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Foreword

According to the first proposal, the research for this thesis should have been carried out
entirely in the Yarsha Khola catchment area, comprising a field-based and in-depth process
understanding of streamflow generation in a middle mountain catchment of the Hindu
Kush-Himalayas. However, the political situation in Nepal did not allow extended field
work, particularly after the incident at the Yarsha Khola field office on February 2, 1999. A
second proposal was drafted one year into the work, detailing preparations for the first
extended field season, due to begin in March 1999 with the onset of the pre-monsoon rains.
This proposal aimed to review the existing database of the Jhikhu Khola catchment and
attempted to synthesise information already collected. While field-based work in the
Yarsha Khola catchment may have engendered a more proactive approach, with more
chances to generate 'new knowledge’, the reactive approach that was subsequently
adopted for work in the Jhikku Khola catchment is probably more helpful in terms of
understanding how far we have reached in the project over the years. The new knowledge
in this study is the detailed interpretation of information and data from different surveys,
measurement campaigns, and long-term data monitoring.

Juerg Merz
April 13, 2003
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Executive Summary

This study is embedded in the People and Resource Dynamics of Mountain Catchments in the
Hindu Kush-Himalayas Project (PARDYP). PARDYP is a regional research-for- development project,
working in natural resources and watershed management. The project includes five catchments of
20 to 110 km? across the Hindu Kush-Himalayan region, with sites in China, India, Pakistan, and two
sites in Nepal.

The study examines the current situation of water resources in selected meso-scale catchments in
both the biophysical and socioeconomic contexts. It focuses primarily on the Jhikhu Khola
catchment (Kavrepalanchok district) in the middle mountains of Nepal, and compares the results
with the Yarsha Khola catchment (Dolakha district), as well as with the PARDYP catchments in
China, India, and Pakistan. It aims to contribute to increased understanding of water resources and
water-related processes, such as soil erosion and land degradation, as well as contributing towards
knowledge about integrated catchment development with minimised water-induced land
degradation and minimised water resource degradation. The main components of the study are as
follow:

¢ runoff generation and floods,

¢ sediment mobilisation and transport,

e water availability for domestic and agricultural purposes

* impact of future change on water resources and related processes, and

¢ synthesis and development of a framework for comparison of catchments in the region.

Research was based on the results of various surveys and mapping campaigns carried out in the
catchments, and on detailed hydro-meteorological data collected according to the nested approach.
This approach allowed the investigation of processes from the micro- to the meso-scale, that is, from
plot to catchment level. It also determined the scale dependency of these processes.

To begin with, the inherent conditions of the catchments regarding flood generation, land
degradation, and water scarcity from the perspectives of catchment characteristics, human settings,
and processes were assessed. According to these criteria, the PARDYP Nepal catchments are in a
fragile and vulnerable region. Water scarcity is caused mainly by the seasonality of water resources
and their management. Precipitation is highly seasonal, with 75 to 80 % of the rainfall occurring
during the monsoon season, and 10 to 15 % falling during the pre-monsoon season. The rest of the
year is virtually dry. Evapotranspiration rates peak during the pre-monsoon season, making March to
April the driest time of the year, as runoff also reaches its lowest point during this time. Water supply
for domestic use is at a minimum during this time and many households face hardship fetching
water. In terms of water quality concerns, the peak risk season is the early monsoon, with the
highest microbiological and chemical contamination. Local water use for agriculture is, in general,
well adapted to seasonality. Even so, farmers perceive there to be a water shortage since they are
not able to grow any additional crops during this time. Farmers at the tail end of irrigation systems
receive inadequate water supply even during the wet season. The time of highest risk for farmers is
the time between the first pre-monsoon rains and the onset of the monsoon, as this is the time when
maize is planted and the rice nurseries are prepared. Agriculture is also vulnerable in the winter
season, when wheat and potatoes are grown. Rainfed crops can be damaged in dry conditions, and
little rainfall might mean that one less crop can be planted on irrigated land. In addition, the
growing number of farmers producing cash crops puts an additional stress on water resources.
These issues suggest that in future the focus should be on improved management of irrigation
systems, catchment-based management of water resources, appropriate technologies to reduce
water demand and increase water availability during the dry season, and improved water quality
management.

