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Abstract

We studied the perception of forest-dependent communities on climate
change with its associated risk and their adaptation strategies in Mizoram,
Northeast India. A total of 360 respondents (household heads) were random-
ly selected from 24 villages across the three different agro-climatic zones pre-
valent. The community perceived awareness of climate change phenomena in
the region with a positive correlation between age, education and occupation
of the respondents. The overall perception of climate change in temperature
was medium (0.49), while low for change in precipitation (0.26) and seasonal
durability (0.23). The community showed overall low score of perception on
risk of climate change (0.10) where risk on livelihood and socio-economic
factors was higher than risk to environment or forest. Perception on impact
of climate change was high for forest abiotic ecological factors (0.66) and flo-
ra and fauna (0.62), while medium on livelihood of forest-dependent com-
munities (0.44). The majority (more than 75%) of the respondents agreed
that human beings are involved and responsible for climate change. Adoption
of adaptive strategies to cope climate change ranged from 0.07 to 0.91,
amongst which zero tillage, use of traditional knowledge, forest fire preven-
tion, soil and water conservation techniques, agroforestry practices and social
forestry are popular. However, rain water harvesting and investments for
crop insurance were adopted on low scores clearly implied by the educational
and socio-economic status of the farmers in the majority. The study brings
out the knowledge and perceptions to climate change by forest-dependent
communities and their adaptive strategies to cope had been assessed. The
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finding results seek the attention of researchers and policy makers to inte-
grate technological and financial interventions in supporting farmer’s effort
to cope with climate change with a long term objective for improving their
livelihood and climate sensitive resources at the same time.
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1. Introduction

Climate change is generally recognized as a major issue having negative impacts
on the earth’s geological, biological and ecological systems. The trend of global
warming has been observed at an increase in global average temperature by
0.8°C since 1900 [1]. Forest ecosystems are integral to the global biogeochemical
cycles and act both as sources and sinks of greenhouse gases (GHGs), which ex-
ert significant influence on the earth’s climate. Impacts of climate change on fo-
rests change tree species composition, growth and productivity [2], affecting
changes in forest area and competition between species [3], and damage causing
natural disturbances. It was also recognized that protective functions of forests
get affected by climate change as well. Climate change is expected to exacerbate
the vulnerability of forest tribes and communities especially with adverse impact
on their livelihood [4] [5]. There are limited livelihood opportunities of the for-
est dwellers and marginal farmers [6] [7] [8] and therefore these people mostly
draw on various non-timber forest products such as bamboo, cane/rattan, broom
grass, anchiri (rhizome of Homalomena aromatica) and ethnomedicine related
products for income generation. Forests are particularly sensitive to climate
change, because the long life-span of trees depends on environmental stability.
Unlike in agriculture, adaptation measures for forestry need to be planned well in
advance expecting changes in the forests’ growing conditions. Because the forests
regenerated today will have to cope with the future climate conditions of at least
several decades, often even for more than 100 years [9]. The impact of climate
change on forest and biodiversity has recently become an issue of increasing im-
portance [10]. Though there have been several reports on climate change on agri-
culture [11], studies pertaining to forest and biodiversity are somewhat limited.
Climate change not only directly affects the species diversity, but may also in-
teracts with other human stressors especially in fragile/hilly ecosystems like Mi-
zoram causing disruptions to food webs and other ecological services. It is be-
lieved that climate change affecting the forests will continue resulting in a
change in many of the services that the forest ecosystem is able to provide. Once
a decline in forest ecosystem services sets in, the ability of forest-dependent
people to meet their basic needs for food, clean water and other necessities de-
clines, deepening poverty, deteriorating public health and increasing social con-

flict [12] [13]. The forest dwellers, adjacent farmers and even considerable pro-
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portion of underprivileged population are particularly at risk due to climate
change as they are dependent on its natural resources like forests for their livelihood,
socio-economic and ecological well-being [14].

