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Figure 1. Map of research site.

Preference ranking of adaptation measures. Index of Usefulness
of Practice for Adaptation tool? was used to evaluate the gen-
eral usefulness of practices for prioritization of adaptation
strategies to climate change variability on the basis of criteria
and indicator. It is obtained by,

1. Multiplying individual variable scores with assigned var-
iable weight;

2. Consequently summing the weighted individual param-
eter scores (weighted sum)

ic i*Pi

IUPA =42

ZPi
i=1

where n=total number of criteria (variables); Ci=score (1-10)
assigned to criterion #; Pi=weight of ith criterion in total index

score (value between 0 and 10; an indicator of its relative
importance in global evaluation of practice’s usefulness).

Results and Discussion

Climatic data analysis

Temperature analysis. The linear regression analysis of overall
trends of mean annual maximum, minimum, and average tem-
perature since 29years (1989-2018) showed an increment of
maximum temperature by 0.0532°C, decrement in minimum
temperature by 0.00128°C, and increment in average tempera-
ture by 0.0202°C (Figure 2). Thus, the temperature is in
increasing trend which supports the evidence of climate change
in the study area?! which matches the people’s perception.

Rainfall variability. Similarly, rainfall data were collected from
Dhunche station for 30years. The linear regression analysis
showed winter rainfall decreased by 0.5mm and monsoon
rainfall which increased by 2.1 mm (Figures 3 and 4).
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Figure 2. Trend of mean annual maximum, minimum, average temperature from 1989 to 2018.
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Figure 3. Annual monsoon rainfall trend line from 1988 to 2018.
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Figure 4. Annual winter rainfall trendline from 1988 to 2018.
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People perception on climatic variability

Climate change is a global issue faced by the world today. In
Gatlang village, more than 66% of respondent have not heard
about climate change while only 34% of people knew about
climate change through radio.

Perception on temperature variability. Most of respondents had
opinion that temperature in summer now is increased (68.8%)

followed by melting of snow is increased (50%) and number of
dry days is increased (53.1%) except for temperature in winter
is not changed (50%) (Table 1). Temperature in winter has
mismatch perception by respondents. Thus this result supports
long-term temperature data (Figure 2).

Perception on rainfall variability. Average winter rainfall, mon-
soon rainfalls were observed in decreasing trend which is 40.6%



Rayamajhi and Manandhar

Table 1. Perception on temperature variability.

QUESTIONS

TEMPERATURE VARIABILITY

CODE

NO CHANGE (%)

INCREASED (%)

DECREASED (%)

1. Temperature in summers now compared to 30years ago
2. Temperature in winters now compared to 30years ago
3. Melting rate of snow now compared to 30years ago

4. Number of dry days now compared to 30years ago

Table 2. Perception on rainfall variability.

QUESTIONS

RAINFALL VARIABILITY

28.1 68.8 3.1
50 375 12.5
43.8 50 6.2
40.6 53.1 6.2

NO CHANGE (%)

INCREASED (%) DECREASED (%)

1. Average winter rainfall now compared to 30years ago

2. Average monsoon rainfall now compared to 30years ago
3. Erratic events of rainfall now compared to 30years ago

4. Rainfall becoming unpredictable compared to 30years ago
e. Hailstorms events now compared to 30years ago

f. Erratic Snowfall now compared to 30years ago

g. Thunderbolt events now compared to 30years ago

and 56.2%, respectively. Herders experienced increased erratic
rainfall (53.1%) and unpredictable rainfall (62.5%). Similarly
erratic events of snowfall (56.2%), thunderbolt (53.1%) events,
and hailstorm (71.9%) were in increasing trend. Long-term
rainfall analysis supports the decrement of winter fall but is
controversial with decrement of monsoon rainfall (Table 2).

Socio-economic characteristics of respondents

In Gatlang, people regard livestock as their important asset for
livelihood, and they are practicing transhumance system from
ancestor period. This village is inhabited by Tamang commu-
nity.?> Among 32 respondent involved in transhumance sys-
tem, 59% of male and 41% of female participate in questionnaire
survey. Mostly livestock were taken by male member to higher
altitude in summer. The age group of 25 to 50years (>72%)
were mostly involved in transhumance herding system. Their
major livelihood strategy was agriculture and livestock rearing
and majority of herders were illiterate (81.2%).

Livestock holding. Livestock rearing was one of the main
sources of income for people residing in the study area (Figure 5).
Livestock such as cattle, Yak (Nak/Chouri), sheep, goat, and
buffaloes were reared to meet their basic needs. Herders in Gat-
lang move their livestock from low lying area to higher altitude
to use the pasture resources which is known as transhumance
system.

