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Out-migration is one of the most recognized adaptation practices when dealing with scarce resources and di-
sasters. With the general objective of exploring migration as an impact of climate-induced disasters, our study
was conducted in Khaniyapani, in the Sunapati rural municipality of Ramechhap district, Nepal. Disaster pri-
oritization was conducted using the pair-wise ranking method, with results suggesting that drought and soil
erosion are the most severe disasters in the study area. The severity maps were prepared using remotely sensed
data. A Normalized Difference Drought Index and the Revised Universal Soil Loss Equation were used to produce
the drought and erosion severity maps, respectively. Approximately 46.2% of the total study area was found to
experience severe droughts, and almost 10% of the area had high soil erosion rates. In total, 100 out of 794
households were interviewed for a semi-structured questionnaire. Drought severity was found to directly impact
livelihoods due to a decline in agricultural productivity, a decline in livestock, and drying of water sources. Out
of 100 families, 64 practiced seasonal migration. A decline in agricultural productivity and livestock, and water
scarcity were identified as the most influencing push factors. Excessive seasonal migration has reduced the
resilience of these families. Drought-resistant land, water, and crop management techniques and practices, and

alternative income-generating activities should be promoted to curb the seasonal migration.

1. Introduction

The global climate has been changing continuously since the very
beginning of the earth. It is considered a natural phenomenon, but the
rate of change is accelerated due to various human activities [1]. The
Intergovernmental Panel on Climate Change (IPCC) has defined climate
change as one of the most critical factors affecting the disaster risk [2].
The frequency and severity caused by climate-induced hazards are
increasing and vulnerable areas of under-developed countries face many
challenges [3]. The increasing warming trend and fluctuating weather
patterns have resulted in irregular precipitation, which has caused
increased flooding and drought risks [4]. Other adverse effects of rapidly
increasing warming trends have been seen concerning the sustainable
management of our planet’s resources, such as those relating to biodi-
versity, water, forest, land, along with various sectorial activities e.g.
agriculture and tourism [5].

Nepal is one of these highly vulnerable countries due to its physio-
graphical condition. Young mountains and a fragile ecosystem are

enormously impacted by climate change [6]. In 2017, Nepal was ranked
4th on the list of countries most affected by climate change [7]. The risks
for disasters, such as floods, drought, fire, erosion, mudslides, landslides,
and a glacial lake outburst flood have increased as the impact of climate
change increases [8]. More than 16 climate-induced events were docu-
mented from 1972 to 2016, and most of these were documented from
the eastern region of Nepal, which massively affects agricultural crops
and livelihoods [9]. Bhatt et al. [10] found decreases to agricultural crop
production due to drought and associated climate-induced impacts in
the Koshi River Basin. Winters are becoming drier and the monsoon
summers wetter, which have been causing more frequent and intense
summer floods and winter droughts [11]. Because a significant portion
of the Nepalese economy relies on climate-sensitive industries, such as
agriculture, forestry, and ecotourism, the vulnerability of the people is
exceptionally high [12,13].

Human movement in response to extreme weather patterns as a
means to escape danger and increase resilience is a typical behavior
since pre-historic times [14]. Migration has a dual nature. It is both an
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impact of climate change and an adaptation to climate change [15].
Impacts of the unchecked increase in temperature remain understudied,
especially those concerning social sciences. Any further increase in
temperature may threaten the peoples very survival [16,17]. People face
manifold impacts from climate change and natural disasters, which
along with socio-economic vulnerabilities reinforce their decisions to
migrate from one place to another [18]. The increased strength and
frequency of storms and floods, droughts and desertification, and
sea-level rise are prominent environmental factors responsible for
migration, and they are further expected to aggravate in the future
considering anthropogenic climate change [18,19]. The IPCC has
defined migration as the most dangerous short-term effect of climate
change [20]. Nepal is liable to an unplanned wave of climatic migration
[21]. Soil erosion and drought played major roles in reducing soil
fertility, resulting in low productivity leading to poverty, which was a
major factor contributing to migrations in Nepal [22].