Floods are generated mainly in the monsoon season. In general, it is during this time that the most
intense rainfall events with the highest intensities and volumes occur. It was shown that runoff
generation on degraded areas as well as on grasslands contributes most to flood volumes, while



rainfed agricultural land only contributes marginally to flood behaviour. It is important to keep this in
mind for the discussion on the impact of Himalayan farmers on downstream flooding. Cultivated
land in general has a beneficial impact on flood generation, while degraded land and grassland
increases the volume as well as the peaks. A cluster approach defined rainfall intensity and volume
as the main determinants for flood generation. On degraded land and grassland, infiltration excess
overland flow is expected to produce surface runoff; while, on agricultural land, it is largely
saturation excess overland flow that is responsible for producing surface runoff. At the catchment
level, processes similar to those on degraded land contribute to flood generation. In terms of the
largest flood events, no particular pattern was observed, except that these events generally occur
when rainfall throughout the catchment exceeds 25 mm, with a maximum of 30-minute rainfall
intensities of >10 mm/h; or events in pocket areas of the catchment with more than 10 mm rainfall
and more than 20 mm/h, 30-minute intensity. In addition, it was observed that land use had no
impact on the largest events. In terms of flood protection and management, downstream planning
and prohibition of river channel encroachment will yield better results than small-scale land-use
changes in the upland catchments.

Soil loss was shown to be greatest on degraded land, followed by agricultural land, and grassland. A
difference was observed between the seasons on the agricultural land in the Jhikhu Khola
catchment, while in the Yarsha Khola catchment no difference was observed. Likewise, on
grassland as well as on degraded land, no difference was observed between the seasons. From a
total soil loss perspective, the current soil loss rates from the agricultural land are not of major
concern as they balance the natural soil development. Surface erosion on degraded patches as well
as gulling on these areas produce much higher loads and are of particular concern for downstream
areas. The surface soil loss, in addition to the sediment produced in the streambed and the roads,
adds up to sediment loads of medium to high magnitude.

Farmers themselves do not see surface erosion from their fields as a major issue. Soil conservation
activities will only be successful if farmers see an additional benefit to soil conservation, such as
increased fertility, increased income, or increased fodder availability. To reduce the sediment yield
from the catchments, focus should be given to the streambanks, the road network, and the degraded
areas.

The study also investigated the possible impacts of future changes on established and inherent
conditions under different scenarios. To date, these include increasing population, global climate
change, and marginalisation or extensification of the areas. It was shown that potential climate
change might lead to lower water availability in the presently critical seasons, while increased
rainfall may increase the magnitude and number of flood peaks. Population growth will lead to
increased water demands for domestic purposes, while an intensification in the already highly
intense farming systems is less likely, and food will have to be produced elsewhere, or more focus
will have to be given to staple food production in the future. The land-use scenarios could not deliver
conclusive answers, as the vegetation parameters were inadequate and need to be improved with
the availability of the respective data. From a methodological perspective, the distributed model
PREVAH (precipitation-runoff-evapotranspiration-hydrotope model) showed the best performance
with potential improvement possibilities. The Tank model was the most user-friendly model tested.
These models will have to receive further attention in terms of incorporation of rainfall intensity and
calculation of evapotranspiration.

For the comparison of catchments in the region, an index approach for the assessment of the three
susceptibilities is proposed. The Water Poverty Index (WPI), the Flood Generation Index (FGI), and
the Water Induced Degradation Index (WDI) have shown good first results during the comparison of
the PARDYP Nepal catchments and could be used to compare these catchments with those in
Pakistan and India. The Jhikhu Khola catchment had a lower WPI than the Yarsha Khola catchment,
mainly due to fewer water resources, less access, greater use, and more adverse effects on the
environment, while in the Yarsha Khola catchment the capacity score was lower.

