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BCRWME Knowledge Series
The BCRWME Knowledge Series cover publications 
under the Building Climate Resilience of Watersheds 
Mountain Eco-regions project in Nepal.

BCRWME is the first component of Nepal’s Pilot 
Program for Climate Resilience (PPCR) under the 
National Strategic Program for Climate Resilience 
(SPCR), executed by the Department of Forestry and 
Soil Conservation (DFSC, previously DSCWM).

The Climate Investment Fund (CIF) is the primary 
donor of the project, with the grant being 
administered by the Asian Development Bank (ADB). 
The Nepal Government provides both financial and 
in kind support. A grant for technical assistance is 
provided by the Nordic Development Fund (NDF).

The overall objective of the SPCR is to build long-
term climate resilience through an integrated water 
resource and ecosystem-based approach, and 
to yield lessons on how best to build resilience in 
vulnerable mountain regions. 

The BCRWME pilot is implemented in six districts 
in the Far Western Development Region of Nepal 
between 2014-2020. It provides support to all 
participating communities to develop and protect 
their water sources (springs and streams) and 
construct water storages to help sustain the use 

of limited water during the dry season, to support 
domestic and agricultural uses. The spring or 

surface water sources are expected to become more 
reliable, and; the dry season water yield will either 
remain the same or increase.

In addition the project supports both the 
communities and the government to manage water 
and land in an integrated and inclusive manner 
within watersheds. Implementation of subprojects 
particularly addresses water conservation in 
catchments and shortage issues. 

It being a pilot project it is essential that key 
stakeholders adopt knowledge-based approaches 
for integrated water and land management and 
improved water reliability and accessibility in the 
wake of climate change. 

All participating communities are involved in a 
phased cycle of training and capacity building so 
that the knowledge they develop in integrated and 
inclusive watershed management can be used to 
apply best practice.

Research is conducted throughout the project on 

hydrological impacts of watershed management 
and interventions.

Training, capacity building, research and lessons 
learned are captured in these BCRWME Knowledge 

Series publications to support institutions and 
experts tasked with watershed management 
implementation in scaling up and scaling out 
activities based on best practice knowledge.

The complete series captures six years of work 
involving over thousands community members, 
Government staff at all levels, and technical 
assistance of 100+ (inter)national consultants.
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Introduction
Water is one of the Nepal’s most valuable natural 
resources and the country has historically had one 
of the highest ratios of renewable surface water of 
any country. However, this is likely to change due to 
climate change. Using the results of several climate 
models, the Mainstreaming Climate Change Risk in 
Development project (part of Nepal’s Pilot Program 
for Climate Resilience PPCR) predicted an increase of 
2-3 °C average annual temperature in Achham, one of 
the six districts of the BCRWME project area, by 2060. 

PPCR3 also indicated that winters may become 
generally drier, with a slightly wetter monsoon with 
rainfall events of shorter duration and increased 
intensity. Such a scenario change implies related 
changes to the surface and ground water resources 
of Nepal. Groundwater aquifers are recharged more 
effectively by moderate steady rain compared with 
high intensity precipitation events, which generally 
result in a higher proportion of water running off 
soil surfaces, rather than infiltrating to sub-surface 
levels to contribute to groundwater recharge,  Other 
related effects of climate change effect, such as an 
overall increase in evaporative losses due to global 
and local increases in temperatures and changes in 
precipitation distribution, may also reduce aquifer 
recharge. 

To support the BCRWME project objective of 
improving access and reliability to water resources, 
particularly spring water, through a participatory 

program of integrated watershed management with 
interventions in upland areas to increase surface 
water storage and groundwater recharge, a mapping 
of Groundwater recharge potential has been 
attempted.

Groundwater recharge potential zones were 
delineated using data from available records and 
remote sensing, and standard methods integral 
within Geographical Information System (GIS) 
software, creating overlays of weighted thematic 
layers of different parameters such as rainfall, 
geology, land use, lineament, and watershed slope 
and stream density within the study area. 

Data used included meteorological and climate data, 
existing geological maps, and land cover, elevation, 
and other related digital images and data. The 
groundwater recharge potential of the Project area 
was assessed and divided into five ranked classes 
(i.e., excellent, high, medium, low and poor) based 
on hydro-geomorphological conditions associated 
with groundwater recharge potential. Geographical 
“zones” of similar potential were qualitatively 
defined.

While the main purpose of this exercise was to 
demonstrate groundwater recharge potential zones 
estimation and mapping within the BCRWME project 
area using available data and GIS methods, the 
mapping method, as presented in this publication, 
is helpful to also assist future planners in identifying 
preferred locations for activities related to 
groundwater recharge. 
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1. Methodology
Groundwater is present in 
virtually all landscapes and 
groundwater recharge refers 
to the entry of water from 
the unsaturated zone into 
the saturated zone below the 
water table surface, together 
with the associated flow away 
from the water table within 
the saturated zone. GIS and 
aerial maps, imagery, and 
other remote sensing satellite 
data have been used for the 
exploration of groundwater 
recharge potential zones by a 
number of researchers around 
the world. 

In Nepal, the Groundwater Resources Development 
Board (GWRDB) of Nepal Government in 2014 
carried out mapping of groundwater recharge 
potential zoning of the Melamchi Watershed. The 
study delineated groundwater recharge potential 
zones using remote sensing maps and GIS tools.  This 
research used geology, drainage density, land use, 
lineament density, annual rainfall map and slope 
map for zoning and considered these parameters 
as responsible for the groundwater occurrence and 
assigned respective weights for each thematic layer 
as well as classes within the themes.

The groundwater potential recharge mapping 
tool presented here, used an adopted, simplified 
GIS method to creating overlays of weighted 
thematic layers of six different parameters affecting 
groundwater recharge to develop the groundwater 
recharge potential map: precipitation, geology, 
land use/cover, lineaments, drainage, and slope. 
Appropriate ranking and weighting values were set for 
each parameter. Finally, the spatial analysis function 
was used to demonstrate the potential groundwater 
recharge zones within the mapping area. The adopted 
methodology is shown in figure 1.1 above.

1.1 BCRWME project area

The BCRWME project area lies between 29.10 

and 29.70 North latitude and 80.60 and 81.60 East 
longitude, covering an approximate area of 3564 km2. 
The area covers part of West Seti and Budhi Ganga 
river basins, and is diversified by several mountain 

ranges and hills. Elevations vary from a few hundred 
to more than five thousand meter above sea level. 
The area receives 940 to 2120 mm of annual rainfall, 
with extreme rainfall on a single day exceeding 350 
mm. South facing slopes of higher elevation generally 
receive the highest amounts of precipitation.

fig 1.1

fig 1.2 BCRWME project area 
location in Far Western Nepal
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1.2 Data acquisition and manipulation

The data sources for each of the physical attributes used in the mapping and additional geospatial data 
required in this groundwater recharge Mapping Tool are summarized in table 1.1.