25.0 34.4 40.6
18.8 25.0 56.2
375 53.1 15.6
21.9 62.5 15.6
21.9 71.9 6.2
281 56.2 15.6
43.8 53.1 3.1

Status of transhumance system

There were 475 households in the study site and maximum
residents were engaged in livestock farming with mixed agri-
culture. About 80% of people were engaged in transhumance
system rather than sedentary system or stall feeding.

According to key informant there were 39 chouri goths
(herds of chouri), 1 Nak goth consisting of about 20 to 30 nak
or yak at each goth. Similarly there were 18 to 19 sheep goth
(commonly known as bhedi goth) consisting 300 to 400 sheep.
Each herd was taken care of by 3 to 4 people.

In Gatlang, there were around 108 rangelands (also called
kharka). The rangelands, grazing spots, routes, and water
sources were managed by their indigenous arrangement called
Thiti “system is traditional custom started by ancestors, helps
to maintaining the grazing spots, routes, check water availabil-
ity and in return herders have to pay some amount of money or
collect chouri ghee annually.”

Seasonal movement of livestock

In Gatlang, livestock movement was two way movements
where herders took their livestock to higher altitude for about
5 to 6 months and return back to low altitude to escape from
harsh climatic condition (Figure 6). The elevation of Gatlang
ranges from 2238 to 5000 m above sea level. The livestock were
moved between fixed summer and winter range land (com-
monly called kharka). In winter, the people grazed their
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Figure 5. Livestock details of the Gatlang (source: MLD, 2018).
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Figure 6. Seasonal movement of livestock of Gatlang.

livestock in the local periphery or descend down till Mailung
kharka while in summer the livestock were taken to high alti-
tude to Jasukunda, Sangden Mountain, Khurpubhanjyang
kharka, and so on. According to focus group discussions and
key informant cattle like cow, oxen were moved from 2000 to
3000 m above sea level. In contrast, sheep and mountain goat
were moved between 1200 to 4000 m, while yak and chouri
were moved above 4500 m above sea level. Rangeland in higher
altitude was only accessible during summer season (June-
September). Herders moved to low valley in the winter season
(November-February). Livestock used alpine meadow in
higher altitude and stubbles from fallow agricultural land at
lower elevation. During the movement undergrowth in the for-
est was the major forage source.

Contribution to livelihood

Livestock was found as a powerful asset for people livelihood in
Gatlang. As per the survey, we found herders sold about 10 to
12 sheep and goats annually each costing NRs. 10000 to 15000

(US$90-130). But herders rarely sold chouri as it added income
to their livelihood with major product diversification (milk and
cheese). They sold milk at the rate of NRs 70 per liter (US$0.7).
There were no governmental or institutional supports for
product diversification. Thus it was done on individual basis.
According to one herder,

I sell sheep and goats for the income and invest again to buy chouri
as the milk can be easily sold at cheese factory.

Furthermore, the wool from sheep were sold at the individ-
ual initiation, thus livestock rearing contributed about 1 lakh
NRs. (US$900) income annually.

Reason for livestock movement

There were many reasons for seasonal movement of livestock.
The main reasons was adjusting temperature followed by
searching for forage availability, examining water availability,
avoiding overgrazing, and adjusting time of medicinal plant

collection (Table 3).

Perception on changes in biophysical indicators

Most of the respondents agreed on all the statements except to
the statement “Grassland zones are shifting up” strongly disa-
greed (2.25). Similarly shrinking grazing lands was agreed by
most of the respondents followed by decrease in crop produc-
tivity, fast melting of snow in the rangelands which is 4.15,
4.12, and 4.03, respectively (Table 4).

Figure 7 shows that the statement “Shrinking Grazing
lands” was agreed most (93.6%) while “Grassland zones are
shifting up” was least agreed (15.6%).

Water sources in rangelands

There were around 108 %harka in Gatlang with different water
sources available for livestock grazing in the area. But water
sources were dried up as explained in (Figure 7) and some of
the water sources status of study site is shown in (Table 5).

Presence of invasive species

Many people agreed to the statement of presence of invasive
species. According to herder, Invasive weeds such as Nilo gandhe
(Ageratum sp) and Banmara (Eupatorium sp) covered the lands
which is seen mostly in lower altitude, traditional nutritious grasses
such as Nigalo (Drepanostachyum sp.), White clover (Trifolium
repens) etc. are highly replaced.

