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- ABSTRACT -

Ve have investigated the folléw;ing qijéstiar;s in this paperi

1. How good are the existing observed rainfall  climatologies -aver ° -
the tropical oceans? A i S : C .

2. vVhat are the similarities and differences between the rainfall
climatologies produced by -different -glebal general circulation _ _

3. ihat is the magnitude and structure of the interannual variabi-
lity of wmonthly mean rainfall over the tropical oceans a&s
wimulated by G(is, and how does it compare with the interannual - . _
variability of the outgoing long wave radiation (OLR). anomalies? - - w0 .o o0

4. What is the magnitude and ‘structure of rainfall anomalies associ-
ated with the warm episcdes of the El Nine-Southern Oscillation
(ENsQ) phenomencn?

1% hope that an investigation of these questions will help estab-
lish the need and scientific justification for TRM, and interalia,
will help evaluate whether the expscted accuracy of the proposed - -
measurement mission is adequate. .

1. - INTRODUCTION

Interannual changes of monthly and scasonal mean rainfall in the
tropics, and the associated changes in the tropical and the oxtra-
tropical atmospheric and oceanic circulations represent one of the
most important components of the. global climate variability. These
changes can occur either due to interactions !x:tween the atmospherc,
ocean and biosphere or due to the internal dynamical processes in
the atmosphere itself. In either case ar uncertainty in the esti-
mate of rainfall over the tropical oceans has romained a stumbling
block in our understanding of the global hydrological cycle and in
verifying global dynarmical mexdels for which changes in rainfall
represent changes in the vortically Integrated diabatic forcing due
to latent heat of condensation.

Recognizing the need for rmore reliable wmeasurements of tropi-
cal rainfall, an carth-obscrving system, known as the Tropical Rain
Measurcment Mission (TR}, has been projased.
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The main scientific goals of this mission are:

l. To advance the earth system science objective of understanding'
the global energy and water cycle by means of providing distri-
butions of rainfall and heating over the global tropics.

2. To understand the mechanisms through which changes in tropical
rainfall influence global circulation, and to improve our abil~
ity to model these processes in order to predict global circula-
tion and rainfall variability at monthly and longer time scales.

It is hoped that TRMM will help answer the following important
questions; :

1. hat is the 4—dimensional structure of latent heating in the
tropical atmosphere? How does it vary diurnally, intraseason-
ally, seasonally and annually?

2. ®hat is the role of latent heat released in the tropics in both
tropical and extra-tropical circulations?

3. twhat is the ronthly average rainfall over tropical ocean areas
of about 10° km? and how does this rain and its variability
affect the structure and circulation of the tropical oceans?

4. What is the relationship between precipitation and changes in
the boundary conditions at the earth's surface (e.g., sea sur-
face temperatures, soil properties, vegetation)?

5. What is the diurnal cycle of tropical rainfall and how does it
vary in space? .

6. What is the relative contribution of convective and stratiform
precipitation and how does the ratio vary In different parts of
the tropics and in different seasons?

7. How can improved documentation of rainfall improve undarstand-
ing of the hydrological cycle in the tropics?

In the present paper we have described the seasonal cycle of
OLR and observed rainfall to determine the reliability of existing
observed rainfall climatologies over the tropical oceans. We dis-
cuss the results of rainfall simulation by global gencral cireula-
tion models. 1In particular, we have examined the similarities and
differences between the rainfall climatologies and their variabil-
ity for two different OMs. we also describe the magnitude and
structure of rainfall anomalies assoclated with the wam episodes

of. the ENSO phenomenon.
2. SUMMARY AND CONCLUDING REMARKS

We have first examined the scasonal cycle of OLR and observed
rainfall. Since we have only long-term monthly mean fields of
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chserved rainfall (Jaeger, 1976}, we have examined the departures of
January and July mean rainfall from the annual mean. We find that
the magnitude of the interannual variations of observed rainfall over
the. tropical oceans is far less than that over the tropical land
masses. We have also compared the interannual changes of OLR over
the tropical oceans with Jaeger's. observed rainfall data and find
that the magnitude of the interannual changes for OLR is considerably
larger than that for the observed rainfall and alsc has larger spa-
tial coherence. WwWe also £ind rather unexpectedly that the structure
of the interannual changes of observed rainfall and OLR are so similar
over the tropical land masses that the OLR anomalies could be convert-—
ed to the rainfall anomalies (5.7 watts m™% = 1 mm day"l: Arkin, per-
sonal comaunication). This leads us to suggest that the interannual
changes of rainfall over the tropical oceans based on OLR changes gan
also be considered to be more realistic than those derived from scanty
rainfall observakions over the oceans.

We have camwpared the monthly mean rainfall fields simulated by the
two different global general circulation models of GFDL (Geophysical
Fluid Dynamics Laboratory) and GIA (Goddard Laboratory for Atmospher-
ic Sciences) and it is found that the rainfall rates for the GLA
model, particularly over the westerm Pacific, are larger than those
for the GFDL model. Considering the uncertainty of rainfall data
over the oceans we find it difficult to comment on the relative
accuracy of the two model simulations. Since both the models have
been successful in addressing various aspects of climate variability
ard predictability, such large differences .in the rainfall rates
simulated by the two GOMS point to the need for a quantitative measur-
ement of rainfall over tropical oceans. o

He have also examined the interannual variability of monthly mean
rainfall simulated by the GFDL and GLA models and compared these
with the interannual variability of the outgoing long wave radiation
(CLR}. There is a remarkable agreement between the wvariability of
the model-simulated rainfall by both models and OLR. {See Figs. 1,
2, and 3). All three estimates of rainfall variability indicate that
the western Pacific-eastern Indian Ocean is the region of highest
rainfall variability over the globe, The value of the standard devia-
tion ranges from 2-4 mm/day™ over areas of several million square
kilometers.

Finally, we have examined some results from previous studies on
the sensitivity of GOM-simulated circulation and rainfall to observed
S5T ancmalies in the tropical Pacific. We find that the magnitude of
the monthly mean rainfall anomalies in the western Pacific that occur
in association with the ElI Nino episcdes are in the range of 4-8 mm/
day for a spatial scale of 1000-2000 kilcmeters.

Based on these results of observed and model simulated rainfall
variability we suggest that the TR observing system which is expect—
ed to have the required accuracy to resolve monthly mean rainfall
anomalies of 1 mm/day™ " averaged over areas of about 500 km x 500 km,
should be adeguate to describe the interannual variability of monthly
rainfall over the tropical oceans.
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Figure 1. Standard deviation of Tanuar:y mean ramfall (mm/day}
as simulated by the GLAS climate model. :
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Figure 2. Standard deviation of January mean OLR (watts/mz) based
on chserved data, 1974-1986.
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Figure 3. Standard deviation of July mean CLR (watts/m%) based o

observed data, 1974-1986.






