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Study Foci:

WATER AND ENERGY CYCLING 2. Budget assessments
3. Modeling

4. Process diagnostic
studies

Drought is an aberrati
Water and energy cycle
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-~ To develop comprehensive baseline climatologies of W
- +E budgets {or the Prairie region by using various quasi-
iIndepe ndent datasets

— - it rronitoring, nodel validation and process study
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Atmospheric Water e - rAmiephen: Frecpitabic Waler, mm

0 W-Surfaoe Water (M-8), mm
—= =F — P+ MC+RESQ e Sl Mot om
(",!.:f = - S=Snow, TJ
= ic Temperature, K
%}1 rface Water = ;m?&;MMK
¥ = T2-Surface Air Temperature (2t 2m), K
=P—E—-N+RESW = E=Evaparation, mmiday
A = P=Precipitation, mmyday
Atmospheric Temperature MC=Maisture Convergemce, mm/day
AT : Eﬁﬁtﬁ élgtfd?m Wim**2
= [} — T I,Ia- e _, .:'-"-'.-"\: -: b = 0 mi [ |
=N ) OR+LP+SH + HC+ RES] SH=Sensihle Heat (which i positive upward), W/m**2
' . HC=Dry Static Energy Convergence, W/m**2
Surface Temperature LE=Latent Heat of Eveporation (which is pusitive upward), Wim**2
19 ! TS i . (QR=Atmospheric Radiative Heating (which is negafive), Wm**2
Cv P =0ORS — LE —SHES® QRS=(NSW-NLW)-Surhox Radiative Heating, Win**2
: NSW=Net Shortwave Radiation at the Bottom of Atmogphere (BOA), W/m**2

NLW=Net Longwave Radiation at the Bottom of Atmnsphere (BOA), Wim**2
NSW (0)=Net Shortwave Radiation at the Top of Atmosphere (TOA), Wim**2
NLW (0y-Net Longwave Radiation at the Top of Atmnsphere (TOA), Wim**2
RESQ=Atmogpheric Residual Water Forcing, mm/day

RESW=Surface Residual Water Foreing, mm/day

REST=Atmogphenic Residual Dry Static Energy Foreing, W/m**2

G=8urface Remidual Temperature Forcing, W/m**2
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Local (L), regional (R) and global (G) observations

Parameter Source Resolution | Coverage Period
Rawinsondes (L) Sites Various - Current
Precipitable Water GVAP/NVAP (G) | 1deg 1988-1999
1978 Dec - 2003 Mar
Snow SSMI (R) | 25km (Dec-Mar)
Surface Air Temperature | CANGRID (R) | 50 km 1895 - 2003 Dec
Atmospheric Enthalpy Rawinsondes (L) Sites Various - Current
CANGRID (R) | 50 km 1895 - 2003 Dec
CMAP (G) | 2.5deg 1979 - 2003 Sep
Precipitation GPCP (G) 2.5 deg 1979 — 2003 Dec
1913 - Current (The
Discharge WSC (L) sites Pas)
ISCCPFD (G) | 280 km 1983 Jul - 2001 Jun
Radiative Fluxes BERMS (L) Sites 1994 - Current
Sensible/Latent Heat
Flux BERMS (L) Sites 1994 - Current
Surface Obs
Cloud Cover (L/R) Sites Various - Current

Global (G) and regional (R) analysis and model datasets

Dataset Resolution | Coverage period
CRCM (R) 51 km 1997 Apr - 2003 Dec
CMC (R) 35/24 km 1997 Mar - Current
NARR (R) 32 km 1979 Jan - Current
NCEP-R2 (G) 2.5 deg 1979 Jan - Current
ERA-40 (G) 2.5 deg 1957 Sep - 2002 Aug




