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1988 NDVI Anomaly

1988 — 1987 ISLSCP NDVI
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Other recent U.S. Droughts

R Airty e o 0
August 1993 NDVI Anomaly July 2000 NDVI Anomaly
Source: NASA/GSFC Scientific Source: NASA/GSFC Scientific
Visuadization Studio Visudization Studio
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1988 U.S. Drought

I Experzment 1a - 1988 Drought

Adapted from CAC, NWS, NOAA,
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Fedures of 1988 U.S. Drought

 Reoord-low preapitation in central Plains
— 50-85% below normal in Midwest, Northern Plains, and Rockies

* Reaoord-high surfacetemperatures

 Very dry soils & widespread forest fires
— 4,100,000 aaes burned by mid-autumn

 Reoord-low Missssppi River streanflow
— Vicksburg MS had ~40% of normal flow in June 1988

 Massve aop and vegetation losses
o Tota estimated damages. $40 billion
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Fadorsof 1988 U.S. Drought

e Low-levdl jet as source for Gulf moisture
greatly reduced

o Persistent high presaure in Canada and
upper-ridge over central U.S.

o Winter 1988 had strong La Nina SSTs

e Baelow normal snowfallsin Northern Plains,
Northwest, and Rockies

* Reduced spring rain also led to dry solls
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JJA 1988-87 SLP & Winds

Higher pressure
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1988 Drougnt and La Nina

1988 — 1987 ISLSCP NDVI
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June 1988-87 Soil Moisture

Reduced Sail June 1988-87 Root Zone Soil Moisture — GSWP Offline
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Previous Modeling Studies

a) GEOS-2 Climate GCM

— Mocko and Sud (1999) did nat redistically
simulate the 1988 dought despite upgades to
the land-surfacemodel & its snow-physics
scheme.

b) Other Goddard GCMs

— Atlaset a. (1993 showed importance of SST
and soil moisture datain GLA simulations.
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Previous Modeling Studies

c) Other GCMs

1.  Dirmeyer (2000) showed inthe COLA GCM
that assimilating soil moisture improved the
1987/88 precipitation/temperature simulation.

Il. Pal and Eltahir (2001) found the sensitivity of
precipitation to |SM was dependent on the
convective parameterization.

1. Giorgi et al. (1996) showed inthe GENESIS
model that the misplaced ridge led to afallure
to capture the drought event of 1988.
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JJA 1988 500mb Pattern

JJA 1988 500mb Heights — Reanalysis JJA 1988 500mb Heights — Case 1 CTRL
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JJA 1988 Evaporation

JJA 1988 Evaporation — GSWP Offline JJA 1988 Evaporation — Case 1 CTRL
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Large-Scale Drivers vs. Local Feedbacks
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Large-Scdevs. Locd Region
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Back to Basics

As3amil ate the arculation
— Simulate qorrect jet stream
— Simulate aorrect low-level jet

Asamil ate the soil moisture
— Simulate aorrect evaporation
— Simulate oorrect surfacetemperatures

Asami
Asami
Asami

ate arculation and soil moisture
ate large-scde only (outside “box™)
ate large-scde with improved vegetation
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Summary

1. Several features must be simulated corredly to
get auseful drought ssmulation:
— Location d high/low presaires
— Jd stream and low-level jet
— Soil moisture and evaporation
2.  Small modeling errors often combine to produce
biases in the arculation:
— Pad history of rainfall
— Vegetation & characteristics
— Large-Scale arculation
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Experiment Design

Case Number

Description

Casel CTRL

Control — Freerunnng GCM

Case 2 WIND

Winds replacal every 6 hous

Case 3 SOIL

Soil Moisture replacel daily

Case 4 BOTH

Both winds & soil moisture replacedl

Case 5 LBOX

W/SM onlarge-scde only replaced

Case 6 VEGI

As Case 5, w/ |SLSCP vegetation
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Experiment Design - CTRL

GEOS-2 GCM 2x2.5 with 20 sigma layers
Land-surface Model: HY -SSIB

Moist Convedion: McRAS

Simulations from 1 Jan to 31 Aug

1987 and 1988 run separately

Four members in eat ensemble

Ensemble members vary by initial
atmospheric fields
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Experiment Design— WIND/SOIL/BOTH

 WIND:

— Wind values (U & V) replaced globally from DAO
reanalysis with GEOS-2 GCM

— Vauesreplaced every 6 hous
— Valuesreplaced at all points and 20sigma levels

e SOIL:

— Soil Moisture (wetnessat 3 layers) replaced globally
from GSWP-style reanalysis with offline HY-SSB
Integration for 198788 using ISLSCP Initiative | nea-
surfaceforcing

— Valuesreplaced daily
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Experiment Design — LBOX

Windsinside
the box are
freerunning

Soil moistures
over land
points aso
freerunning
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Experiment Desigh— VEGI

Same as LBOX, EXCEPT:
 VEGI — GCM climatologicd values of:
—Vegetation Cover Fradion
— Greenness
—Led Arealndex
— Surface Albedo
replaced using corred year’s |SLSCP data

NASA/GSFC - Mocko & Sud 17 January 2002 - J8.16
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JJA 1988 Precipitation - CTRL

JJA 1988 Precipitation — GPCP
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JJA 1988 Precipitation - WIND
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JJA 1988 Precipitation - SOIL
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JJA 1988 Precipitation - BOTH

JJA 1988 Precipitation — GPCP
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JJA 1988 Precipitation - LBOX/VEGI
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JJA 1987 Precipitation - CTRL

JJA 1987 Precipitation — GPCP JJA 1987 Precipitation — GPCP
90N v s e ea s — — 60N T T T Y S S S S S S S S S Y ;
‘é:'ﬂ“g‘ - = . 16 55N 4 5
8 o[ et - — 3
45N
4 40N L T 2
9 35N { ’ T 1
sond VOV N NG
1 VN \ 3) 0.5
25N A
90S 20N 4 =< @L‘s\ 3 s o
JJA 1987 Precipitation — Case 1 CTRL 10
60N s — S
16 55N £ ‘ 5
8 SON e, & N : 3
45N
4 40N 2
2 35N N i i A : 1
30N N\ ) 4
1 250 0.5
20N
JJA 1987 Precipitation Case 1 CIRL — GPCP JJA 1987 Precipitation Case 1 CIRL — GPCP
90N — 5 60N e 2
BON-"“ ® 55N’
i 2 50N ¢ =2 !
30N v
1 45N s 0.5
EQ 1 4ON-2 _05
308 35N A
-2 30N -1
60s -5 25N+ -2
90S + T T T 20N T T T ;
180 120W 60E 120E 180 130W 125W 120W 115W 110W 105W 1Q00W 95W 90W 85W 80W 75W 70W 65W 60W —

(mm/day) (mmday)

NASA/GSFC - Mocko & Sud 17 January 2002 - J8.16 29




JJA 1987 Precipitation - BOTH
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une 1988 Preci pitation

Left to Right:
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August 1988 Precipitation
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JJA 1988-87 Precipitation
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1988 Area-Averaged Precipitation
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JJA 1988 Temperature— CTRL/BOTH

JJA 1988 Surface Air Temp. — Reanalysis
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JJA 1988 Temperature — CTRL/WIND
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JJA 1988 Temperature — SOIL/BOTH

300
297
294
291

35N

30N 288

N
20N - - = > et

JJA 1988 Surface Air Temp. — Case 4 BOTH }0

285

x

300

NASA/GSFC - Mocko & Sud 17 January 2002 - J8.16 37




JJA 1988 Temperature — LBOX/VEGI
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1988 Low-Level Jet — CTRL/WIND

988 South Wind — Reanalysis 988 South Wind — Reanalysis
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1988 Low-Leve Jet — SOIL/BOTH

988 South Wind — Reanalysis 988 South Wind — Reanalysis
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1988 Low-Leve Jet — LBOX/VEGI
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JJA 1988 Evaporation — CTRL/WIND
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JJA 1988 Evaporation — SOIL/BOTH
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JJA 1988 Evaporation — LBOX/VEGI
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1987 Soil Moisture

Values averaged over lllinois — 38—41N; 92-88W Values averaged over lllinois — 38—41N; 92-88W Values averaged over lllinois — 38—41N; 92—-88W
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1.

Conclusions

|mproved moisture transport and sol
moisture helps the model to ssimulate a
more realistic drought. This suggests that
observational data can help the mode.

Soil moisture and evapotranspiration are
critical to ssmulating the drought in the
GEOS model with McRAS, which Is not
the case In every mode!.
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Conclusions

3. Better knowledge of the biosphere had less of an

effect on the ability of GEOS to smulate the
drought as compared to soil moisture change.

Given the current state of GCMs and the
complexity of evolving external and local

forci ng, s imulation success |s not guaranteed.
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