A great number of studies have been done on farm level adaptation to climate
change across different countries [15]-[23]. In India, farmers’ perception of cli-
mate change and their adaptation strategies are evident in works done on dry
forests of Kalakad-Mundanthurai Tiger Reserve [24], two villages of Uttarak-
hand [25], in four villages of Maharasthra and Andhra Pradesh [26], in dry land
Tamilnadu [27], in Chotanagpur plateau of eastern India [28], in Himalayan
landscape [29] [30], West Bengal [31]. These studies reveal that farmers’ adapta-
tion strategies to climate change are depended on local resources and contexts.
Considering the majority of livelihood proportion in rural areas, and conti-
nuously depends largely on climate-sensitive sectors, such as rain-fed agricul-
ture, community based forest enterprises, dependence on non-wood forest
products (NWFPs) among others, it is expected that the impact of climate
change on forest-dependent communities of Mizoram will have serious livelih-
ood problems.

Assessing the vulnerable and potential impacts of climate change on the fo-
rests and livelihood in Mizoram is therefore critical to its development and ef-
fective climate management measures. However, our understanding of deteri-
orating climate crisis and its impacts on the forest dwellers’ livelihood, their
perception and adaptation strategies are inadequate, whose understanding will
provide a better location specific insights and generate additional information
for relevant policy and decision making. Despite advances in physical and bio-
logical research, assessment of climate change form a socio-economic perspec-
tive is essential to prepare a roadmap for capacity building of local communities
for effective adaptation and mitigation strategies. Therefore, an attempt was
made in this study to identify perception and other socio-economic factors in-
fluencing adaptation strategies that are pursued by the forest-dependent com-
munities in response to climate variability and adaptability. Besides, the study
aims to identify the coping and adaptation measures adopted by communities

within different agro-climatic zones in Mizoram.

2. Materials and Methods
2.1. Study Sites

The state of Mizoram covers an area of 21,087 km” accounting for only 0.64% of
the total geographical area of India. Mizoram is classified as one location in the
“Eastern Himalayan Region” experiencing high rainfall, heavy soil erosion and
floods but having high forest cover. The State is further divided into three
sub-agro-climatic zones, viz., Humid Mild Tropical Hill Zone, Humid Subtropi-
cal Hill Zone and Humid Temperate Subalpine Zone. The study in order to as-
sess the impact of climate change on forest and livelihood in Mizoram was un-

dertaken in 24 selected villages in eight districts comprise under the three dif-
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ferent agro-climatic zones of Mizoram (Figure 1, Table 1). The State of Mizo-
ram experienced cyclonic storms, cloudbursts, hailstorms and landslides an-
nually owing to its geo-climatic conditions. Mizoram receives abundant rainfall
during monsoon period but long dry spells in post monsoon and steep hillsides
results in minimum underground water retention leading to dry perennial water
sources. Traditional slash and burn cultivation accompanied with uncontrolled
fire also aggravated the situation causing ecological imbalances. During the past
decades from 1951 to 2017, Mizoram observed an annual rise in temperature by
0.01°C (Table 2) mainly attributed by mean maximum temperature increasing
@ 0.03°C per annum. No trend was detected in the mean minimum tempera-

ture. The increasing trend thus indicates a further rise in the heat wave in years

® Selected Study Sites (Villages)
D Humid Temperate Sub-alpine zone
[] Humid Sub-tropical Hill zone

- Humid Mild Tropical Hill zone

Mizoram, Northeast India

Figure 1. Study sites and demarcation of different agro-climatic zones of Mizoram.

Table 1. Geographic and characteristic features of Agro climatic zones in Mizoram.

Agro-Climatic Zone & Altitude

Average Rainfall Mean Temperature

S1. No. Area (Km? Study Villages Selected
© Range (amsl) (mm/yr) (Max-Min) rea (Km’) udy Yifages sefecte
Humid Mild Tropical Hill Zone . 14,733 Vairengte, Bairabi, West Phaileng,
1. 2000 - 3000 30-12°C .
(less 800 m) (69.87%) Phuldungsei, Lungsen, Chawgte
Darlawn, Serkhan, Reiek, Aibawk,
Humid Mild Sub-Tropical Hill ) 5581 arlawn, Serkhan, Reick, Aibawk, -
2. Zone (800 - 1400 m) 2500 - 3000 30-12°C (26.47%) Bakatawng, Serchhip, Thenzawl, S. Lungdai,
- B ()
Hnahthial, Lawngtlai, Kawlchaw ‘E, Saiha
Humid Temperate Sub-Alpine . 773 Ngopa, Keifang, Zote, Khawzawl, Sangau,
3. 2000 - 3000 20-11°C .
Zone (1400 m more) (3.67%) Theiva
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to come. The rainfall trend in Mizoram shows an annual increasing trend (+0.33
mm/yr) greatly contributed by change in monsoon rainfall (+7.71 mm/yr) fol-
lowed by summer rainfall (+2.80 mm/yr). Post monsoon and winter rainfall
show a decreasing trend. Rainfall in Mizoram during May-August has increased
while rainfall during the other months in a year has showed a decreasing rainfall
departure trend (Figure 2). Based on interpretation of satellite data, the forest
cover of the state is 18,186 km”* (86.27% of total state geographical area) with 131
km® covered with dense forest, 5861 km” covered with moderately dense forest
and 12,194 km® with open forest in terms of forest canopy density classes. The
state of Mizoram witnessed a decrease in forest cover area from 19,240 km” in
2009 to 18,186 km® in 2017 owing to deforestation and land use changes with