Table 1.1 

Digital elevation model 30 m US Geological Survey (USGS)
Digital district boundary Department of Survey (DoS), Nepal
Digital VDC boundaries Department of Survey, Nepal
Digital Land use land cover data, 2010 International Center for Integraded Mountain Development (ICIMOD)
Digital geological map, 1985 Department of Mines and Geology (DMG), Nepal
Digital stream map Department of Survey, Nepal
Rainfall data/Precipitation records Department of Hydrology and Meteorology (DHM)

The zones of groundwater recharge potential are determined using historical precipitation records and other 
digital data of the previously specified parameters which were readily available to the Project. The Rain gauge 
network in the Project area is poor and interpolation of rainfall from nearby stations nearby the project area 
was necessary, potentially causing over- or underestimation of rainfall. Available thematic maps were not all 
at the same scale or resolution, which necessitates additional interpolation for some parameters. Hydraulic 
conductivity of the project area, for example, is available only at low resolution for Nepal.

1.3 Establishing groundwater recharge parameters 

a) Annual Rainfall map

Annual rainfall point data were collected from 
DHM publications and interpolated to a raster layer 
using normal Kriging interpolation. The weighting 
formula in Kriging uses a sophisticated mathematic 
algorithm. In the Kriging method the GIS measures 
the distances between all possible pairs of rainfall 
points and uses this information to model the 

spatial autocorrelation for the particular surface 
interpolating. The interpolated rain grid (575 m x 
575 m) shows the annual Rainfall in the Project area 
varies from 920 to 2120 mm. Further, the rainfall 
distribution was re-classified to 5 equal intervals to 
assign ranks from 1 to 5. The lowest rank was given 
to low rainfall and highest to high rainfall. The ranked 
annual rainfall map is shown in figure 1.3. The annual 
rainfall distribution within each Project district is 
shown in Table 1.2. The ranking of annual rainfall to 
recharge potential is shown in table 1.3.

Table 1.2 

District within Project Area Annual Rainfall Aerial Distribution of Rainfall
Bajhang 1600 to 2120 mm Low at south and highest at northern tip
Baitadi 1400 to 1880 mm Low at south and high at northern area
Doti 1160 to 1640 mm Low at center, medium at other areas
Achham 1160 to 2120 mm High at northern area (Khaptad National Park)
Bajura 940 to 2120 mm High at northern area (Khaptad National Park)
Dadeldhura 1400 to 1640 mm Rainfall depth ranges throughout area

Table 1.3 

Annual Rainfall (Sub-)Range Rank
940-1160 mm low 1

1160-1400 mm Medium low 2

1400-1640 mm Medium 3
1640-1880 mm High 4

1880-2120 mm Very high 5

fig 1.3 Annual rainfall distribution in BCRWME project Aarea

fig 1.3
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b) Geological Map

Hard rock prevails as bedrock material in the Project 
area. The greater part of the ground water is stored 
in the zone of weathering. Fractures and joints in hard 
rock act primarily as conduits for transport of water as 
they do not provide large space for storage of ground 
water. In general the width of fractures and lineaments 

and weak planes narrows as depth increases. The raster 
tiff geological layer (DMG 1994) was downloaded 
from ICIMOD Regional Data Centre web geoportal. 
Geological formations were ranked from interpretation 
of the geological formations and lithology mapping. 
The geology map and its classification and ranking is 
shown in figure 1.4. The ranking of formation and its 
interpretations is shown in Annex 3.

fig 1.4

c) Slope

Slope is an important factor for the identification 
of groundwater potential zones. A higher degree of 
slope implies more rapid runoff and an increased 
rate of erosion, with comparatively poor recharge 
potential (Magesh et al., 2011 a,b). Slope is also 
assumed to relate inversely to water storage 
potential. The slope map was prepared based on a 

30 m x 30 m, SRTM Digital Elevation Model (DEM) 
and the spatial analysis tool integral to the GIS 
software. The study area was divided into five slope 
classes (figure 1.5). The topography of the project 
area (figure 1.6) is found to be very convoluted 
(rugged), with slopes ranging from flat to very 
steep (more than 70 degrees). The slopes of 0 to 73 
degrees gradient were sub-divided into five equal 
divisions and assigned rankings from 1 to 5.

fig 1.6 fig 1.6

d) Land use

The digital land use (2010) was obtained from 
ICIMOD’s geo web portal. The major land-use types 
in the study area are composed of forest and crop 
land. Some patches of shrub and grass land are 
seen within Achham and upper Bajura districts. The 
land cover was divided into 5 classes and ranked 
from 1 to 5. The water bodies such as snow/glacier 
were ranked as highest and bare land as lowest for 
groundwater recharge. The distribution and ranking 
of land use are shown in figure 1.7.

fig 1.7
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e) Drainage density

Drainage density is the total length of all the streams 
and rivers in a drainage basin divided by the total 
area of the drainage basin. It is a measure of how 
well or how poorly a watershed is drained by stream 
channels. 

The drainage density was prepared using the river 
network derived from a digital elevation model of 
30 m and a kernel density analysis tool of ArcGIS. 
Kernel Density calculates the density of features in 
a neighborhood around those features. It can be 
calculated for both point and line features. Kernel 
Density calculates the density of linear features in 
the neighborhood of each output raster cell. When 
an output area unit factor is specified it converts 
the units of both length and area. For example, if 
the linear unit is meters, the output area units will 
default to square kilometers and the resulting line 
density units will convert to kilometers per square 
kilometer. 
Literature suggests a significant correlation between 
drainage density and groundwater recharge potential 
(Hsin-Fu Yeh et al. 2016), and in mountain and hill 
areas a high drainage density is generally assumed 
to correlate with higher rates of infiltration and/

or exfiltration and thus indicate high potential for 
aquifers near to the surface, and possibly deeper. 
The structural analysis of a drainage network helps to 
assess the characteristics of a groundwater recharge 
zone. The quality of a drainage network depends on 
lithology, which provides an important index of the 
percolation rate.
The drainage density map produced from Kernel 
tool of ArcGIS and rank assigned is shown in Figure 
1.8. A higher Drainage Density is seen over the 
northwestern part of the project area, along the 
West Seti and Budhiganga Rivers. The Baitadi and 
Dadeldhura areas in particular show a comparatively 
high Drainage Density.

fig 1.8

e) Drainage density

A lineament is a linear feature in a landscape which 
is an expression of an underlying geological structure 
such as a fault. Lineaments are generally referred to 
in the analysis of fractures or structures. Lineament 
photos from satellites and aerial photos have similar 
characteristics, but the underlying causes and the 
hydrogeological implications may be different. In this 
study the lineaments are digitally extracted from a 
1m resolution Geo Eye Satellite Image available from 
ArcGIS online using the Kernel density tool integral 
to the GIS. 