Satellite images are essential for hilly terrain, such as Nepal, and
these images can be accurately used to measure and detect various
climate-related events [23]. Satellite-derived drought indices use mul-
tispectral bands, each of which provides different information con-
cerning surface conditions [24]. Certain satellite-derived drought
indices include the Normalized Difference Vegetation Index (NDVI) as a
drought exposure index, the Normalized Difference Water Index (NDWI)
as a water stressor index, and the Normalized Difference Drought Index
(NDDI) as a drought severity index [25].

Several predictive models have been developed to estimate soil loss,
which can be grouped into three main categories: empirical, physical,
and conceptual [26]. The Universal Soil Loss Equation (USLE) and its
successors the Modified Universal Soil Loss Equation (MUSLE) and the
Revised Universal Soil Loss Equation (RUSLE), are globally the most
used empirical models in the quantitative estimation of soil loss [27].
Application of remote sensing together with RUSLE in soil loss estima-
tion makes it more reasonable in terms of costs and maintains significant
accuracy considering its spatial coverage [28].

Our research focuses on climate-induced disaster severity using
spatial and meteorological data in the GIS platform. We have attempted
to explore the social data to resonate with the concept that climate-
induced disasters, such as drought, soil erosion, flood etc., directly
impact various essential factors contributing to the livelihoods of the
rural population and to investigate the influence of these impacts on
humans’ decisions to out-migrate.

2. Materials and methods
2.1. Study area

Ramechhap district lies in the mid-hills of Nepal, in Province number
3. The altitude of the district ranges from 369 m (the mean sea level at
Kolonjorghat) to 6959 m at Numbur Chuli. The climate ranges from
subtropical to alpine. Five forest types, i.e. sub-tropical evergreen, de-
ciduous, coniferous, high temperate, and cold desert, are found in the
district. The major tree species include Shorea robusta, Acacia catechu,
Michelia champaca, Schima wallichi, Alnus nepalensis, Thuja occidentalis,
Pinus roxburghii, and Pinus wallichiana. The percentages of land use and
land cover covered by cultivated lands, forestland, shrubland, grassland,
abandoned/wastage land, and other land uses in Ramechap district are
32.54%, 34.58%, 15.81%, 5.93%, 9.2%, and 1.94% respectively [29].

Climate change vulnerability mapping for Nepal, published by the
Ministry of Environment [30], has stated that the overall climate change
trend in the district is very high. This severe climate change has resulted
in very high exposure to disasters such as drought, erosion, and land-
slides. Furthermore, despite the high vulnerability to disasters, local
people have substantially low estimated socioeconomic capabilities for
adaptation.

In this study, we focused on Khaniyapani, former Village Develop-
ment Committee and presently ward 5 of Sunapati rural municipality in
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the Ramechhap district. The average altitude is 1094 m (3589 feet)
above the mean sea level. Khaniyapani is comprised of two Nepali
words: “Khaniya” meaning “digging” and “Pani” meaning “water”. This
ancient name has been kept due to the area’s characteristic scarcity of
water, which caused local people to dig deeper in search of it.
Geographically, Khaniyapani lies in the northern rain shadow area of the
Mahabharat range, and therefore has faced more severe droughts than
other parts of the district. The biodiversity in the area is on a decreasing
trend, where even drought-resistant species e.g. Acacia catechu are
concurrently being replaced by thorny shrub species.

2.2. Data collection

Landsat 8 Operational Land Imager (OLI) and Advanced Spaceborne
Thermal Emission and Reflection Radiometer (ASTER) global digital
elevation model version 2 (GDEM 002) image were downloaded from
Earth explorer and The United States Geological Survey. Satellite data, a
digital elevation model, soil, and precipitation data were used for the
drought and erosion sensitivity analyses (Table 1).