Data\Para Q M SWE [|T2m H P E MC N HC SH RESQ |REST
NCEP 10.63] 318.3] 14.95] 276.1 2.26 1.73] -2.09 0.51 -0.53 0.34] -0.15] -0.88 0.23
cMC 10.94| 224.6] 15.55] 275.8 2.30 1.32 -1.32 0.34 -0.01 0.17 0.12 -0.34 0.21
CRCM 10.68] 218.8] 30.29] 273.7 2.30 1.33] -1.05 0.28] -0.31 0.41 0.12 0.00] -0.01
ERA-40 10.85] 382.3] 15.09] 276.6 2.27 1.22 -1.20 0.14] -0.36 0.14 0.13 -0.16 0.35
Reg Obs 10.64 23.84] 276.2 2.31 1.20] -0.93 -0.12 0.21
Globl Obs 10.81 1.00

1.07
Average 10.76] 286.0 19.9] 275.7 2.29 1.30] -1.32 0.32 -0.27 0.27 0.09 -0.35 0.19
ERA Avg 79-98 10.84] 383.2 15.2] 276.0 2.27 1.21 -1.21 0.26] -0.38 0.07 0.14 -0.26 0.40
Average(MRB) 9.27] 276.1 44 .5 270.0 2.33 1.32 -1.14 0.55] -0.58 0.39 -0.01 -0.29 0.16
%Error 1.18] 27.53] 34.56 0.40 0.95] 18.61] 34.59] 48.27] 76.89] 49.35 160
%Error(MRB) 4.51] 14.68] 36.96 0.55 1.29] 18.71]| 38.08] 17.42] 48.34| 22.42 3475
Data\ LP QRS QR TOA TOA TOA BOA BOA BOA BOA Cloud |[RESW |RESG
Parameter SWD |SWU |LwWU SWD |LWU SWU |LWD |[cover
NCEP 0.46 0.56] -0.88 2.56 0.81 2.08 1.60 3.10 0.36 2.42 43 0.89] -0.15
cMC 0.36 0.46] -0.85 2.49 0.85 2.03 1.46 3.05 0.36 2.41 48 0.00 0.02
CRCM 0.35 0.43] -0.87 2.54 0.99 1.99 1.47 2.93 0.37 2.26 47 0.03] -0.03
ERA-40 0.33 0.53] -0.94 2.56 0.88 2.10 1.39 3.13 0.29 2.56 59 0.34] -0.07
Reg Obs 0.56 1.35 2.91 0.15 2.43 60
Globl Obs 0.51 -0.87 2.55 0.95 1.95 1.40 3.14 0.31 2.57 68
Average 0.38 0.51 -0.88 2.54 0.90 2.03 1.45 3.04 0.31 2.44 54 0.32 -0.06
ERA Avg79-98 0.33 0.53] -0.92 2.56 0.87 2.09 1.38 3.10 0.28 2.54 59 0.39] -0.06
Average(MRB) 0.25 0.36] -0.93 2.12 0.80 1.89 1.12 2.77 0.25 2.27 61 0.25] -0.03
%Error 15.47] 10.51 3.88 1.15 8.19 3.06 6.11 3.02) 24.74 4.27] 16.16
%Error(MRB) 17.03] 13.66 5.80 1.13 9.70 3.11 8.78 3.18] 21.46 5.16] 12.31

All water storage terms are in mm,

T2m in K, enthalpy (H) in 1079J/km2,
moisture fluxes in mm/day
energy fluxes in K/day.




Variability among Budgets Assessments - Annual Cycles of Atmospheric Water Budgets

Budgets(mmid)

Monthly Basin-Average Atmospheric MC and Residues

—— CNMC-NMC
—a— ERAL4O-MC
—i— NCEP-MC
—>— RCTNM-MT
—— CMC-RES
—— ERA4O0-RES
= NCEP-RES

——— RCINV-RES

Budgets (mm/d)
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~ Variability among Budgets Estimates ....cont.... Surface SH and LE near BERMS Site

Surface latent heat flux
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S yuraceary of | udget fesults

¥ Some estinates of budget conponents conpare well to obs but residuals in
- the balance are often as large as the budget conponents in all datasets

ets fromanalysis datasets based on nore ‘modem” assimilation systens
- (CMC, NARR, ERA-40) conpared the best to obs

N :a' ’v 2 over-predicts warmseason water cycling for the region
‘Strong cold bias in CRCM affects its capability to accurately simulate drought

:—_-:_E‘*.m ojon

.