The densities were ranked in 5 equal classes 1 to 5 
from lowest to highest density within project area. 
The lineament density interpolation in 575 m x 575 
m resolution is shown in figure 1.9. 

The lineament density is high at highly elevated 
areas of all districts (within the Project area). The 
highest density of lineaments is observed within and 
near the Khaptad National Park area. Valley bottoms 
and other lower elevation areas have less dense 
concentrations of lineaments. 

fig 1.9

1.4 Establishing relationships among parameters

Within the project area, the most influential natural 
parameters associated with groundwater recharge 
are precipitation, lithology/geology, and slope. 
In addition to these, manmade parameters such 
as land use, pavement cover, etc. also influence 
ground water recharge. These parameters were 
used for calculating estimated groundwater recharge 
potential, with weighting applied to each parameter 

as per Equation 1 to determine a recharge potential 
score. The demarcation of groundwater potential 
recharge zones for the study area was made by 
integrating the weighted layers and classifying the 
resulting values into zones of potentiality. This 
study classified thematic layers (parameters) into 5 
equal intervals that were ranked from 1 to 5. Each 
parameter’s thematic layers were assigned weights 
from 5 to 30 so that the total maximum weight of all 
overlays was 100 (Table 1.4). 
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Groundwater Recharge Potential (Pr) is a weighted score and can be expressed as:
Equation 1:
Pr =(W1×Gi+W2×Ri+W3×Li+W4×Si+W5×LUi+W6×Ddi)/100 
Where: 
•	 W1 = weight for geological layer Gi
•	 W2 = weight for Rainfall layer Ri
•	 W3 = weight for Lineament Density layer Li
•	 W4 = weight for Slope layer Si
•	 W5 = weight for Land Use layer LUi and 
•	 W6 = weight for Drainage Density Layer Ddi
•	 i  =   is rank of parameters from 1 to 5                     The classifications and weights assigned are shown in Table 1.4. 

Assigned weight to ranked thematic layers (BCRWME Mapping 2016) 
Parameters Category Rank Weight Specifics
Geology poor 1

25

Granites/Ulleri Formation

Medium poor 2 Kushma Formation/Galyang Formation/Ranimatta Formation/
Basic Rocks/Sallyani Gad Formation/Ba/Melmura Formation

medium 3 Suntar Formation/Bu/Sangram Formation

good 4 Himal Group/Lakharpata Formation/Kalikot Formation/Gh/
Syangja Formation

excellent 5 Damgad Formation

Annual rainfall low 1

20

940-1160 mm

Medium low 2 1160-1400 mm

Medium 3 1400-1640 mm

High 4 1640-1880 mm

Very high 5 1880-2120 mm

Lineament Density low 1

20

0-0.047 km/0.25sq.km

Medium low 2 0.047-0.107 0.25sq.km

Medium 3 0.107-0.1670.25sq.km

High 4 0.167-0.2350.25sq.km

Very high 5 0.235-0.4220.25sq.km

Drainage Density low 1

5

0.03-0.25 km/0.25sq.km
Medium low 2 0.25-0.34 km/0.25sq.km

Medium 3 0.34-0.44 km/0.25sq.km

High 4 0.44-0.54 km/0.25sq.km

Very high 5 0.54-0.78 km/0.25sq.km

Land use poor 1

15

  Bare area

Medium poor 2   Shrub land/Grassland

medium 3   Agriculture

good 4 Needle leaved closed forest/Needle leaved open forest/
Broadleaved closed forest/Broadleaved open forest

excellent 5   River/Snow/glacier

Slope high 1

15

0-13 degree

Medium high 2 13-21 degree

Medium 3 21-29 degree

low 4 29-37 degree

Very low 5 37-73 degree

Total 100
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1.5 Mapping groundwater recharge zones

The groundwater recharge potential zones for the 
project area were generated through the integration 
of various thematic maps (figure 1.10). The delineation 
of groundwater potential zones for the project area 
was prepared by grouping of the interpreted layers 
through a weighed multi-influencing factor and 
final classification of 5 groundwater potential zones 
according to resultant scores out of a total of 100. 
The groundwater recharge potential zones were 
provided labels by rank: poor (P), low (L), medium 
(M), high (H) and excellent (E). 

The resulting final map is presented in figure 1.11. 
The produced map is on a 0.0051 x 0.0051 degree 
scale: 1 minimum unit = approximately 575m x 575m.

Interrelationship between parameters

The interrelationship between 7 parameters and 
their effect, developed by N.S Magesh et al. 2012.

This study utilized six influencing parameters, 
including lithology/geology, slope, land-use, 
lineament, drainage and rainfall to delineate the 
groundwater recharge potential zones. 

Each influencing parameter was weighted 
according to its strength, as based on qualitative 
assumption. Integration of these parameters 
with their potential weights is computed through 
weighted overlay analysis in ArcGIS. 

fig 1.10

fig 1.11



11

Springsheds and aquifer recharge zones

As water enters and increases the height of a water table within an aquifer, water pressure within the 
aquifer will increase. This pressure causes the water to move through cracks and pores in the medium 
containing the aquifer. Sometimes this water will find natural outlet to the land surface. We call such 
places springs. The land area that contributes surface water infiltration to an aquifer which feeds a spring 
is called the “recharge area” of a spring.  This area is sometimes referred to as a “springshed”. 

To have good potential for aquifer recharge an area must have favorable sub-surface geological conditions 
such as rock types which are permeable and porous rock types, for example sandstone, conglomerate, 
fractured limestone and/or unconsolidated sand and gravel. Hard dense rocks such as granite and schist 
are generally poor media for aquifers, and are similarly poor at facilitating aquifer recharge, because they 
have a very low porosity. 

However, if these rocks are highly fractured, they may provide enough water storage capacity to 
constitute an aquifer, or facilitate the flow of water to underground storage aquifers in more porous 
media. Ground water has to squeeze through pore spaces of rock and sediment to move to or through an 
aquifer. Because it takes effort to force water through tiny pores, ground water loses energy as it flows, 
leading to a decrease in hydraulic head in the direction of flow. 

