g. SST') i = T

Deterministic tétistical

ul for climate change studies
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