maximum total forest cover change rate during 2015-17 (Figure 3).

2.2. Data Collection

Hypothesizing that mean temperature and precipitation would vary across

agro-climatic zones across the state, which may have some impact on the outcome of

Table 2. Seasonal changes in climate of Mizoram between 1951-2017.

Post
Monsoon

Seasonal Trends (1951 to 2017) Annual Winter Summer Monsoon
Mean Maximum Temperature (°C/yr) +0.03* +0.04* +0.01* +0.05* +0.05*
Mean Minimum Temperature (°C/yr) Notrend Notrend -0.01* Notrend No trend
Mean Temperature ("C/yr) +0.01* +0.02* Notrend +0.02* +0.02*
Mean Diurnal Temperature Range (*C/yr) +0.04*  +0.04*  +0.02*  +0.04* +0.06*

Rainfall (mm/yr) +0.33 -0.31 +2.80 +7.71 —-6.19

Note: Increasing (+) and decreasing () trends significant at 95% level of significance are marked with “*”
sign (compiled from source [32] and additional data set from published sources).

Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Months

Figure 2. Monthly rainfall departure trend in Mizoram for 1951-2017 (compiled from source [32] and ad-
ditional data from published sources).
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Figure 3. Forest cover change rate in different forest types in Mizoram (compiled from source [33]).

the study; it was decided to select study villages from different districts in the
state and cover all the three agro-climatic zones (Table 1). A total of 24 villages
(6 in tropical, 12 in sub tropical and 6 in temperate sub alpine zone) were se-
lected for the study. Secondary data was obtained by reviewing literature from
both published and unpublished sources. Reconnaissance survey and primary data
collection was done in all 24 selected villages across the three agro-ecological zones
during 2017-18. The primary data were collected through structured interviews
using questionnaires [34] and interviews were conducted face-to-face in a very
friendly environment. Additional information was gathered from key infor-
mants through focus group discussions. Purposive sampling method was used
for selection of the area under study, and random sampling method was used for
selection of the respondents. To ensure adequate representation, the selection of
respondents was done randomly taking 15 heads/households in each of the
twenty four selected villages. A total of three hundred and sixty respondents
were interviewed. The representative of the sample was initially tested using de-
scriptive statistics to see the mean, mean and variance differences, stochastic
dominance if any.

Pre-tested well structured close ended personal interview schedule was de-
signed. The questionnaire included the socio-economic profile of the respon-
dents like age, gender, education, occupation, awareness about phenomena re-
lated to climate change, perception of the impact of climate change on forest
ecosystem, perception of the impact of climate change on livelihood and adopted
measures related to climate change. The knowledge questions were tested against
the responses of “yes” (1) and “no” (0) indicating that the respondent having or
not having awareness/knowledge on the specific question. The opinion state-
ments were tested against a three point Likert scale [35] with responses of
“agree” (+1), “undecided” (0) and “disagree” (—1). The adaptation practices were
assessed against a three point Likert scale with 0, 1 and 2 scores for responses of

» o«

“don’t know”, “not adopted” and “adopted”, respectively.
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2.3. Statistical Analysis

The collected data from questionnaires were processed, classified and tabulated.
Both descriptive (frequency, per cent, mean, and standard error) and analytical
(correlation) statistics were performed using Microsoft EXCEL 2007 and SPSS
(Version 17). Pearson correlation was calculated between various demographic
attributes and the respondents’ awareness level on knowledge of climate change

across all the 24 villages adjacent to the forests.