Larger pore spaces usually have higher permeability, resulting in less energy loss, and therefore allow 
water to move more rapidly. For this reason, ground water can move comparatively rapidly over 
large distances through geological media whose pore spaces are large or where porosity arises from 
interconnected fractures. The motive force for groundwater movement is always gravity.  (Except for rare 
exceptions where thermal heating and expansion can force water to rise against the force of gravity.)  

As such, water will almost always move “downhill” through pore spaces or fractures.  More or less 
impermeable layers of rock or soil may force the flow to proceed slowly along a low “slope”.  Due primarily 
to viscosity and friction, the speed of water flowing though pores and fractures is usually much less than 
the speed of surface water flow, and it may require many years for underground water to flow a short 
distance. 

Another obvious consideration related to the rate of groundwater recharge is the quantity of water 
available for recharge. The main source of water for groundwater recharge is direct precipitation, though 
contributions are also received by seepage from large water bodies (rivers, streams etc.), seepage from 
unlined irrigation canals, melting snow and glaciers, etc. 

Characteristics of occurrence of ground water in hard rock 

Areas of underlying hard rock occupy the greater part of the mid-hills of Nepal. However very little 
knowledge exists about the “vadose zone”, the unsaturated region that spans between the ground 
surface and the fluctuating water table above or within hard rock formations in the mid-hills of Nepal.  
However, some general relevant characteristics of groundwater in hard rock are known and are listed 
below: 

• The greater part of the ground water is stored in the zone of weathering. 
• Fractures and joints in hard rock function primarily as conduits for transport of water as they do not 

provide large space for storage of ground water. 
• The width of fractures & lineaments and weak planes typically narrows as depth increases. 
• Water yield from wells and springs supplied by aquifers in hard rock media is generally limited in 

comparison to wells and springs supplied by aquifers in alluvial and sedimentary media.
• Ground water occurrence is unpredictable, even over short distances. 
• Ground water quality is generally good, but poor water quality may exist in certain areas.
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2.1 Groundwater recharge potential map application

The term ‘groundwater recharge potential’ denotes 
the estimated potential for groundwater recharge for 
each level of ranking compared with the other levels 
of ranking within the same study area.  It is a function 
of several hydrologic and hydrogeological parameters, 
estimated according to the methods and assumptions 
described herein. From a hydrogeological point of 
view, this term may be defined as the possibility of 
groundwater recharge occurring within a potential 
classification of recharge potential compared with 
other zones of recharge potential. 

Proper assessment of groundwater recharge potential 
can serve as a useful guideline for decision makers 
when identifying or discussing groundwater use and/
or recharge policies or investments within an area, 
and assist in assessment and proper management of 
aquifer systems in a sustainable manner. 

The Groundwater Recharge Potential map and related 
information can be used in a land use planning, 
development, conservation context. Applications for 
this map include: 

• Groundwater recharge is important to maintaining 
spring water (gravity water) supplies. Therefore, 
it helps to identify the critical recharge areas for 
spring water development.

• High recharge areas by definition have good 
infiltration potential. Thus, one might assume 
that these are good sites to evaluate for storm 
water management potential.  If suitable in other 
respects, the high infiltration potential suggests 
suitability to help mitigate and control stormwater 
runoff while simultaneously facilitating and 
supplementing groundwater recharge.

• Groundwater recharge areas contributing to 
public water supplies can be identified and 
protected.

• Recognition of areas of high groundwater 
recharge potential allows rational consideration 
of the quality of water entering the area. For 
example: caution may want to be taken in regard 
to the types of land use and resulting storm water 
runoff into areas of high groundwater recharge 
potential near public water supply areas.

• Potential for groundwater recharge can be 
identified and recognized as a factor when 
considering urban development or other land 
use changes.

• Maintaining adequate streamflow is critical for 
aquatic and riparian ecosystems. Therefore, 
maintaining healthy groundwater recharge is in 
many cases key to maintaining base flow in streams.

• Knowledge of the range and distribution of 
groundwater recharge potential serves as useful 
guidelines for decision makers in identifying 
appropriate groundwater use policies.

2. BCRWME Groundwater recharge potential 
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2.2 Status of groundwater recharge potential

As mentioned, springs are frequently the most 
appropriate water supply for many rural settlements 
in Nepal, including within the BCRWME Project area. 
Spring water is often the only source for gravity supply 
of piped water to these settlements. Spring water is 
generally used for essential domestic supply, and, if 
adequate, for small scale irrigation of high value crops. 

An overlay of VDC settlements is shown on the 
Groundwater recharge potential map in Figure 
2.1 below.  This map shows scattered settlements 
throughout the Project area, but more concentration 
is seen near the major rivers and tributaries.

The distribution of settlements is also related to 
road networks, locations of springs, and the general 

landscape and terrain. High and low ground water 
recharge potential areas as associated with the 
VDCs are tabulated in Annex 2. The summary of 
potentially high recharge and low recharge areas by 
VDC is summarized in Table 2.1.

Figure 2.1 and Table 2.1 and the tabulation of 
groundwater recharge potential classifications 
associated with VDCs included in Annex 2 should 
primarily be seen as examples of how the outputs of 
this of study can help categorize and identify areas 
of potential focus for various types of planning or 
intervention at the appropriate planning level.  

Figure 2.1, Table 2.1, and Annex 2 are not intended 
to guide decisions at the micro level (I.e. BCRWME 
scheme level), which requires an on-site assessment 
and analysis of field conditions.

High and Low GW recharge potential by VDC                                                                                             Table 1.2 
DISTRICT VDC NAME POTENTIAL DISTRICT VDC NAME Potential 
Achham Khaptad National Park E Achham Kushkot L
Achham Khaptad E Achham Payal L
Achham Duni E Doti Pachanali P to M
Achham Patalkot E Doti Latamandau P to M
Doti Tikhatar E Doti Warpata P to E
Bajura Khaptad National Park E Achham Mastamandau P to M
poor (P), low (L), medium (M), high (H) and excellent (E)

fig 2.1
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2.3 Groundwater recharge potential in 
watershed planning and management

Watershed planning and management is a process 
for combining water resource, natural resource, and 
land use considerations into a collaborative problem-
solving network, supported by interested parties 
within a designated watershed. Resources of concern 
may include all or parts of riparian, wetland, spring 
and stream ecosystems. 

The purpose of this study and related mapping was 
to support the BCRWME objective of improving 
access to and protection and reliability of ground 
water resources, particularly as this relates to 
spring water, through a participatory program of 
integrated watershed/springshed management 
with interventions in upland areas to increase 
groundwater security, stability, and recharge. 

