
COMMENT

The need for micro-scale and meso-scale hydrological
research in the Himalayan mountains

Mountains are fragile ecosystems and globally important as water towers of the earth. Sustainable
use of mountains depends upon conservation and optimal use of soil and water resources (Ives &
Messerli 1989). Despite regional and global efforts to understand the hydrology of the Himalayan
region, soil and water conservation (SWC) programmes in this region mainly rely upon engin-
eering measures. For want of cost-effective vegetative (bioengineering) measures (Deoja et al.
1991), and land use and land cover conducive to SWC, the fragile Himalayan watersheds continue
to lose soil and water at alarming rates.

Studies on the hydrology of the Himalayan mountains (e.g. Bruijnzeel & Bremmer 1989;
Alford 1992; Bandopadhyay & Gyawali 1994) have made it clear that the hydrological research
conducted in this region so far is inadequate to support the commonly-held notion that deforesta-
tion and other anthropogenic activities by the mountain inhabitants cause floods in the adjacent
plains. Despite its appeal to logic and conventional wisdom, this view has been challenged (Carson
1985; Hamilton 1987) on the grounds that the effects of mountain inhabitants must be insignifi-
cant in comparison to the substantial geophysical processes involved. This controversy is largely a
matter of scale and historical perspective (Ives et al. 1987). The assertion that upland reforestation
will control downstream floods does not hold for the Himalayan situation (Ives & Messerli 1989).
Bruijnzeel and Bremmer (1989) pointed out that first it is necessary to define the scale to which
such statements apply.

A scale problem arises in hydrology because different factors and processes are dominant at
different scales. These include the large number of variables and physical laws that govern the
phenomena, the spatial distribution of such properties as soil hydraulic conductivity and soil mois-
ture condition, and the stochastic nature of such variables as storm intensity and other attributes
(Lacey & Grayson 1998). This heterogeneity can have a significant impact on runoff generation at
the catchment scale (Sharma et al. 1980). For example, hill slope runoff processes may dominate
at sub-catchment scale; the channel network geometry becomes important in meso-scale basins
(up to the order of 100 km2), while in large basins the spatial variability of precipitation becomes
important (Gupta & Dawdy 1995). Therefore process descriptions that have been derived at the
experimental plot do not necessarily hold true at the catchment scale (Bloschl et al. 1997). This
comment reviews the state of micro-scale and meso-scale hydrological research in the Himalayan
mountains with a special objective of assessing how such studies could contribute to the SWC
efforts in this region.

Micro-scale (plot-level) studies in the Himalayan mountains
Hydrological studies on Himalayan forests involving runoff plots (e.g. Singh et al. 1983; Singh &
Gupta 1989; Negi et al. 1998), agriculture (Sen et al. 1997), grassland (Ram & Ramakrishnan 1988)
and slash-and-burn (jhum) agriculture (Toky & Ramakrishnan 1981) have observed runoff and soil
loss mainly in the rainy season. Pre-monsoon and winter showers, which may produce sizeable
runoff, have been ignored. Further, the runoff-plot size (2 � 2 m to 77 � 45 m), replication of
observations, season of study, and other micro-scale characteristics differ among studies (e.g. Rai
& Sharma 1998). Due attention has not been given to effects of geology and soil structure on
hydrological responses. These discrepancies have resulted in runoff and soil loss data scattered
over a wide range. For example, runoff for croplands ranges from 1.3–37% of rainfall and that in
grassland from 5–86%. Similarly, soil loss from cropland (0.3–37 t ha�1 yr�1) and jhum fallow
land (1.9–565.3 t ha�1 yr�1) present a wide range compared to runoff (0.01–2.17% of rainfall) and
soil loss (0.009–0.057 t ha�1) reported for forests during the rainy season. This limited data set
reveals that grasslands lose more water; jhum cultivation loses both water and soil in greater
magnitude, and forested land loses smaller quantities of soil and water through runoff. In
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summary, with this limited number of studies, it is difficult to establish the SWC value of any of
these land uses.

Meso-scale (watershed-level) studies
Meso-scale studies in the region have encompassed a wide range of watershed areas
(0.14–2600 km2), altitudes (300–3600 m above sea level), average catchment slopes (12–60�),
annual rainfall levels (804–2552 mm) and topographies. Most of the studied watersheds experi-
ence substantial anthropogenic influence on natural resources (e.g. Rawat & Rawat 1994; Joshi &
Negi 1996; Chaudhary & Sharma 1999). In general, both streamflow (range 1.1–76% of annual
rainfall; Valdiya & Bartarya 1989; Singh 1997) and sediment transport (0.67–37 t ha�1 yr�1) are
not indicative of any trend in relation to watershed characteristics. Both streamflow and sediment
transport were found unrelated with watershed area (r � 0.04 and r � 0.09, respectively) and slope
and annual rainfall were not significantly related (r � 0.07). Rate of soil erosion was found greater
in the Shiwaliks (the youngest outer Himalayan mountains; Valdiya & Bartarya 1989; Rana &
Subehia 1996) compared to other physiographic regions of the Himalaya (e.g. Sastry et al. 1983;
Rawat & Rai 1997). Greater magnitude of soil loss in the Shiwaliks has been linked to immature
and weak geology (Valdiya & Bartarya 1989). Studies on experimental watershed alteration of land
use and forest cover either could not detect any change in water yield (Subba Rao et al. 1985) or
recorded reduced water yield (e.g. Mathur et al. 1976).

Conclusion
Micro-scale and meso-scale studies reveal that although some micro-watersheds and land uses
(e.g. forests) have been studied, these studies do not provide much insight into the hydrologic
processes. For example, the runoff recorded does not contain information, whether it is satu-
ration excess (Dunne type) or infiltration excess (Horton type). Effects of rainfall intensity on
runoff, soil loss, infiltration and other hydrological parameters (e.g. evapotranspiration) are
poorly understood. A few studies have separated suspended, dissolved and rolling load. Others
have measured total sediment transport. These aspects need further research. University depart-
ments under constraints of facilities, instrumentation and manpower initiated studies that held
human population pressure, including deforestation and traditional agricultural practices,
responsible for soil loss and quick-flow (e.g. Rawat & Rawat 1994), and provided simplistic and
generalized recommendations for management of plantations, grazing, tree cutting and other
human activities to check soil and water erosion (e.g. Berry 1988). Some studies involving small
runoff-plots and few rain showers have extrapolated results over larger areas or even entire
regions.

An evaluation of the role of land use in determining streamflow and sedimentation patterns at
the micro- and meso-scales is difficult. The micro-scale studies (involving small runoff-plots) may
have covered only the idle conditions of land use, whereas in the meso-scale studies a variety of
land use types, basin geomorphologies and rainfall distributions would have played a dominant
role in streamflow generation and sedimentation processes (Haigh 1982). Therefore, the telling
effects of the land use remain confined to the runoff-plot level and in no way suggest extrapola-
tion to a meso-scale. Hydrological research in this region is still in its infancy and inadequate to be
used for SWC programmes. Hydrological investigations on major land use practices in the
Himalayan mountains are required, considering physiographic conditions, altitude, slope, 
soil, geological setting, rock type, rainfall and cropping practices, employing a uniform method-
ology and instrumentation. Such research should be conducted in a number of carefully-selected
well-instrumented catchment areas over many years; this would enable statistically-sound tech-
niques to be used for the evaluation of the hydrological effects of changes in land use or
management.
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