Due to study area having no meteorological station, we obtained
monthly precipitation data from the three nearest stations, i.e. Manthali,
Panchkhal, Sindhuli, from the Department of Hydrology and Meteo-
rology, and obtained continuous average precipitation data from
Worldclim version 2.0. Monthly precipitation data for the study area
(1988-2017) were estimated using the normal ratio method.

N/Pl P2 P3
P==(—+
n \N1

N2 N3
where P is the estimated monthly precipitation data for Khaniyapani;
P1, P2, and P3 are the monthly precipitation data from Manthali, Pan-
chkhal, and Sindhuli stations, respectively; N, N1, N2, and N3 are the
average precipitation data from the Worldclim database for Khaniya-
pani, Manthali, Panchkhal, and Sindhuli, respectively; n = total number
of stations = 3.

@

2.3. Analysis

2.3.1. Drought severity map

The NDDI [25] was calculated from the Landsat 8 OLI/TIRS image
for 2017. The NDDI map was reclassified to prepare the drought severity
map [24] (see Fig. 1).

Table 1
Data sets used and different sources.
Data Attributes Type Use
LANDSAT 8 Collection 1, Path: 141, Raster Normalized Difference
OLI/TIRS" Row: 041, Acquisition Vegetation Index,
date: 3rd April, 2017 Normalized Difference
Water Index, Normalized
Difference Drought Index
Cover management factor
ASTER GDEM” Version 2.0, Raster Topographic Factor,
Resolution:1 Arc second Support Practice factor
Soil Map* HWSD version 1.2, Raster Soil erodibility factor
Resolution: 30 Arc
seconds
Precipitation Archival data from Excel Precipitation trend
data’ DHM, Government of data analysis,
Nepal Rainfall erosivity factor
Worldclim version 2.0, Raster
Resolution: 30 Arc
seconds

2 www.earthexplorer.usgs.gov.

b www.gdex.cr.usgs.gov.

¢ https://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-databa
se/HTML/.

4 www.worldclim.org/version2.


http://www.earthexplorer.usgs.gov
http://www.gdex.cr.usgs.gov
https://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database/HTML/
https://webarchive.iiasa.ac.at/Research/LUC/External-World-soil-database/HTML/
http://www.worldclim.org/version2
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where the NDVI, NDWI, near-infrared band (NIR), red band (Red), and
Short-wave infrared band (SWIR). The NDDI was used to estimate the
drought severity of the study area. The map was prepared by reclassi-
fying the NDDI value into five severity classes, as classified by Ref. [24],
which is shown in Fig. 2.

2.3.2. Erosion severity map

The RUSLE model, which is updated from the USLE model, was used
in the GIS platform to prepare the erosion map of the study area. The
RUSLE model is expressed by equation A = RKLSCP, where A is soil loss
(tha™! yr‘l) and R, K, LS, C, and P are RUSLE parameters (Table 2). The
final map obtained for the annual soil loss by multiplying all these pa-
rameters using the raster calculator in ArcGIS was then reclassified into
severity classes. We used the soil erodibility for various textural classes
from Ref. [31] (Annex 1) and the P factor for different slope from
Ref. [32] (Annex 2).

The following parameters were used for estimating the potential
annual soil erosion rate and classifying the study area based on erosion
severity:

1. Rainfall Erosivity Factor (R): 115.3 mm-136.717 mm

2. Soil Erodibility Factor (K): 0.25

3. Slope Length and Slope Steepness factor or Topographic Factor (LS):
0-847.024

684000

N 680000

3040000

3036000
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4. Cover Management Factor (C): 0.212-1.245
5. Support practice Factor (P): 0.55-1

2.3.3. Focus group discussion (FGD)

Semi-structured questionnaire interviews were conducted with a
hundred households and focus group discussions (FGD) with three
groups to understand the impacts of drought and erosion on livelihoods.
Household sample size for the survey was calculated with a confidence
of no less than 90% and a confidence interval of 10 with a sampling
intensity of more than 10%. A stratified random sampling method was
used to identify sample households, so that the sample was represen-
tative of all groups and social divisions and was unbiased to the highest
possible extent.