General steps required in planning and implementing 
interventions intended to protect, stabilize or improve 
groundwater recharge are shown in figure 2.2.  The 
steps presented should include consideration of:
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fig 2.2

1. Climate change (rainfall and temperature) and 
groundwater recharge sensitization. 

2. Spring and surface water source vulnerability and 
adaptation assessment. 

3. Prioritization of implementing area and 
intervention options. 

4. Developing a groundwater recharge Action Plan.
5. Integrating protection and recharge of 

groundwater into DFSC planning processes. 

2.4 Conclusions

Groundwater is a very important natural resource 
used to provide water for domestic use and many 
other purposes throughout the BCRWME project area.  

Groundwater is primarily utilized in the BCRWME 
project area through the beneficial exploitation by 
the local communities of many naturally occurring 
springs. 

Although the availability of groundwater/spring water 
in terms of location, quantity and quality is commonly 
assumed to be outside the influence of human 
intervention, this is not always true. Climate change 
is impacting weather and related hydrological and 
hydrogeological patterns on local and global scales, 
and these impacts are likely to increase significantly 
in the foreseeable future.  Exactly what will be the 
impact of climate change on the groundwater and 
natural springs of Nepal is uncertain at present.  
However, developing a plan for good stewardship of 
natural resources is a step that can be undertaken 
and provide positive results at the local levels.

This report successfully demonstrates that analysis 
using GIS tools and techniques and readily available 
secondary data is an effective method of identifying 
and prioritizing geographical areas according to 
their potential for groundwater recharge. With this 
type of information national and local planners can 

more rationally and effectively plan implement, and 
manage groundwater utilization and recharge. 

It is important to note that this study is based on 
qualitative mapping methods to identify areas of 
comparatively high recharge potential. It does not 
provide guidance on the amount of water available 
for recharge purposes or advise on methodologies 
for effective groundwater recharge. Or provide any 
quantitative measure of possible water recharge of 
groundwater aquifers which might be achievable. 

It is recognized that other studies might require or 
benefit from specific parameters and/or analysis 
methods which vary from those used in this 
demonstration. The method demonstrated herein 
can easily accommodate such flexibility. It also can be 
easily adapted to estimate, for example, the availability 
of groundwater, or for various other similar studies.

This report is primarily for demonstration purposes. 
It utilizes a limited number of parameters to 
estimate groundwater recharge potential, and due 
to limitation on available data sources, some of the 
data used for these parameters is estimated and/
or from low resolution sources. The incorporation 
of additional morphic and bio-physical parameters 
and/or improved data into the general methodology 
demonstrated here will further enhance the utility of 
this type of assessment. 
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Physical attributes that influence recharge

• Recharge is a major process in the hydrogeological cycle.  The quantity, quality, timing, and location 
of groundwater recharge have major implications for spring yields. Groundwater recharge rate and 
volume is commonly estimated within a given study area using simple water-budget methods or 
ground-water flow models, both of which rely on a number of broad assumptions. Whereas these 
methods provide an average recharge estimate for an area, groundwater recharge and flow is subject 
to different influences than surface water, and may behave very differently than surface water due to 
variations in topography, geological conditions, climate, and other factors. 

• Spatial variation of surface groundwater recharge potential is less frequently considered in usual 
hydrologic and hydrogeological studies, but is generally related to ground cover, soil type and sub-
surface geology, surface contour and slope, sub-surface geological media and fracture strike, surface 
water features, and similar. Through GIS methodology of overlaying weighted layers a comparative 
assessment of groundwater recharge potential for any given area can be developed.

• Geology – Sand and gravel material deposited by glaciers deposits allow for easy water movement 
or infiltration. They also form the principal water bearing units in the watershed and transmit the 
greatest amount of water to springs. A karst topography is a landscape created by groundwater 
dissolving sedimentary rock such as limestone. This creates land forms such as shafts, tunnels, 
caves, and sinkholes. Groundwater seeps into and through these land forms. The result is a scenic 
landscape which is fragile, and vulnerable to erosion and pollution. One of the important components 
of Karst is Sinkhole. It is often collapsed caves and can be quite deep, or they can be shallow holes. 
Sinkholes collect surface water running off the surrounding land, and the runoff goes directly into the 
groundwater.

• Soil type – The key soils of interest here are defined as Group D soils in the USA. A soil’s group is a 
hydrologic property defined by its transmissivity and runoff potential. Group D soils have the slowest 
infiltration rate and highest runoff potential of the four groups (A-D) defined under this system. Group 
D includes various types of soils, such as many types of soils with high clay content, and soils that 
have clay layer at or near the surface, and soils that are shallow over nearly impervious material. A 
soil may fall within Group D under certain hydrologic or hydrogeological conditions, but not others. 
Group D also includes many soils when within 60 cm (24 inches) of a water table, as this also results in 
slow infiltration/transmissivity and high runoff. (For existing as surface soils, and similarly will restrict 
percolation and infiltration, where existing in sub-surface soil layers). 

• Drainage Density  (length of stream per unit area) is an indicator of the perennial drainage characteristics 
of the sub-watershed. Where the density is higher and the drainage network is well established, a 
more stable discharge regime is indicated, which also indicates a well-established base flow.

• Lineament is a linear feature in a landscape which is an expression of an underlying geological 
structure such as a fault. Typically a lineament will comprise a fault-aligned valley, a series of fault or 
fold-aligned hills, or a combination of these features.  A high density of lineaments suggests an area of 
comparatively abundant groundwater, as the underlying faults (geological fractures) provide favorable 
environments for groundwater recharge, storage, and transmission. 

• Slope is an important factor for the  categorization of groundwater potential zones. A higher degree of 
slope results in more rapid runoff and increased erosion rates.  This implies generally lower recharge 
potential with higher slopes. (However the runoff effects of high slope can be mitigated to some 
extent through the implementation of various physical interventions such as impoundment ponds, 
recharge pits, contour trenches, etc.)
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Annex 1: Project Example of Implementation of the Groundwater Recharge Potential Map

a. Location      b. Climate Change awareness- Sensitization
 

Coordinate:  29.29N and 80.76 E   Projection Location:   29.29N and 80.76 E
District:  Doti     Climate change model: CMIP3-CGCM 3.1
VDC:   Banlek     Scenario:    A2
Target:  Spring source    Variables:    Rainfall and Temperature

Climate Change Scenario (in and vicinity of Banlek VDC, Doti)
Variable Scenario Impact
B1: Rainfall between 2040-2059 
(WB-KMP)

Decrease by 5 mm in December and 
maximum increase of 20 mm in June. 
Mostly increase and some month no 
changes

Minimal increase in monsoon 
and decrease in winter

B2: Temperature between 2040-
2059 (WB-KMP)

+ 1.7 to +2.6 0C High Evaporation and less water 
for ground water

B3: Extreme Rainfall 2040-2059 
(ADB TA7983 Achham projection)

