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A study of the 1999 monsoon rainfall in a mountainous
region in central Nepal using TRMM products and rain

gauge observations.

A. P. Barros !, M. Joshi !, J. Putkonen 2, and D. W. Burbank °

Abstract. Raingauge data from the 1999 monsoon
were compared with precipitation derived from the pre-
cipitation radar (PR) and the microwave imager instru-
ments on board the Tropical Rainfall Measuring Mission
(TRMM) satellite. The raingauges are part of a new hy-
drometeorological network installed in the Marsyandi
river basin, which extends from the edge of the Tibetan
Plateau to the Gangetic basin. TRMM-derived pre-
cipitation showed better detection of rain at low alti-
tude stations as compared with high elevation stations,
with good scores for the PR product for rain rates
> 0.5 mm/hr. The 3D PR rain rates suggest strong
interaction between mesoscale convective systems and
steep terrain at elevations of 1-2 km, which is consis-
tent with the very high rainfall measured at those loca-
tions. Analysis of the raingauge data shows that even
at altitudes as high as 4,000 m the cumulative monsoon
rainfall is comparable to the highest amount recorded
in the Indian subcontinent.

Introduction

Data to study the variability of precipitation and the
dynamics of precipitation processes in the Middle and
High Himalayas are very scarce. There are no opera-
tional weather radars or radiosonde networks and the
existing raingauges are generally located along sheltered
valley-bottoms. The Tropical Rainfall Measuring Mis-
sion (TRMM), which was launched in November 1997
to monitor and study precipitation in the tropics and
subtropics provides, therefore, a unique research oppor-
tunity in this region.

Here, we report specifically on a study of the 1999
summer monsoon in the Marsyandi river basin in cen-
tral Nepal. The objectives of the study were to : 1)
describe the rainfall characteristics of the 1999 mon-
soon in the complex orography of central Nepal using
raingauge data from a newly installed hydrometeorolog-
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ical network; 2) evaluate the skill of TRMM sensors in
detecting rain-producing weather systems, and compare
TRMM-derived precipitation with ground observations;
and 3) use the 3D TRMM products to learn about the
spatial structure of storm systems in the Middle Hi-

malayas during the monsoon.

The TRMM hydrometeorological
network in central Nepal

In the spring of 1999, a network of sixteen mete-
orological stations was installed at elevations ranging
from 500 m to 4400 m from the leading edge of the Hi-
malayas to the accessible headwaters of the Marsyandi
river basin in Central Nepal (Figure 1). The names cor-
responding to the station numbers are in Table 1. High-
stand stations that were installed at locations above
2000 m consist of 10 m towers equipped with tempera-
ture and relative humidity probes, wind speed and wind
direction sensors, a sonic ranger to make snow-depth
measurements and a solar panel. Tipping bucket rain-
gauges are on separate stands away from the towers.
The low-stand stations consist of 1 m towers with tem-
perature and relative humidity probes, and a tipping
bucket raingauge. Both station types have autonomous
data-logging systems. To our knowledge this is the first
network covering a wide range of elevations and topo-
graphic settings in the Central Himalayas.

TRMM precipitation data

Three dimensional precipitation information is ob-
tained from two instruments on board the TRMM satel-
lite: the TRMM microwave radiometer (TMI) and the
precipitation radar (PR). The TMI is a 9 channel pas-
sive microwave radiometer which records radiation at
the 10.65, 19.35, 37.0, 85.5 (V and H) and 21.3 (V)
GHz frequencies. The instrument scans along a conical
swath with a width of 785 km. The footprints (IFOV’s)
of the channels range from 35.5 km x 59 km for the
10.65 GHz channel to 6.9 km x 4.2 km for the 85.5 GHz
channel [Kummerow et. al., 1998]. Surface rain and
hydrometeor profiles are based on the Goddard Profil-
ing algorithm for rainfall retrieval [Kummerow et. al.,
1996]. The PR operates at a frequency of 13.6 GHz.
The antenna scans at a +£17 degree angle with a 215
km swath width. The range of vertical observation is
surface to 15 km. The vertical resolution is 250 m and
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