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The simulation of monsoons, in particular the Indian summer monsoon, has
proven to be a critical test of a general circulation models ability to simulate tropical
climate and variability (Simulation of Monsoon Variability, WCRP-68, 1992). In an
effort to better understand the necessary conditions for the simulation of a phenome-
nologically correct Indian Monsoon, we present analyses of simulations associated
with the Atmospheric Model Intercomparison Project, a coordinated effort to simulate
the 1979-88 decade using standardized boundary conditions with approximately 30
atmospheric general circulation models. Diagnostics, such as those performed under
the auspices of the Monsoon Numerical Experimentation Group have been evaluated
to address questions regarding the predictability of monsoon extremes. Particular at-
tention has been devoted to the 1987 and 1988 Indian monsoon drought and flood re-
gimes associated with E1 Nino and La Nina conditions in the Pacific.

Examination of the observed 1988-1987 differences of JJA averaged precipita-
tion and low-level flow at 850 hPa indicate that there were several features that con-

tributed to the enhanced precipitation over the Indian subcontinent, the Arabian Sea
and the tropical Indian Ocean (Figs.la and lc). The enhancement of the Somali jet in

" conjunction with the presence of equatorial easterlies were associated with conver-
gence and enhanced precipitation over the southern portion of the subcontinent and

• over the ocean, while over the northwestern portion of the subcontinent stronger
westerly flow and suppressed dry-air advection contributed to the increased precipi-
tation. Additionally, southeasterly anomalies over the Bay of Bengal strongly suggest
that interannual changes in the behavior of the monsoon trough affected the distri-
bution ofprecipitation over the northeastern portion of the subcontinent. Table 1 sub-
jectively indicates the ability of the presently available AMIP models to simulate
these low-level flow patterns deemed influential to the increase of"precipitation in
1988 relative to 1987. In general the models exhibited subsets of the features deemed
important with the most significant shortcoming being that all of the models were un-
able to capture the spatial st,_ucture of the precipitation enhancement that occurred



overthe ocean.In the low-levelflowthisisexhibitedby the pronounced inabilityof
the models tosimulatethe easterlyanomaliesoverthe Indian Ocean. Most models
were abletosimulatean enhanced Somalijettosome degreebut clearlysuch an in-
creasein the low-levelflowdid notguaranteeproductionofenhanced precipitation
overthesubcontinentortheoceanthroughenhanced surfaceevaporation.To varying
extentssoutheasterlyanomaliesovertheBay ofBengal and the continentwere sim-
ulated.Those models that have been successful in qualitatively simulating enhanced
precipitation exhibit difficulty in simulating the spatial characteristics of the signal
with fidelity. As an example, the 1988-1987 JJA differences of precipitation and
850hPa winds from the ECMWF AMIP simulation are given in Figs. lb and ld. The
enhanced precipitation over the Indian subcontinent in this simulation arises as a
consequence of southeasterly anomalies over the Bay of Bengal that extend over the
Indian subcontinent. These anomalies are indicative of monsoon trough displace-
ments and suppressed dry-air advection in 1988 relative to 1987.

In a effort to ascertain the robustness ofthe ECMWF models response to the pre-
scribed sea-surface temperatures, three additional AMIP sensitivity simulations
have been examined. These 10-year runs only differed in the prescription of the initial
conditions. Examination of an All-India rainfall index (land points only, not shown)
from these runs indicated that in each case the Indian subcontinent was wetter dur-

ing the summer of 1988 than 1987, and that the low-level flow anomalies were qual-
itatively similar. With respect to each year, the rainfall departures were of similar
magnitude during 1987 while those during 1988 exhibited a larger spread indicating
that this models response to the E1 Nino conditions of 1987 was more coherent than
its response to the La Nina conditions of 1988.

Examination of the 10-year JJA precipitation and low-level flow climatologies
from the ensemble of AMIP integrations generally indicates that a weak Somali jet is
associated with an underestimate of precipitation over India. Hence, while it is nec-
essary to simulate the large-scale flow in order to obtain a good monsoon precipitation
distribution, there are regional scale phenomena, such as the behavior of the trough
in the Bay of Bengal and the dry-air advection from the northwest, that play impor-
tant roles as mechanisms in moderating monsoon precipitation on seasonal and inter-
annual time scales.
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Figure 1. 1988-1987 differences of June]July/August averaged precipitation (mm/day) a)_GPCP satellite
derived recipitation, b)ECMWF AMII_.. sim_ation; and 850hPa winds c!ECMWF ini_tiali_zations _ EC:al_

P _- -, are snaae_ r'OSll_xve tne auve) conwu/-_ _tt,_ o,,.,.,
AMIP simulation. Precipitation anomafies _ t rnv,,uua_. • g

(dashed). Contours are given for anomalies +1, 2, 4, 8, ,2... mm/day.
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Table 1:The abilityof the availableAMIP models to qualitativelysimulatethe
enhanced precipitationand 850hPa flowanomaliesduringJJA 1988 relativeto1987
isindicated.(+)indicatessome abilityto simulatethe observed characteristics;(-)
indicatesthatthe simulatedanomaliesarein oppostiontothoseobserved,and lack
ofa symbol indicatesthata model failedtosimulatea givenfeature.
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