+ 80% Increase flash surface runoff, 
decrease percolation

Figure B1:

Change in rainfall (mm) 
between 2040-2059 at 
BANLEK VDC 29.29N and 
80.76 E

WB-CC KMP
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Figure B2:

Change in Mean 
temperature (0C) 
between 1980-1999 at 
BANLEK VDC 29.29N and 
80.76 E

WB- CC KMP

Figure B3:

Change in one day 
rainfall frequency 
between 2040 -2059 and 
baseline 1980-1999 at 
Achham District

Source: ADB TA 7983

c. Prioritizing Area for implementing and intervention options

Prioritization focus: 
Source yield:    Low (discharge measurement data BCRWME (Figure C1)
Rainfall:    1400 to 1650 mm per annual (Figure C2)
Land Use:    Agriculture and forest
Settlement and population:  Medium

fig C2fig C1
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d. Developing groundwater recharge Plans for Action

Ground water flow in Banlek VDC: Stream Density Base map (figure D1) shows two Stream flows from 
upstream of Jijodamandau and Kailapalamandau VDC and both passes Banlek VDC and join West Seti. The 
stream is fed by small tributary streams, ground water and springs. Therefore, the aquifers associated with 
these river systems are also likely to be contributing to the Banlek springs. It was also observed that water 
sources are available at top hills of Banlek VDC. This water source is flowing across the hills of Banlek VDC.  
The general area of potential ground water recharge is shown in Figure A7 and more specific locations are 
shown on a Google Earth image (Figure D2).

Recharge Options: As rainfall intensity is increasing and could be more in future, one effective recharge 
option will be multiple infiltration pits on areas of higher slopes. These will intercept runoff and facilitate 
percolation through the surface layers of the soil.  Diverting small water channels and developing recharge 
ponds at places where level ground is available will also be an option for improving groundwater recharge.

e. Integrating DSCWM Plans for Action into planning processes

Integrating other practices of DSCWM on watershed management in Ground water recharge planning such 
as:
• Plantation
• Soil and water conservation
• Disaster Risk reduction work

fig D1

fig D2
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Annex 2: Geological formation and lithology in BCRWME project area

Damgad Formation is grey to greenish grey quartzites, calcareous quartzites and limestones

Kalikot Formation can be separated two sub units as Ghatgad carbonates (crystalline limestones and 
calcareous schists) and Budhiganga gneiss and schist.

Kushma Formation is mainly composed of white to light grey massive quartzite with thin bands of rippled 
and cross-bedded quartzite intercalated with greenish grey chloritic phyllite. The unit is typically several 
hundred meters thick and holds up high ridges. The resistant quartzite locally is highly discontinuous. 
Sallyanigad Formation (augen gneiss and biotite gneiss). Melmura Formation (grey to dark grey phyllitic 
quartzites and schists)

Lakharpata Group - The lower unit is composed of blue grey dolostone and limestone. The middle unit is 
composed of micritic limestone, black shale, grey phyllite; and the upper unit is mainly blue grey limestone, 
argillaceous dolostone, stromatolitic limestone, and thinly bedded white quartzite. The estimated total 
thickness of the Lakharpata Group is approximately 3 km. 

Ranimata Formation is mainly composed of thick chloritic and sericitic phyllite with frequent thin beds 
of white or green quartzite. The Ranimata Formation also contains basic meta-igneous rocks, including 
dolerites and amphibolites. These rocks appear to be conformable with formation boundaries.

Syangja formation is around ~500 m thick, and is composed of pink, maroon, and green fine-grained 
quartzite; purple, brown and greenish grey shale and slate, and well bedded light blue to white dolostone 
and occasional yellow stromatolitic limestone. 

Galyang Formation is composed of strongly foliated thin beds of olive green, brownish grey, and dark grey 
phyllite, dark grey slates, and scattered thin phyllitic quartzites. Because of its fine grain size and inability 
to hold up strong outcrops, the Galyang usually forms covered slopes with brown rusty weathering slate/
phyllite in float. Some lithologies in the Galyang may resemble rocks in the Ranimata

Granite -The weathered zone on granitic-gneissic rocks have primary porosity and permeability. The 
jointed and fractured character of such rocks exhibit secondary permeability determined by the fracture 
density and fractures frequency as well as infiltration numbers, which are the product of these two factors. 
The large lenticular bodies of augen orthogneiss, referred to as the Ulleri augen gneiss

Suntar or Dumri- Formation is  >1200 m thick upper Oligocene to lower Miocene Dumri Formation is 
dominated by greenish grey to brownish grey cross-stratified sandstone in its lower part and reddish 
brown shaly siltstone and calcic red paleosols with thin brown sandstone in the upper part (DeCelles et 
al., 1998b). 

Sangram Formation is mapped directly above the Main Boundary Thrust, where it was named the Budar 
Quartzite by Nepalese geologists, after the small town of Budar along the Dadeldhura highway. The upper 
part of the Sangram Formation consists of frequent dark grey splintery shale, thin beds of limestone, and 
orthoquartzite intervals.

                  Source: Ojha, B. 2009 
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Annex 3: Interpretation of geological formation and ranking with respect to recharge  
Source:	Cited	Ojha	B.	(2009)
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Annex 4: Groundwater recharge potential BCRWME project area (poor (P), low (L), medium (M), high (H) and excellent (E)
No. District VDC Potential No. District VDC Potential