Similarly, herders also claimed that previously they used to
graze livestock in one rangeland for 4 to 5days but now they
have to move to more rangelands for nutritious grasses. Many
livestock were dying due to fall while searching for forage in
high altitudes.
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Table 3. Reason for livestock movement.

SL. NO. STATEMENTS LEVEL OF AGREEMENT (IN %) WEIGHTED RANKING
- MEAN
5 4

1. Adjusting temperature 59.4 40.6 - - - 4.59 |

2. Avoiding overgrazing in rangeland 9.4 37.5 53.1 - - 3.56 v

3. Searching for forage availability 28.1 71.9 - - - 4.28 1]

4. Examining for water availability 9.4 56.4 18.8 9.4 341 3.62 I}

5. Adjusting time of medicinal plant collection - 12.5 43.8 375 6.2 2.62 \

Strongly agree =5, agree =4, neither agree nor disagree =3, disagree=2, strongly disagree=1.

Table 4. Perception on changes in biophysical indicators.

STATEMENTS LEVEL OF AGREEMENT (IN PERCENTAGE) WEIGHTED

- MEAN

5 4 ] 2 1
1. Grassland zones are shifting up 341 12.5 15.6 43.8 25.0 2.25 X
2. Melting of snow in the rangelands is faster 18.8 34.4 12.5 31.2 341 4.03 1]
3. Greenery induce in the rangelands earlier than in the past 18.8 531 12.5 15.6 - 3.75 \
4. Water sources are drying up in along the livestock migration routes 12.5 59.4 18.8 94 - 3.81 \
5. Presence of invasive species is increasing 6.2 40.6 31.2 15.6 6.2 3.25 IX
6. Plants flower and mature earlier in the rangelands 9.4 56.2 28.1 341 3.1 3.50 Vil
7. Shrinking grazing lands 25.0 8.8 6.2 - - 4.15 |
8. Forest fire is increasing 18.8 28.1 46.9 6.2 - 3.59 Vil
9. Occurrence of livestock diseases now compared to past 21.9 53.1 21.9 3.1 - 3.94 \%
10. Crop productivity is low 375 40.6 18.8 3.1 - 412 1l

Strongly agree =5, agree =4, neither agree nor disagree =3, disagree=2, strongly disagree=1.
Crop productivity is low 78.10%
75%

Occurrence of livestock diseases

Forest fire is increasing

93.60%
Shrinking grazing lands

w4 2Z2mZm-H>-Huwn

Plant flower and mature earlier in rangelands 65.60%

Presence of invasive species is increasing

Water sources are drying along livestock migration routes 71.90%

Greenery induce in the rangeland earlier than in past 71.90%

Melting of snow in the rangeland is faster

Grassland zones are shifting up 15.60%

PERCENTAGE

Figure 7. Percentage of respondents (Strongly agree + agree) on the statements.




Air, Soil and Water Research

Occurrence of new livestock diseases

Similarly, herders agreed to the statement “occurrence of live-
stock diseases.” The common diseases seen in livestock were
khoret (foot and mouth rusting), pneumonia, diarrhea, urine
infection, eye disease, namle parasite, tick infection, and so on.

Adaptation strategies

Herders are practicing different strategies for overcoming
impacts of climate change. Many respondents did not know
about adaptation strategies since very few program were car-
ried out in the study area for their awareness. The recent pro-
gram was done by ecosystem-based adaptation which was
attended by least people.

Table 6 shows the adaptation strategies that local people
adapted in the area. Here, reserving some grazing area was pre-
ferred more with IUPA ranking 4.75 followed by seasonal
movement of livestock 4.5 (Table 7). Similarly, change in the
livelihood option was least preferred with IUPA ranking 2.09.
Reserving some grazing area implied taking livestock to other
wards to graze in return of which herders had to pay NRs 500
to 600 for each yak/nak/ chouri for 5 to 6 months. Changing
livelihood option was less preferred because very few people
were engaged in carpeting, labor pottering, and NTFP collec-
tion. In addition to storing grass hay, crop residue, and grains,
many herders mentioned they bought concentrates which was
equal to 128 kg approximately per year. Along with traditional
adaptation strategies such as seasonal movement of livestock,
reserve some grazing area herds are also practicing some other
adaptation measures such as changing livestock variety, shifting
toward other livelihood options.

Discussion

The linear regression analysis of 30years temperature showed
increase in mean maximum temperature by 0.05°C which was
near as reported by DHM.2® Average annual temperature was
increasing (0.0202°C) which was slight change as predicted*
for increase in temperature of HKH at 0.3°C at the end of 21st
century. Thus temperature is increasing which is in line with
people’s perception. The people perceived no change in winter

Table 7. Adaptation strategies score.