3. Results and Discussion

3.1. Demographic Attributes and Awareness Level
on Climate Change

Demographic attributes of the study population (360 respondents) in 24 villages
across three agro-climatic zones in Mizoram are presented in Table 3. In all
agro-climatic zones, more than 50% of the respondents occur in the age groups

of 30 - 40 and 40 - 50 years. Maximum respondents had secondary level (41.1%)

Table 3. Demographic attributes of the study population (n = 360).

Attributes ACZ-1 ACZ-1I ACZ-III Average
Gender
Male 42 (46.67%) 97 (53.89%) 48 (53.33%) 187 (51.9%)
Female 48 (53.33%) 83 (46.11%) 42 (46.67%) 173 (48.1%)
Age Groups
20 - 30 11 (12.2%) 18 (10.0%) 7 (7.8%) 36 (10.0%)
30 -40 26 (28.9%) 49 (27.2%) 17 (18.9%) 92 (25.6%)
40 - 50 21 (23.3%) 42 (23.3%) 32 (35.6%) 95 (26.4%)
50 - 60 16 (17.8%) 27 (15.0%) 25 (27.8%) 68 (18.9%)
60 - 70 13 (14.4%) 39 (21.7%) 9 (10.0%) 61 (16.9%)
70 - 80 3(3.3%) 5(2.8%) 0 (0.0%) 0(2.2%)
Education
Primary 33 (36.7%) 42 (23.3%) 20 (22.2%) 95 (26.4%)
Secondary 29 (32.2%) 82 (45.6%) 37 (41.1%) 148 (41.1%)
College 22 (24.4%) 44 (24.4%) 23 (25.6%) 89 (24.7%)
University 6 (21.4%) 12 (6.7%) 10 (11.1%) 28 (7.8%)
Occupation
Farmer 39 (43.3%) 69 (38.3%) 34 (37.8%) 142 (39.4%)
Labour 25 (27.8%) 51 (28.3%) 16 (17.8%) 92 (25.6%)
Business 17 (18.9%) 36 (20.0%) 25 (27.8%) 78 (21.7%)
Govt. Employee 9 (10.0%) 24 (13.3%) 15 (16.7%) 48 (13.3%)

ACZ-I: Humid Mild Tropical Hill Zone; ACZ-II: Humid Mild Sub-tropical Hill Zone; ACZ-III: Humid
Temperate Sub-alpine Hill Zone.
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of education while number of respondents with the highest educational qualifi-
cation was the least (7.8%). Majority of the respondents were farmers (39.4%)
followed by labour (25.6%) and business (921.7%), and the least section were
government employee (13.3%). In all agro-climatic zones studied, all the 360
respondents acknowledged the phenomenal changes in climate over the year
(Table 4) and revealed that majority (52. 8%) of the respondents had medium
awareness score followed by high awareness score (28.6%) and rest had low
awareness score (18.6%). Maximum respondents (%) for low, medium and high
awareness level of climate change was observed in Humid Mild tropical Hill
zone (21.11%), Temperate Sub-alpine Zone (56.7%) and Humid Mild
Sub-tropical Hill Zone (31.1%) respectively. Majority of the respondents agreed
changes in temperature (61.4%); forest structure, composition and function
(53.6%) with increased incidence of pests and diseases in forest (51.7%). How-
ever, a major portion of the respondents did not understand and were new to the
statements regarding climate change awareness such as environmental pollution
(30.3%) and variations in seasonal durability (32.8%). In all the agro-climatic
zones, knowledge on climate change was fairly medium with an average score of
4.31 out of 8 (Table 5). It was observed that the level of awareness vary signifi-
cantly among the different age groups, however it did not differ significantly
between the agro-climatic zones. Oldest respondents had an awareness level of
6.62 and the least in youngest group (2.53). Average awareness level values in
low, medium and high categories were 2.00, 3.96 and 6.44 respectively out of 8.

Relationship between various demographic attributes and level of awareness

Table 4. Awareness level score (out of 8 statements) on knowledge of climate change in
different agro climatic zones of the study population.