1 Achham Khaptad National Park E 60 Bajura Martadi M to H

2 Achham Khaptad E 61 Bajura Dogadi H to E

3 Achham Babala M to H 62 Bajura Atichaur M to E

4 Achham Devisthan H to E 63 Bajura Budhiganga L to E

5 Achham Thanti L to M 64 Bajura Gudukhati H

6 Achham Kushkot L 65 Bajura Bramhatola M to H

7 Achham Duni E 66 Bajura Jayabageswori M to E

8 Achham Budhakot H to E 67 Bajura Khaptad National Park E

9 Achham Risidaha H to E 68 Bajura Kailashmandau M to E

10 Achham Dhudharukot L to H 69 Bajura Kuldeumadau L to M

11 Achham Patalkot E 70 Bajura Barhabise L to H

12 Achham Bindhyawasini M 71 Bajura Tolidewal H

13 Achham Bhatakatiya M to E 72 Bajura Chhatara M

14 Achham Hatikot L 73 Dadeldhura Belapur L to M

15 Achham Khodasadevi H to M 74 Dadeldhura Koteli L to M

16 Achham Ramarosan L to E 75 Dadeldhura AmargadhiN.P. L to H

17 Achham Siddheswor L to M 76 Dadeldhura Manilek L to M

18 Achham Mastamandau p to M 77 Dadeldhura Nawadurga L to M

19 Achham Marku M to E 78 Dadeldhura Mashtamandau L to M

20 Achham Nandegada M to H 79 Dadeldhura Ganeshpur M

21 Achham Jalapadevi L to M 80 Dadeldhura Kailapalamandau M to H

22 Achham Sutar H to E 81 Dadeldhura Ashigram L to E

23 Achham Rodikot L 82 Doti Chhapali M to H

24 Achham Lungra L to E 83 Doti Barchhen L to H

25 Achham Soukat M to H 84 Doti Khaptad National Park H to E

26 Achham Gajara H 85 Doti Daud M to E

27 Achham Baradadivi M to H 86 Doti Dahakalikasthan M to E

28 Achham Siudi M to E 87 Doti Mahadevsthan M to E

29 Achham Darna M to H 88 Doti Lamikhal M to E

30 Achham Chandika L to H 89 Doti Warpata P to E

31 Achham Timilsain M to H 90 Doti Khatiwada L to E

32 Achham Kalika M to H 91 Doti BanjaKakani H-E

33 Achham Janalikot H 92 Doti Wagalek H-E

34 Achham Payal L 93 Doti Gaihragau H-E

35 Achham Batulasen L to M 94 Doti Kalikasthan L to E

36 Achham Santada M to H 95 Doti Kadamadaun H to E

37 Achham Chaphamandau M to H 96 Doti Kalena L to M

38 Achham Malatikot M to H 97 Doti DipayalSilgadhiN.P. L to M

39 Achham Kalagau L to M 98 Doti Banlek P to M

40 Achham Mangalsen L to E 99 Doti Khirsain H

41 Achham Oligau M to E 100 Doti Latamandau P to M

42 Achham Bannatoli M to H 101 Doti Jijodamandau L to E

43 Achham Jupu M to H 102 Doti Pachanali P to M

44 Achham Kuntibandali M to E 103 Doti Sanagau H to E

45 Baitadi Shikharpur M 104 Doti Tijali M

46 Baitadi Chaukham L to M 105 Doti Ladagada L to M

47 Baitadi Shivaling P to L 106 Doti Mudabhara L to H

48 Baitadi Gajari L to M 107 Doti Ganjari H to E

49 Baitadi Siddheswor L to M 108 Doti Pokhari M to E

50 Baitadi Sikash L to M 109 Doti Kapalleki M to E

51 Baitadi Siddhapur L to M 110 Doti Mudhegau M to E

52 Baitadi Thalakanda P to M 111 Doti Bhumirajmadau M to E

53 Baitadi Dhungad L to H 112 Doti Ranagau M to H

54 Bajhang Deulek M to H 113 Doti Basudevi L to H

55 Bajhang Syandi H to E 114 Doti Durgamadau M to E

56 Bajhang Sunkuda M 115 Doti Tikhatar E

57 Bajura Dahakot P to E 116 Doti Gaguda L to E

58 Bajura Jugada L to E 117 Doti Satphari M to H

59 Bajura Manakot M to H 118 Doti ChawaraChautara L to H

23



24

SN New Local unit

No of 
Old 
units 
merged

Project VDC

ACHHAM

1 Bannigadhi Jayagadh 1 Bannatoli

2 Baradadivi

3 Bhagyaswori

4 Chandika(Bayalpata)

5 Gajara

6 Janalikot

7 Jupu

8 Kalagau

9 Kalika

10 Malatikot

11 Nandegada

12 Nawathana

13 Oligau

14 Sutar

15 Timilsain

2 Budhiganga

1 Babala

2 Kushkot

3 Chaurpati

1 Baijinath

2 Budhakot

3 Chandika(Bayalpata)

4 Duni

5 Jalapadevi

6 Lungra

7 Mangalsen

8 Marku

9 Patalkot

10 Payal

11 Soukat

4 Chhededaha

1 Babala

5 Dipayal Silgadi

1 Soukat

6 K I Singh

1 Soukat

7 Mangalsen

1 Bannatoli

2 Chandika(Bayalpata)

3 Jupu

4 Kalagau

5 Kalika

6 Malatikot

7 Mangalsen

8 Oligau

9 Payal

10 Timilsain

SN New Local unit

No of 
Old 
units 
merged

Project VDC

8 Mellekh

1 Babala

2 Baradadivi

3 Bindhyawasini

4 Dhudharukot

5 Gajara

6 Hatikot

7 Khodasadevi

8 Kushkot

9 Mastamandau

10 Nandegada

11 Nawathana

12 Sutar

13 Thanti

9 Purbichauki

1 Duni

2 Marku

3 Soukat

10 Ramaroshan

1 Batulasen

2 Chaphamandau

3 Kalagau

4 Khodasadevi

5 Malatikot

6 Santada

7 Sutar

11 Sanphebagar

1 Babala

2 Baijinath

3 Bhagyaswori

4 Budhakot

5 Chandika(Bayalpata)

6 Dhudharukot

7 Duni

8 Gajara

9 Hatikot

10 Jalapadevi

11 Janalikot

12 Kushkot

13 Lungra

14 Mangalsen

15 Marku

16 Mastamandau

17 Nandegada

18 Nawathana

19 Patalkot

20 Payal

21 Ridikot

22 Siddheswor

12 Tribeni

1 Thanti

New Local Units in Project Area
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SN New Local unit

No of 
Old 
units 
merged

Project VDC

BAITADI

1 Adharsha

1 Dhungad

2 Thalakanda

2 Bithadchir

1 Chaukham

2 Shivaling

3 Nawadurga

1 Dhungad

2 Siddhapur

3 Sikash

4 Patan

1 Gajari

2 Siddhapur

3 Siddheswor

4 Sikash

5 Sayal

1 Shivaling

6 Sigas

1 Chaukham

2 Dhungad

3 Gajari

4 Shikharpur

5 Shivaling

6 Siddhapur

7 Siddheswor

8 Sikash

9 Thalakanda

BAJHANG

1 Bithadchir

1 Deulekh

2 Syandi

2 Sigas

1 Deulekh

2 Syandi

BAJURA

1 Badimalika

1 Atichaur

2 Bramhatola

3 Budhiganga

4 Dahakot

5 Jugada

6 Kailashmandau

7 Martadi

2 Budhiganga

1 Atichaur

2 Barhabise

3 Bramhatola

4 Budhiganga

5 Gudukhati

6 Jayabageswori

SN New Local unit

No of 
Old 
units 
merged

Project VDC

7 Kailashmandau

8 Kuldeumadau

9 Tolidewal

3 Chhededaha

1 Atichaur

2 Barhabise

3 Bramhatola

4 Budhiganga

5 Dogadi

6 Gudukhati

7 Jayabageswori

8 Jugada

9 Kanda

10 Kuldeumadau

11 Manakot

4 Gaumul

1 Atichaur

2 Dahakot

3 Dogadi

4 Jugada

5 Manakot

5 Mellekh

1 Barhabise

2 Tolidewal

6 Ramaroshan

1 Tolidewal

7 Sanphebagar

1 Barhabise

2 Jayabageswori

3 Kanda

8 Tribeni

1 Barhabise

2 Bramhatola

3 Budhiganga

4 Kailashmandau

5 Kuldeumadau

6 Tolidewal

DADLDHURA

1 Adharsha

1 Belapur

2 Amargadhi

Amargadhi N.P.