This study concludes that the most important considerations when developing water management
decision-support systems are: location with reference to potential water sources, water use, and
temporal distribution of water demand and availability.
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Glossary

In this report the term catchment is used as a synonym for watershed, meaning the area drained by
one particular river or stream. To indicate that the discussion is focusing on part of a catchment, the
term ‘sub-catchment’ is used. Watershed is used as the term for catchment boundary or divide.

bari
bazaar

criticality ratio

dry spell

hydrograph

hydrological response unit

hyetograph

Hymos

khet
khola
kosi
kuwa

Landflucht

model calibration

model validation

rainy day

sanitation

rainfed agricultural land (Nepali)
market (Nepali)

ratio of average annual water withdrawal to water availability (Alcamo
et al. 2000)

a period of 15 days with no more than 1 mm of rain each day (Mosley
and Pearson 1997)

graph of discharge as a function of time at a given station
catchment area unit with similar hydrological response
graph of rainfall as a function of time at a given station

software for environmental data management distributed by Delft
Hydraulics, the Netherlands

irrigated agricultural land
river, stream (Nepali)
river (Nepali)

spring box (Nepali)

outmigration of people from rural to urban areas; urbanisation from the
perspective of the rural areas

process of appropriate parameter selection (Sorooshian and Gupta
1995)

process of parameter verification on a new dataset previously not used
in the calibration procedure (Sorooshian and Gupta 1995)

day with equal or more than 1 mm of rain per day

use of sanitary means of excreta disposal using flush toilets or pit
latrines (NPC 2000)



Symbols and Units

Units

In general Sl units are used throughout this study.
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Median of all parameters for hydrological events, Jhikhu Khola

Median of pre-monsoon and monsoon hydrological events, Jhikhu Khola

Median of maximum ten hydrological events, Jhikhu Khola

Correlation coefficients at Site 2 and number of significant correlations at all four
sub-catchments, Jhikhu Khola (maximum = 4; Appendix A3-16)

Results of the factor analyses for hydrological parameters of all events, Jhikhu Khola
Discharge event parameter clusters

Final cluster

Correlation coefficients of hydrological parameters with respect to antecedent
precipitation conditions at Site 2 and number of significant correlations in brackets,
Jhikhu Khola catchment

Results of the factor analyses for antecedent precipitation characteristics, Jhikhu Khola

Correlation of discharge event with rainfall event parameters at Site 2 and number of
significant correlations at all sites, Jhikhu Khola catchment

Pearson and Spearman correlation coefficients between clusters of different origin
Correlation coefficients for runoff from the plots with event parameters at the
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Median for selected rainfall parameters of large events
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Rainfall event parameters (median) for large pre-monsoon and monsoon events
Rainfall event parameters (median) for 10 largest events in the Yarsha Khola catchment
Rainfall event parameter correlation analysis for Site 6 and number of significant
correlations for all sites in brackets

Key variables (=) for precipitation, Yarsha Khola catchment

Cluster centres of different parameters at different sites, Yarsha Khola catchment
Final clusters for rainfall events, Yarsha Khola catchment

Annual frequencies of events of different clusters

Events on the erosion plots

Medians of all runoff events on the erosion plots in the Yarsha Khola catchment
Medians of pre-monsoon and monsoon runoff events on the erosion plots in the
Yarsha Khola catchment

Median of the 10 largest runoff events, Yarsha Khola catchment

Correlation coefficients for runoff - Summary of the four erosion plots in the

Yarsha Khola catchment

Plot and soil characteristics

Infiltration rates calculated from rainfall events t,<60min, l.. > 10mm/h and

P > 5mm

Events at all sites in the Yarsha Khola catchment

Median of all parameters for hydrological events, Yarsha Khola

Median of pre-monsoon and monsoon hydrological events, Yarsha Khola

Median of 10 maximum hydrological events, Yarsha Khola

Correlation coefficients at Site 7 and number of significant correlation in backets,
Yarsha Khola

