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ABSTRACT
This paper describes a series of numerical experiments simulating the effect of large-scale irrigation on short-

term changes of hydrology and climate. This is done through the use of a simple ‘geneml circulation model.

with a limited computational domain and idealized geography.

The soil at three latitude bands, namely 30°N-60°N, 0-30°N, and 15°S-15°N is initially saturated with
moisture. The results from these experiments indicate that irrigation affects not only the distribution of evaporation
but also that of large-scale precipitation. It is found that the anomalies of soil moisture created by irrigation
of these respective latitude zones can persist for at least several months due to increased evaporation and
precipitation. Furthermore, if the irrigated region is located under a rainbelt, precipitation in that rainbelt is
enhanced. Conversely, if the irrigated region is not located under a rainbelt, much of the additional moisture
is transported to a rainbelt outside this area. Thus the moist moisture anomaly for the 30°N-60°N case which
is located under the middle latitude rainbelt tends to persist longer than the corresponding anomaly for the
0-30°N case.

Although both the 30°N-60°N and 15°S-15°N latitude regions occur under rainbelts, the soil moisture
anomaly for the 15°S-15°N case does not persist as long as it does for the 30°N-60°N case. This is because
in the 15°S-15°N case, 2 much greater fraction of the increased precipitation is lost from the hydrologic cycle
due to runoff there as compared with the 30°N-60°N case.

The above changes of the hydrological processes also cause corresponding changes of the thermal state of
the atmosphere such as a cooling of the surface due to increased evaporation. This results in changes of the
mean zonal circulation through the thermal wind relationship. It is found that irrigation in the tropical region
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weakens the upward branch of the Hadley circulation in the vicinity of the tropical rainbelt.

1. Introduction

The influence of land surface processes on the
weather or short-term climate change has been ana-
lyzed and discussed by Namias (1962, 1963). Also,
more recent investigations have indicated that large
changes of surface hydrologic conditions can lead to
rather extensive variations of the hydrologic cycle. For
example, Manabe (1975), Walker and Rowntree
(1977), Kurbatkin ef al. (1979), Shukla and Mintz
(1982), Rind (1982) and Rowntree and Bolton (1983)
investigated this problem using different versions of
GCMs. In these studies, comparisons were made be-
tween numerical experiments in which relatively wet
and very dry soil moisture conditions were used, re-
spectively. The results from these various studies were,
qualitatively, similar and indicated a considerable re-
duction of evaporation and precipitation over the
anomaly areas for the dry cases as compared with the
relatively wet cases. This reduction of evaporation and
precipitation was found to be accompanied by an in-
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crease of surface temperature. This latter feature was
caused by a reduction of latent heat flux by evaporation
from the land surface. The results of these studies show
that soil moisture can play an important role in de-
termining regional climate and hydrology.

The purpose of the present investigation is fourfold.
The first is to evaluate the persistence of soil moisture
anomalies generated by very large-scale irrigation for
three separate latitude zones. Since water vapor will,
eventually, be transported out of the irrigated regions,
it is of interest to determine the time scale of this
removal. Secondly, it is of interest to evaluate the lat-
itudinal dependence of the effect of the increased soil
moisture on the short-term climate and hydrology.
Since the prevailing atmospheric circulation is different
from one latitude zone to another, it is worthwhile to
study the various responses involved as a function of
latitude. For example, the previous studies indicated
that, although soil moisture was either systematically
increased or decreased, the response of hydrology was
far from uniform over the land areas considered in
each investigation. It, therefore, seems desirable to at-
tempt to understand this non-uniform response by
designing a series of experiments to investigate how
the persistence of a soil moisture anomaly depends