The social data analysis mainly used three approaches: the pairwise
ranking method for disaster prioritization, the Likert scale to analyze the
impacts of the disasters on livelihoods, and rank analysis for various
push factors of seasonal migration. Moreover, the social data collected
from the semi-structured household interviews were processed and
analyzed using Microsoft Excel.

3. Results
3.1. Disaster prioritization and drought severity map

The list of disasters in the study area was prepared with deliberation
in the FGDs. Furthermore, they were prioritized using the pairwise
ranking (LAPA framework) method, as shown in Table 3.

The discussion for prioritizing the possible climatic disasters using
the pairwise ranking method showed that drought is the most severe
disaster in Khaniyapani, followed by soil erosion. Drought severity
classes with their NDDI value ranges and the areas occupied by each
class are shown in Table 4. The table also includes data from a similar

688000

Province

K K H K
I > 4 s

Ramechhap |~

" - Sunapati RM
x4
Ramechhap

3036000

688000

-
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Khaniyapani VDC

- Sunapati RM

Fig. 1. Location map of study area.
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Fig. 2. Drought severity map reclassified into severity classes.

Table 4
Drought severity classes and size of affected areas.

Table 2
Revised Universal Soil Loss Equation parameters.
RUSLE parameters Equations used Reference
R (Rainfall erosivity R =79+ 0.363 Ry [27]1
factor) Ry = Average annual rainfall in mm
K (Soil erodibility From textural class and organic matter content ~ [31]
factor) (Annex 1)
LS (Topographic LS = Pow ([Flow accumulation] * Resolution/ [27]
factor) 22.13, m) *
Pow (Sin([slope of DEM]*0.01745/0.0896,
1.3)
m = B/(1+p), where  is the ratio of rill erosion
to inter-rill erosion
and § = fine/ooéosgs
3(sind)"° + 0.56
0 = slope angle (°)
C (Cover C = e (77 (NDVD/G-NDVD) [27]
management ‘a’ and ‘b’ are unitless parameters with values 2
factor) and 1, respectively
P (Support Practice The slope map was prepared and P value for [32]
factor) different slopes used considering contouring as
a general conservation practice (Annex 2 and
Annex 3)
Table 3
Pairwise disaster ranking.
1 2 3 4 5 6 Score Rank
Drought (1) 1 1 1 1 1 5 1
Landslide (2) 3 2 2 2 3 3
Soil erosion (3) 3 3 3 4 2
Diseases and pests (4) 5 4 1 5
Forest fire (5) 5 2 4
Thunder/Windstorm (6) 0 6

NDDI Severity Area (km?) in % of land in % of land in
Value Class Khaniyapani Khaniyapani Ramechhap
[24]

<-2 Very low 0.01 0.0 24.3
severity

-2-0.7 Low 3.91 18.5 41.3
severity

0.7-1.25 Moderate 5.58 26.4 21.6
severity

1.25-3 High 9.77 46.2 10.5
severity

>3 Very High 1.88 8.9 2.3
Severity

study [24] in the Ramechhap district. The comparison shows that
droughts are much more severe in Khaniyapani. Fig. 2 shows the various
scales of drought severity in the study area.

The trend of total precipitation from 1988 to 2017 is shown in Fig. 3.
The precipitation shows irregularity, but the trend is declining. The
maximum rainfall recorded was 1778 mm, which occurred in 1999. The
minimum rainfalls recorded were 639.2 mm and 728 mm, which
occurred recently in 2016 and 2017, respectively. With reference to
Ref. [24], months with less than 60 mm of rainfall were categorized as
‘dry months.” The trend of dry months is shown in Fig. 3. The total
number of dry months has increased slowly over the years. The
maximum number of dry months (nine) was recorded 2015, whereas the
minimum was four in both 1988 and 2004. Month-wise average pre-
cipitation (1988-2017) is shown in Fig. 3. The months of January
(12.08 mm), February (17.9 mm), March (35.66 mm), October (54.9
mm), November (6.1 mm), and December (7.65 mm) are dry months
that receive less than 60 mm of average rainfall in a year.
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Fig. 3. Total precipitation and number of dry months (a) and average precipitation (mm) per month between 1988 and 2017 (b).

