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Hydroclimatology of Nepal in relation to
atmospheric circulations and indices
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Hydroclimatology over Nepal was studied for a period of 33 years using rain gauge and reanalysis
datasets. Since Nepal has particularly steep orography and intense rain events, Standardized Precipitaﬁon
Index (SPI) played a central role in the statistical analyses with the time scales of 3 months (SPI-3) and 12
months (SPI-12), as they represent agriculture and hydrological aspects, respectively. The spatio-temporal
pattermns were explored based on ordinary and rotational Principal Component Analyses (PCA and RPCA).
For both time scales two distinct spatial pattems were found in the PCA.: i.e., PC1 shows strong drought
probability on central-eastern Nepal, while PC2 represents larger signals of drought risk in western Nepal.
From RPCA with the constraint of localized horizontal patterns, PC1 is nearly separated into RPC1, RPC2
and RPC3. SPI-12 is very much dominated by summer monsoon rainfall, although SPI-3 retains both
summer drought in central-eastern Nepal and winter drought in western Nepal. Correlation was observed
between Southem Oscillation Index (SOI) and the temporal component (PC1) of SPI-12, while the
relationship is weak for SPI-3. The seasonal characters of SPI-3 suggest one-year continuation either of
summer drought from the previous winter or until the next winter, however this duration has disappeared
since late 1990s.

The drought study was extended to analyses of atmospheric circulation mechanisms. Summer
precipitation is a part of monsoon circulation, and hence, it was investigated emphasizing a moisture flux in
consideration of land-ocean distribution and large-scale atmospheric patterns such as El Nifio-Southem
Oscillation (ENSO) and Dipole Mode Index (DMI) over the Indian Ocean. The mean summer monsoon
rainfall over Nepal (SMRN) is low in the northwestern region along with a peak in the central Nepal over
the local orography that is favorable for summer monsoon winds blowing up the slope. The controlling
factor over SMRN is moisture flux carried by pressure depressions, which take routes along the eastern
arm of the persistent intense monsoon low in the northern Bay of Bengal (BOB), as proved by a significant
correlation between SMRN and the moisture flux through the zonal section over BOB. The background
condition of SMRN exists in the low pressure over BOB, which is supported by the stronger Walker
circulation during La Nifia. Inter-relationship between SMRN and those climate indices proved that the
correlation with DM arises from that betweén SOI and DM, since the residual values from regressions of



SMRN and DMI on SOI have null correlation between themselves. This implication is consistent with the
analysis result that SMRN has negligible correlation with the moisture flux from the Arabian Sea.

In wintertime (DJFM), Nepal receives particularly less amount of precipitation, compared with
summer, but has a significant role for drought evolution. This weak precipitation system is linked with the
atmospheric variables in winter season. Additionally the study was expanded to larger-scale atmospheric
circulation to the Indian, Pacific and Atlantic Oceans. A strong linkage was suggested between the
wintertime precipitations and the moisture flux from the Arabian Sea and the further westem region: i.e.,
drought occurs with the negative DMI, while the relationship with the SOI is reversed between summer and
winter. The RPC4 of SPI-3 particularly explains the winter drought, suggesting that combination of SPI and
RPCA provides the objective method to explore a drought condition all over different seasons despite of the

mean precipitation cycle over an entire year.
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