Results of the factor analyses for hydrological parameters of all events, Yarsha Khola
Centres of discharge event parameter clusters, Yarsha Khola catchment

Final clusters for discharge events, Yarsha Khola catchment

Correlation coefficients of hydrological parameters with respect to antecedent
precipitation conditions at Site 7 and number of significant correlations in brackets
Results of the factor analyses for antecedent precipitation characteristics, Yarsha Khola
Correlation of discharge event with rainfall event parameters at Site 7 and number of
significant correlations at both sites

Rainfall cluster of the Jhikhu Khola and Yarsha Khola catchments

Spearman correlation coefficients r for morphometric and topographic catchment
characteristics in relation to hydrological event characteristics

Spearman correlation coefficients r for land-use related catchment characteristics in
relation to hydrological event characteristics

Hydrological event parameters for largest events at Site 1, Jhikhu Khola catchment
Rainfall clusters for the rainfall events triggering the largest flood events in the Jhikhu
Khola catchment

Rank of flood events in the sub-catchments during the time of the largest events

at Site 1, Jhikhu Khola catchment

Hydrological event parameters for largest events at Site 1, Yarsha Khola catchment
Rainfall clusters for the rainfall events triggering the largest flood events in the Yarsha
Khola catchment

Priorities of the occurrence of erosive processes and their importance as sediment
sources in the Jhikhu and Yarsha Khola catchments (rating 1 to 5)

Annual soil loss [t/ha] (in brackets the annual rainfall in mm at the plot)

Annual soil loss [t/ha] (in brackets the annual rainfall in mm at the plot)

Correlation coefficients of significant correlations between event soil loss and
selected parameters

Correlation coefficients between soil loss and selected parameters

Comparison of annual soil losses [t/ha] of PARDYP Nepal data with other sources
Number of sediment samples in the Jhikhu Khola and Yarsha Khola catchments
Empirical sediment concentrations at different discharge on the basis of the above
sediment rating curves in Figure 3.150, Jhikhu Khola catchment

Empirical sediment concentrations at different discharge on the basis of the above
sediment rating curves, Yarsha Khola catchment
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: Seasonal sediment loads of the Jhikhu and Yarsha Khola catchments, 1998-1999
(mean=standard deviation)

. Correlation coefficients according to Spearman of sediment yield per unit area with

selected catchment characteristics
Estimated sediment production (normal regime) at the outlet of the Jhikhu and
Yarsha Khola catchments
. Calculation of SDR
: Water demand for domestic use
: Water requirements of the main crops in the Jhikhu Khola
: Water requirements of the main crops in the Yarsha Khola
. Water demand for watering livestock
. Overall water demand of human activities
: Water-related problems, Yarsha Khola and Jhikhu Khola catchments
Description of service level for water supply
. Seepage in irrigation canals
Mean annual water surplus and deficit
: Annual water surplus and deficit at selected sites in the Yarsha Khola catchment
. Water-accounting components of the Jhikhu Khola and Yarsha Khola catchments
: Water-accounting indicators for the Jhikhu Khola and Yarsha Khola catchments
Compilation of the main characteristics of the models used
Data used for modelling
Efficiency of the UBC catchment model on the basis of daily data
Efficiency of the tank model on the basis of daily data
Input data information for the application of the PREVAH model
Parameters calibrated for the PREVAH model
Assessment of performance of the PREVAH model
Efficiency parameters compared between the three models
Correlation matrix for daily discharge simulated with different models
Climate change parameters (by 2080)
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Land-use changes on the basis of the land-use scenarios
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Expansion 1 & 2
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Indicators for the Water Poverty Index
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