Attributes ACZ-1 ACZ-II ACZ-1II Average
Age Groups
20 - 30 2.64+0.30 2.33+0.24 2.85+0.38 2.53 +0.15°
30 - 40 2.88 £0.20 3.00£0.14 2.94+0.24 2.96 £ 0.09°
40 - 50 3.86 £0.22 4.05+0.15 4.06+0.18 4.01+0.12°
50 - 60 5.25+0.25 5.59 +£0.19 5.72 +£0.20 5.56 +0.12°
60 - 70 6.08 +0.28 6.26 = 0.16 5.78 £0.33 6.15 +0.12¢
70 - 80 6.67 £ 0.58 6.60 £ 0.44 No Respondents 6.62 +0.18¢

Awareness Level

Low (<3) 2.00 £ 0.00 2.00 + 0.00 2.00 £ 0.00 2.00 = 0.00*
Medium (3 to 5) 3.84+0.11 3.98 + 0.08 4.06 +£0.12 3.96 + 0.58"
High (>5) 6.45 + 0.11 6.45 + 0.07 6.40 £ 0.10 6.44 + 0.05°
Total (1 to 8) 4.09 £0.17 4.37 £0.13 4.39 £0.17 4.31 +0.09¢

+ Standard error of Mean; different letters a, b, ¢, d indicate significant differences at p < 0.05; ACZ-I: Hu-
mid Mild Tropical Hill Zone; ACZ-II: Humid Mild Sub-tropical Hill Zone; ACZ-III: Humid Temperate
Sub-alpine Hill Zone.
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among the population study is depicted in Figure 4. Significant positive correla-
tions were observed between age, educational and occupational groups with the
level of awareness. Though, not significant, the level of awareness was negatively
correlated with gender groups indicating female have less awareness than males
in the study population.

Climate change is nevertheless a global environmental threat. Northeast India
in general and Mizoram in particular is much less developed but having diverse
agro-climatic zones and hilly terrain compared to the mainland India and thus,

the region as a whole is prone to different kinds of climatic shocks. All climatic

Table 5. Distribution of respondent on the basis of different awareness statements of cli-
mate change in the study population (n = 360).

ACZ-1 ACZ-11 ACZ-1II Average

Level of awareness (out of 8 awareness statements)

Low (<3) 19 (21.1%) 34 (18.9%) 14 (15.6%) 67 (18.6%)
Medium (3 to 5) 49 (54.4%) 90 (50.0%) 51 (56.7%) 190 (52.8%)
High (>5) 22 (24.4%) 56 (31.1%) 25 (27.8%) 103 (28.6%)

Climate change awareness statements

Change in temperature 56 (62.2%) 114 (63.3%) 51 (56.7%) 221 (61.4%)
Late onset of monsoon 49 (54.4%) 65 (36.1%) 46 (51.1%) 160 (44.4%)
Change in rainfall 45 (50.0%) 84 (46.7%) 26 (28.9%) 155 (43.1%)

Variation in seasonal durability 14 (15.6%) 56 (31.1%) 48 (53.3%) 118 (32.8%)
Change in forest structure 65 (72.2%) 89 (49.4%) 39 (43.3%) 193 (53.6%)
Increase in diseases and pest 19 (21.1%) 125 (69.4%) 42 (46.7%) 186 (51.7%)
Global warming 49 (54.4%) 89 (49.4%) 35 (38.9%) 173 (48.1%)

Environmental pollution 12 (13.3%) 56 (31.1%) 41 (45.6%) 109 (30.3%)

ACZ-I: Humid Mild Tropical Hill Zone; ACZ-II: Humid Mild Sub-tropical Hill Zone; ACZ-III: Humid
Temperate Sub-alpine Hill Zone.

Occupational Group
Educational Group 0.76 **
Gender Group -0.06

0.79 **

Age Group

Agro-climatic Zone

T

020 -010 000 010 020 030 040 050 0.60 070 080 090 100
Pearson Correlation Coefficient
Figure 4. Pearson correlation coefficient of various demographic attributes with the

awareness level on statements of climate change in the study population. Values with **
indicate significance at p < 0.05.
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variability observed over time, like many other places could nevertheless be at-
tributed to human activity directly or indirectly [36]. All the respondents were
aware of climate change though with different levels (low, medium and high)
and significant positive correlation with the age and education. Similar studies
also reported that education had significantly impacted the perception on cli-
mate change [37] implying that climate change happenings might have different
perceptions with variations in educations, all things being equal. Higher and
technical education brings about exposure to new areas and access to informa-
tion on improved technologies; hence more awareness campaigns needs to be
organized as more than 60% of the respondents were only up to secondary level.
Awareness and educational exposure trainings also need to be focused on lower
age groups as the level of awareness is low to medium in respondents aged below
60 years, and moreover, they form the most vulnerable section of stakeholders
not ready to negotiate/address climate change mitigation and adaptation in years
to follow.