3.2. Erosion severity map

Soil erosion in Khaniyapani was found to range from O to 847 tons
ha~! yr!. The map was then prepared by reclassifying the erosion rates
into six severity classes, as classified by Ref. [33], shown in Fig. 4. The
soil erosion rates, classified into six severity classes, along with the area
occupied by each class are shown in Table 5.

3.3. Impacts of drought on livelihood

Some of the significant drought impacts on the livelihoods of people
were identified and discussed in the FGD and the list was then incor-
porated into the household questionnaire, where each respondent had to
provide their degree of agreement to each of the impacts that were
measured using the Likert scale. The results are presented in Table 6.
Most respondents strongly agreed with statements concerning the
impact of drought on several factors that directly impact livelihoods.

The descriptive analysis of irrigation status on two distinct and
dominant agricultural land-use systems, i.e. Khet land (lowland) and
Bari land (upland) in Khaniyapani. Of the families owning Khet land,
36.1% have no irrigation at all, 47.4% have seasonal irrigation oppor-
tunities, and only 16.5% have year-round irrigation. Similarly, 78% of
the families who own Bari land have no irrigation at all, 22% have
seasonal availability of irrigation, and none have year-round irrigation.

3.4. Seasonal migration

Seasonal migration is a common practice in Khaniyapani. In total, 64
out of 100 interviewed households had someone from the family
involved in seasonal migration. Most seasonal migrants were males in
the age group 20-40 years, who worked in various brick kilns in Kath-
mandu valley. They generally move out of the village after the festival of
Dashain (September/October) and do not return until the pre-monsoon
period (May/June) for agriculture cultivation. The ratio of the inde-
pendent population (16-60 years) to the dependent population (<16
and >60 years) in the study area was 0.74, of which most of the inde-
pendent members were women.

Fifty-four percent of respondents strongly agreed and 43% agreed
that increased out-migration in Khaniyapani is due to increased drought
conditions. However, to further emphasize that drought is one of the
most significant factors affecting seasonal migration, respondents were
asked to rank four major push factors of migration that were identified
during the FGDs, with rank one being the most significant and rank four
being the least significant factor (Annex 4). People considered agricul-
tural productivity and livestock decline, and water scarcity to be the first
and second significant factors affecting seasonal migration, respectively
(Fig. 5). Also, these two factors are directly linked with drought.

Fig. 6 shows how seasonal migration is affected by irrigation op-
portunities in the fields. On Khet land, as irrigation improves from no
irrigation to seasonal to year-round irrigation, the percentage of families
involved in seasonal migration has decreased from 82.86% to 63.04%-—
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Table 5 Table 6
Soil erosion severity class and area occupied. Peoples’ perceptions of drought impacts.
Erosion rates Erosion Area (Km?) in % of land in % of land Impacts Respondents (%)
tha ! yr! 1 Khani i Khani i in Nepal
(tha”yr™)  class antyapant antyapani 1[1;2]epa Strongly Agree  Neutral Disagree  Strongly
agree Disagree
0-5 Slight 10.53 49.78 44.1
180 Agricultural 77 23 0 0 0
erosion ductivit
5-10 Moderate 6.40 30.23 14.2 proc ¥
erosion decline
10-20 High 2.09 088 106 Previously suitable 43 57 0 0 0
erosion crop lost
20-40 Very high 1.25 5.89 13.3 Drying of water 89 1 0 0 0
. source
erosion Scarcity of drinkin 81 19 0 0 0
40-80 Severe 0.56 2.65 6.8 ¢ J
erosion water
~80 Very severe 033 1.56 11.0 Wlldhfe population 3 60 37 0 0
erosion decline
Livestock number 72 26 2 0 0
decline
. . . . .. . Forest degradation 33 55 12 0 0
31.25%, respectively. On Bari land, families with no irrigation and increasﬁ
seasonal irrigation have nearly the same migration rates (64.8% and Migration increase 54 43 3 0 0

