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A CANADIAN NATURAL DISASTER

he Lt

as one of the worst
atural disasters that K
anada has ever suffered!

Huge impacts on: Southern Saskatchewan, April 2002

society
economy Causing economic loss of more than $3.6B for Canada
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Water and Energy Budgets

Atmospher ic Water = Q=Atmospheric Precipitable Water, mm
A = W=Surface Water (M+S), mm

—~_E-P+MC+ RES M=Soil Moisture, mm

A S=Snow, mm
T=Atmospheric Temperature, K
Surface Water | Ts=Surface Skin Temperature, K

N T2=Surface Air Temperature (at 2m), K
E =P-E-N +RESW E=Evaporation, mm/day

i P=Precipitation, mm/day
At mospher ic Tem per at MC=Moisture Convergence, mm/day
] N=Runoff, mm/day
LP=Latent Heat of Condensation, W/m**2
SH=Sensible Heat (which is positive upward), W/m**2
HC=Dry Static Energy Convergence, W/m**2
Surface Tem per ature LE=Latent Heat of Evaporation (which is positive upward), W/m**2
AT S} = QR=Atmospheric Radiative Heating (which is negative), W/m**2
Cv =QRS-L QRS=(NSW+NLW)=Surface Radiative Heating, W/m**2
i NSW=Net Shortwave Radiation at the Bottom of Atmosphere (BOA), W/m**2
NLW=Net Longwave Radiation at the Bottom of Atmosphere (BOA), W/m**2
NSW (0)=Net Shortwave Radiation at the Top of Atmosphere (TOA), W/m**2
NLW (0)=Net Longwave Radiation at the Top of Atmosphere (TOA), W/m**2
ohn Roads RESQ=Atmospheric Residual Water Forcing, mm/day
RESW=Surface Residual Water Forcing, mm/day
REST=Atmospheric Residual Dry Static Energy Forcing, W/m**2
G=Surface Residual Temperature Forcing, W/m**2




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) | 50Kkm 1895 - 2003 Dec
CMAP (G) 2.5 deg 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
NCEP-R2 (G) 2.5 deg 1979 Jan - Current
ERA-40 (G) 2.5 deg 1957 Sep - 2002 Aug
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Figure 3. Mean annual cycle of ensemble (NCEP-R2, ERA-40, CMC and CRCM) basin-average budgets for (a) atmospheric energy, (b) atmospheric water,
(c) surface energy and (d) surface energy.



Variability among Budgets Assessments - Annual Cycles of Atmospheric Water Budgets

Monthly Basin-Average Atmospheric MC and Residues
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Variability among Budgets Estimates ....

Surface latent heat flux

cont....

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

ERA40 NDJFM P anomaly ERA4O
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Variability among Budgets Estimates ....cont....NDJFM SWE Anomalies (mm)

ERA-40 Feb-Mar SWE anomaly ERA4O
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NCEP-R2 AMJJ Soil moisture anomaly NCEP R2
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@ . CA . CA @ C @ . C CA > CA .
Data\Para Q M SWE |[T2m H
NCEP 10.63| 318.3| 14.95| 276
CcMC 10.94| 224.6| 15.55| 27
CRCM 10.68| 218.8 273.7
ERA-40 10.85| 382.3| 15.09| 276.6|
Reg Obs 10.64 23.84 276._2'
Globl Obs 10.81 1.00
1.07
Average 10.76| 286.0 19.9| 275.
ERA Avg 79-98 10.84| 383.2 15.2| 276
Average (MRB) 9.27| 276.1 44.5( 270.
Y%Error 1.18| 27.53| 34.56| oO.
%Error(MRB) 4.51| 14.68| 36.96 0.
Data\ LP QRS |OQOR TOA |TOA |TOA
Parameter SWD |[SWU LWU
NCEP - 0.56 -0.88
CcMC 0.36 0.46 -0.85
CRCM 0.35 0.43| -0.87
ERA-40 0.33 0.53 -0.
Reg Obs 0.56
Globl Obs 0.51| -O.
Average 0.38 0.51 -
ERA Avg79-98 0.33 0.53|
Average(MRB) 0.25 0.36
%0Error 15.47| 10.
%Error(MRB) 17.03| 1

All water storage terms a
T2m in K, enthalpy (H) i
moisture fluxes in mm
energy fluxes in K/ds

-1.05

-0.93

BOA
SWD

0.14

0.32

0.55

48.27
17.42

BOA
LwWuU

2.93

BOA
SwWu

HC

0.27

0.39
49.35
22.42

BOA
LWD

SH RESQ |REST
-0.15

0.35

Cloud |RESW |RESG
cover

43

48

47

54

61