Koteli

3 Ganayapdhura

1 Ashigram

2 Ganeshpur

3 Kailapalamandau

4 Mashtamandau

4 Nawadurga

1 Amargadhi N.P.

2 Belapur
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SN New Local unit

No of 
Old 
units 
merged

Project VDC

3 Ganeshpur

4 Koteli

5 Manilek

6 Mashtamandau

7 Nawadurga

5 Patan

1 Belapur

2 Koteli

6 Shikhar

1 Ashigram

2 Belapur

3 Kailapalamandau

4 Mashtamandau

7 Sigas

1 Belapur

DOTI

1 Adharsha

1 BanjaKakani

2 Chhapali

3 Dahakalikasthan

4 Dipayal Silgadhi N.P.

5 Girichauka

6 Kalikasthan

7 Khatiwada

8 Lamikhal

9 Mahadevsthan

10 Warpata

2 Bogtan

1 ChawaraChautara

2 Dhirkamandau

3 Durgamadau

4 Gaguda

5 Satphari

6 Tikhatar

3 Chaurpati

1 ChawaraChautara

2 Gaguda

3 Kadamadaun

4 Tikhatar

4 Dipayal Silgadi

1 BanjaKakani

2 Basudevi

3 Daud

4 Dipayal Silgadhi N.P.

5 Ganjari

6 Kalena

7 Kalikasthan

8 Kapalleki

9 Khatiwada

10 Khirsain

11 Mudabhara

12 Pachanali

13 Ranagau

14 Sanagau

15 Tikhatar

16 Wagalek

17 Warpata

5 K I Singh

1 Basudevi

2 Dhirkamandau

3 Dipayal Silgadhi N.P.

4 Durgamadau

5 Gaguda

6 Kapalleki

7 Ranagau

8 Satphari

9 Tikhatar

6 Nawadurga

1 Banlek

2 Lamikhal

3 Warpata

7 Purbichauki

1 Daud

2 Dipayal Silgadhi N.P.

3 Gaihragau

4 Ganjari

5 Kadamadaun

6 Kalena

7 Khirsain

8 Sanagau

9 Wagalek

8 Sayal

1 BanjaKakani

2 Chhapali

3 Dahakalikasthan

4 Daud

5 Girichauka

6 Kalena

7 Khatiwada

7 Toleni

8 Wagalek

9 Shikhar

1 Banlek

2 Dipayal Silgadhi N.P.

3 Jijodamandau

4 Kapalleki

5 Lamikhal

6 Latamandau

7 Mudabhara

8 Mudhegau

9 Pachanali

10 Tijali

11 Warpata

10 Sigas 1 Chhapali

2 Girichauka

3 Lamikhal
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Project Acronyms and Abbreviations

ADB  Asian Development Bank
BCRWME  Building Climate Resilience of Watersheds in Mountain Eco-Regions
CBNRM  Community Based Natural Resource Management
CBO   Community Based Organization
CDC   Community Development Committee
CDG  Community Development Group
CIF   Climate Investment Fund
CO   Community Organizer
CS   Community Supervisor
DEM  Digital Elevation Model
DHM  Department of Hydrology and Meteorology
DFSC:   Department of Forestry and Soil Conservation (formerly DSCWM)
DoS   Department of Survey
DSCO  District Soil Conservation Office
DSCWM  Department of Soil Conservation and Water Management
ICIMOD  International Centre for Integrated Mountain Development
FTT   Field Technician Team
GESI  Gender Equality and Soil Inclusion
GIS   Geographic Information System
GWRDB  Groundwater Resources Development Board
JT   Junior Technician
KIS   Knowledge Information System
KM   Knowledge Management
KS   Knowledge Sharing
KP   Knowledge Product
lpm   Liter per minute
lps   Liter per second
MCCRD  Mainstreaming Climate Change Risk in Development 
MOFE  Ministry of Forest and Environment
MOFSC  Ministry of Forests and Soil Conservation
M&E  Monitoring and Evaluation
NDF  Nordic Development Fund
PET   Potential Evapotranspiration
PMU  Project Management Unit
PPCR  Pilot Program for Climate Resilience
RA   Rapid Appraisal
SCA   Soil Conservation Assistant
SPPR  Sub-Project Project Preparation Report
SRTM  Shuttle Radar Topography Mission
SWMO  Soil and Watershed Management Office (formerly DSCO)
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BCRWME Knowledge Series

User and training manual on

Spring Water Assessment 

& Management

BCRWME KNOWLEDGE SERIES 1

Training Manual

Gender Equality & Social Inclusion

in Community Development

BCRWME KNOWLEDGE SERIES 2

GIS based Watershed Management Planning 

Sociodemographic and Economic 

Assessment and Prioritization

BCRWME KNOWLEDGE SERIES 3

Field guide for

Spring Development 

& Protection

BCRWME KNOWLEDGE SERIES 5

A Seven-Step Approach for

Springshed Development 

& Management 

BCRWME KNOWLEDGE SERIES 6

GIS based Watershed Management Planning 

Sub-Watershed 

Bio-Physical Prioritization 

BCRWME KNOWLEDGE SERIES 7

Training manual on  

Application of GIS in Watershed 
Management Planning 

BCRWME KNOWLEDGE SERIES 8

Guideline for

Watershed Planning 

& Management 

BCRWME KNOWLEDGE SERIES 9

Building Climate Resilience of Watersheds in Mountain Eco-Regions

Lessons Learned from 

Project Design & Implementation

BCRWME KNOWLEDGE SERIES12

© Government of Nepal
Ministry of Forest and Environment

Department of Forests and Soil Conservation
Building Climate Resilience of Watersheds in Mountain Eco-regions (BCRWME) Project 

Integrating GIS to   

Mapping Ground Water 
Recharge Potential

BCRWME KNOWLEDGE SERIES 4
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