60%), i.e. seasonal irrigation on Bari land has no significant effect on
reducing migrations. In contrast, families with access to year-round
irrigation were not found to migrate. Thus, providing seasonal facil-
ities on Khet land may reduce migration, but year-round irrigation is
crucial for reducing migration from both lands.

The total annual income of a hundred respondent families was
grouped into seven categories, starting from NRS 25 000 and an interval
of NRS 50 000 (Fig. 7). As the income class increases, the percentage of
people involved in seasonal migration increases. Fifty percent of people
in income class NRS 325 000-375 000 were involved in seasonal
migration, 16.7% of which participated in foreign migration and only

33.3% were involved in domestic migration. The percentages of total
family members involved in foreign or domestic seasonal migration are
plotted against the income class in Fig. 7.

The percentages of total family members involved in foreign and
domestic seasonal migration are plotted against the total number of
dependent members in a family in Fig. 8. As the number of dependent
members increases initially, the percentage of members involved in
seasonal migration decreases, but as the number of dependent members
increases further, the seasonal migration percentage increases. The
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Fig. 7. Total annual income in NRS and seasonal migration.

initial increment of the dependent population in the family demands
maximum presence at home. However, as it further increases, it places
economic pressures on the families, which results in more seasonal
migration.
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Fig. 8. Total number of dependent population (age group of <16 and >60) and
seasonal migration.

4. Discussion

Khaniyapani was found to experience severe droughts, with 55.1% of
the land having an NDDI value over 1.25, whereas only 12.8% the land
in Ramechhap district experienced severe droughts. A study conducted
in the Gandaki River Basin in central Nepal found an increasing trend of
drought from 1991 to 2012 [34]. A drought assessment of Khoshi River
Basin, which also includes Ramechhap district, shows extreme to mod-
erate drought conditions [35].

The risk of a drought period occurring is mainly due to the increase
in temperature with a decrease in precipitation rate, and average tem-
perature has remarkably increased at a rate of 0.03 °C year ! while the
average precipitation has decreased at a rate of —5.12 mm year ! in
Nepal [36], and we also found a similar trend of temperature and pre-
cipitation in this study.

In contrast with drought severity, Khaniyapani was found to suffer
less severe erosion, as only 20% of the land experiences more than 10
tons ha~lyr~! of erosion compared to the erosion severity in the whole
country, where 42% of the land [32], 56.11% of the land in Karnali
River Basin [37], and 13% of the land in Khosi River Basin [38] expe-
rienced more than 10 tons ha yr ™! of erosion. The study conducted in
the two middle mountain sub-watersheds (Madhav khola and Jogi and
Bhandare Khola) in central Nepal also concluded that these areas
experienced less erosion severity [39].

The increasing temperatures of the high Himalayas and the moun-
tains of central Nepal cause droughts, erosion, and associated problems
[40], and people out-migrate from rural areas to urban areas due to
climate change, which impacts agricultural lands, causes changes to
water conditions, and creates difficulties in continuing and enhancing
livelihoods [41,42]. We explored similar conditions in this study. A
study conducted on the rural community of western mountainous Nepal
also shows that climate change is causing problems related to land and
environment, which ultimately decreases land productivity, decreases in
natural resources, social inequalities, and lastly severely affects the
livelihoods of poor people [43].