SL. NO. PRIORITIZATION

1. Seasonal movement of livestock

2. Change in livestock variety

3. Reserve some grazing area

4. Store grass, hay, crop residue, and grains
5. Change livelihood option

6. Store water

Abbreviation: IUPA, Index of Usefulness of Practice for Adaptation.

temperature. Monsoon precipitation increased by 2.3 mm which
was not in line with people perception. The mismatch percep-
tion might be because they forgot the distant events.? The sea-
sonal movement of livestock was found vertical with 5- to
6-month duration, which is similar as reported by Dong.?¢ The
main reasons for movement were ranked as adjusting tempera-
ture, searching for forage availability, and examining water
availability. Similar findings were mentioned except avoiding
overgrazing in Langtang.?” Most of the respondents agreed

Table 5. Water sources and their status.

RANGELANDS WATER SOURCE STATUS
1. Nadakharka Dried
2. Kothenkharka Dried
3. Khurpubhanjyang kharka Dried
4. Chyaujekharka Dried
5. Kalchekharka Dried

Table 6. Climate change impacts and adaptation measures.

CLIMATE CHANGE IMPACTS ADAPTATION

Reserve some
grazing area

Presence of invasive species is increasing
Plants flower and mature earlier in the

rangelands

Grassland zones are shifting up Seasonal
Melting of snow in the rangelands is faster ~ movement of
Greenery induce in the rangelands earlier  livestock

than in the past

Forest fire is increasing
Crop productivity is low

Store grass, hay,
crop residue, grains
Water sources are drying up in along the Store water
livestock migration routes

Occurrence of livestock diseases now
compared to past

Change in livestock
variety

Shrinking grazing lands Change livelihood

Erratic snowfall option
Increased number of dry days
IUPA SCORE PREFERENCE
4.5 Second
2.62 Fifth
4.75 First
3.38 Third
2.09 Sixth
3.75 Fourth
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changes in biophysical indicators such as spring budding, flow-
ering, drying water sources, early flowering and maturing, pres-
ence of invasive species, shrinking grazing lands, greenery
induce earlier than past are strongly agreed by people which
collides with the explanations by Aryal et al.>> Similarly, many
respondents disagreed the shift of grassland zone which is not
in favor of previous scholars?® who reported shift of range for
many plant species, tree line, and vegetation belt. Rangelands
can produce goods and services even in extreme climatic
events,' but there is no proper practice for rangeland manage-
ment, the locally developed institutional arrangement known as
Thiti is responsible for it. The seasonal movement of livestock is
an ecological necessity as well as herder’s rational approach to
use grazing resources.”’ Mixed herding also helped to reduce
the vulnerabilities to climate change,3? increasing food diversity
and security, efficient utilization of grazing resources available at
different location and altitude because all grazing areas are not
equally accessible to all livestock types. Same is noticed in the
study area as they rear different livestock. The adaptation meas-
ures adopted by herders are in line with previous scholars!??7:31
reserving some grazing area was most preferred followed by sea-
sonal movement of livestock except reducing the length of stay
at points, reducing herd size, and stall feeding animals.

Conclusion

Rasuwa observed increase in mean average temperature
(0.0202°C), increase in monsoon precipitation (2.1mm) and
decrease in winter precipitation (0.5 mm). Livestock was consid-
ered the main source of income combined with subsistence agri-
culture with direct contribution to the livelihood of the people.
The vertical movement was found to be related to culture and
identity of the people in the area. Transhumance herders have
perceived increase in summer temperature, increase in winter
temperature, melting of snow and increase in number of dry
days. Herders have observed changes in biological indicators
such as emergence of new plant species, appearance of new live-
stock diseases, early induce of greenery and early flowering/
maturing of grasses, shrinking grazing lands in the rangelands
along with decrease in agricultural productivity and change in
physical indicators such as fast melting of snow in the rangelands
and drying of water resources. Herders did not perceive shift in
grassland zone which could be related to topographical factors.
Similarly, increment in forest fire is seen for last few years.
Although people perceived impact of climate change, they did
not know the underlying cause for it. There were various adapta-
tion strategies against climate change with transhumance system
itself as a second ranked strategy after reserving some grazing
areas. Livestock were moved to high altitude from June to
September which is a monsoon season with increased rainfall in
the area, but they follow the same seasonal calendar as previous
years where they are affected in some ways. This study suggests
that perceptions of transhumant herders provide important
foundation to know the status in data-deficient areas which

further helps to design adaptation and intervening strategies for
sustainability of the transhumance system in the Himalayas.
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