% Water closure problemn (MC >> obs discharge)

Szeto, J. Met. Soc. Jap. 2007, 167-186.
Szeto et al., J. Hydromet., 2008, 96-115.
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Regional climate model simulations of the
19992005 Przlifla clfetie] ey

ANBLHeINntercomparson study

kel?, K.H. Szeto?, R.E. Stewart?, C.
cKay?, J. Roads® and L. Wen*

1Env. Canada
2GKSS
3U. Waterloo
4 McGill U.
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- Objectives of Sttely

~ *Toassess the capability and readiness of dynamical
-~ predictions of Prairie droughts through a critical

~ evaluation of sinmulations of the 1999-05 drought with
~ several state-of-the-art RCV6

— To assess the viability of using RCMV5 as tools for
=—_~suxiymg Prairie droughts

* To identity najor pmblem; that affected the
sinulations in the diflerent nodels and to diagnose
their causes




Models ==

CGCMS3 - CIASS 2.7, Z-M
CGCMS3 - CLASS 3.2, Z-M

RPN ISBA, K-F, Surq
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Monthly Timeseries ofi Areal Mean Precip
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- All models captured the
- NCEP-R2 and sometir
- GEMLAM and .,..??-

= CRCM P agrees well
during the drought
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Monthly: Timeseries of ET

ET {mm/d)
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...... ptured, to varies degree the meteorological
ditions developed during 2000/2001 and the
1t drying of the surface

n _ i" 0 captured the gradual termination of the
1t after 2 | 02
@lity o e predictions are inpaired by different
_ the nodels that need to addressed before
[ a predictions can be expected fromthe
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ELET S REHETGYACY CIING PFOCESSES

Main issues of interest:

What intermediate physical mechanis

the hydrometeorological response @

in the large-scale circulation
1. During the winter and

Some discussions related to

to et al. BAMS, 2007, 1411-1425.
to, J. Climate, 2008, 94-113



kenzw WSSO0 S SRB (JJA)
(MJJA)

Parameter

0.61

-0.10

0.44

-0.19

between key JUJA ERA-40 water cycle variables and P for
/er 1979-1999: P (precipitation), E (evaporation), Fx (zonal
y (meridional moisture flux), p (recycling ratio). Correlations
 significance level are highlighted

: :
stween P and seasonal average southerly moisture flux component
or eastern Prairies

.




JJA rrizzin eliredllziiion it 850

NCEP/NCAR Reanalysis
BEDmMb Geopotential Height (m) Climatelagy 1968-14396

NCEP /NCAR Reanalysis
B50mb Meridional Wind (m/s) Climatelogy 1968-19396

NOA4/ESRL Physical Scisnces Division

NOAL/ESEL Physical Seignces Division
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Warmeseason\Water Tiransport & Cycling| from GOM to SRB
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A lleedwithin a drought

A recording-breaking Prairie rain event during Jun 8-11, 2002 that gave
a several-month long break for the record-breaking 1999-2004 Prairie drought
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s o Precipitation
Anomalies

Record Dry
Extremely Low
Yery Low

Lo
Mid-Range
High

Wery High
Extremely High
Record Wet

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

Very Low (10-20)
Low (20-40)
Mid-Range (40-60)
B High (G0-80)

Very High (80-90)
E Extremety High (90-100)
Bl Record Wet

Extent of Agrcultural Land

Prepared by PFRA (Prairie Farm Rehabilitation Administration) using Gata from the Timehy Climate
MOMNEOriIng Network and the many federal and provencial SQences and volunlsers 1hat Suppon it




Synoptic Patierng Aftecting Surnrner Voigiure Bl o P
gyer ite Prairies
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