Seasonal changes in temperature and precipitation massively affect
the livelihoods of rural communities in Nepal, which broadly depend on
agriculture supported by livestock and forest products. Marginalized
people extensively face the impact of climate change, with no ability to
cope with or tolerate the extra burden of practicing adaptation measures
[44].

Many problems revolve around water stress, including shortages for
drinking, irrigation, and other purposes, and people cope with these
problems rather desperately and not always successfully [45].
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Increasing drought events have greatly affected the agriculture of many
developing countries, which greatly depend upon rain for irrigation.
Globally, rain-fed agriculture is practiced in 80% of the total physical
agricultural area and it generates 62% of the world’s staple food [46].
The drought of 2008-2009 in Nepal had a severe impact on local food
security. During this period, most monitoring stations received less than
50% of the normal rainfall, 30% recorded no precipitation at all, and
temperatures 1-2 °C above average were recorded [47]. According to
the United Nation’s World Food Programme (WFP), more than 300 000
people in nine hill districts of far western and mid-western Nepal faced a
precarious food situation after crops failed in 2008 due to drought [48].
Approximately 40 districts in Nepal have faced food shortages due to
droughts, inducing a decline in productivity [45].

The report from the United Nation’s University Institute for Envi-
ronment and Human Security (UNU-EHS) in 2005 stated that at least 20
million people were displaced due to environmental reasons worldwide,
which was more than those displaced by wars and political repressions
combined. This number was predicted to reach 50 million by 2010 and
150 million by 2050 [49]. Considering that a major portion of the
Nepalese economy relies on climate-sensitive industries, such as agri-
culture, forestry, ecotourism, etc., the vulnerability of the Nepalese
people is extremely high [12].

5. Conclusions

Drought and soil erosion are major climate-induced disasters faced
by the people in Khaniyapani. A significant portion of the area is under
severe drought conditions that are becoming more severe with every

Annex.

Annex 1
Soil erodibility for textural classes
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passing year. Water sources have dried, and a family must walk an
average of 3 h to fetch drinking water. More than 60% of the land is left
fallow for most of the year, and 25% of the land is barren throughout the
year due to lack of irrigation. People are reducing the number of cattle
they hold due to a scarcity of feeding materials and the stress of fetching
water. As a result, seasonal migration has increased. Most young men
engage in seasonal migration, where they are away from home for a
significant fraction of the year. This seasonal migration reduces the
resilience of the entire village during unfavorable situations and further
increased the impacts of climate change.

The local government, with coordination and collaboration among
various stakeholders at different levels, should address these issues and
prepare plans for water conservation (conservation ponds, water lifting
plans, and rainwater harvest), crop and land management (conservation
agriculture, drought-resistant crop varieties), and monitoring facilities
to fight the drought conditions. Also, alternative income generation
activities should be promoted to extenuate the seasonal migration.
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Textural class

Organic matter content

0.5 2 4
Fine sand 0.16 0.14 0.1
Very fine sand 0.42 0.36 0.28
Loamy sand 0.12 0.1 0.08
Loamy very fine sand 0.44 0.38 0.3
Sandy loam 0.27 0.24 0.19
Very fine sandy loam 0.47 0.41 0.33
Silt loam 0.48 0.42 0.33
Clay loam 0.28 0.25 0.21
Silt clay loam 0.37 0.32 0.26
Silty clay 0.25 0.23 0.19
Source [31].
Annex 2
P factor for different slopes

Slope % Contouring

0-7 0.55

7-11.3 0.609

11.3-17.6 0.80

17.6-26.8 0.95

>26.8 1.00

Source [32].
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Annex 4
Evaluation of ranks

Ranks Weights Factors
Agricultural productivity and livestock decline Financial debts and obligations Water scarcity Lack of infrastructure
1 1 72*1 7*1 19%1 2%1
2 0.75 28%0.75 15%0.75 48*0.75 9%0.75
3 0.5 0 35%0.5 28*0.5 37%0.5
4 0.25 0 43%0.25 5%0.25 52*.25
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