In the present study most concerns were raised by forest dwellers on climatic
variability are increasing temperature, irregularity in rainfall, dry spell during
summer and decreasing winter. Similar observations have been observed by
farmers’ elsewhere [38] [39] [40]. Majority of the respondents have no doubt in
believing that human activity is playing significant role in climate change [41]
and the level of perception is related to education [42]. We, however, encoun-
tered a variation in perception across the agro-climatic zones, the lowest level of
perception for humid mild tropical zone. Like many other reports, majority of
the farmers’ opined increased temperature bring changes to forest composition
and increased incidents of pests and diseases. Climate also impacted health, crop
and livestock and forest dwellers’ income. However, they are unwilling to move
out of the forest believing that nature as savior [31]. The perception of the res-
pondents on decrease of forest area match with the Forest Survey of India
records [33]. The causes of decrease in forest and woodland cover were per-
ceived to be population pressure and increasing demand for fuel wood and con-
struction materials. This implies that there will be decrease in forest products
such as wood and NTFPs and forage. The decrease in forest cover would nega-
tively impact the environment and reduce the ecosystem services such as soil
and water conservation ability, carbon stock, pollination services etc. [43]. In-
creasing run-off, as a result of intense but short duration rainfall, is causing poor
accumulation of water in soil, thereby resulting in the drying up of water pools
[30]. Early ripening of crops is observed by these people, which is consistent
with early onset of flowering and growing season; and further proliferation of
weeds and pests are simultaneously observed in wild plants both by the local

people and scientists [29].

3.2. Forest Dwellers’ Perception of Climate Change

Overall perception of the forest dwellers vis-a-vis events due to change in tem-
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Change in Season *

perature is medium as the score is 0.49 (Figure 5). This is because 85% of the
respondents perceived increase in average day and night temperature including
mildness in winter (76.1%) and warming of winds (61.9%). However, the overall
perception of the community of the change in precipitation related phenomena
and of the change in regularity and duration of seasonal events is low with aver-
age perception scores of 0.26 and 0.23 respectively (Figure 5). But when consi-
dering some individual statements related to change in precipitation, interes-
tingly almost all the respondents believed that rainfall get unpredictable day by
day (85.0%) with changed intensity and pattern (76.1%) but generally arriving
late (92.2%) and withdrawing early (71.9%) over the past few decades. Consi-
dering the individual statements relating to abnormalities of seasons, it is found
that almost all of the respondents apprehended (more than 80%) climate related
hazards like unpredictable seasons and believed that droughts, floods and dry
spells have increased with proportionate decrease in the duration of winter. The
current perception of the villagers of climate change impacts compared to the
past 5 years is presented in Figure 6. Majority of the respondents perceived in-
crease in the intensity of sun’s heat (84.2%), followed by increased frequency of
river drying up (65.7%) and increase in incidence of human diseases (64.3%).
Also, a majority of the respondents perceived a decrease in intensity of rainfall
(40.6%). Based on the average perception score of 0.10 after assigning scores to
different risk perception statements, it is found that the level of perception of the
community is low (Table 6) as majority of the people in developing countries
have limited knowledge of physical processes leading to climate change [44]. The
community’s perception on livelihood and socio-economic risks were higher
than on risk to environment or forest. Perception scores with high risk as a re-
sult of climate change were observed in increasing poverty with reduced income

Change in Temperature
0.10

020 +
~~~~~~~~~ Humid Mild Tropical Hill Zone
--- Humid Mild Sub-tropical Hill Zone

- - -Humid Temperate Sub-alpine Zone

——Average

(

" Change in Precipitation

Figure 5. Respondent’s perception in change in climatic parameters.
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Figure 6. Perceptions on impacts of climate change compared to last 5 years.

Table 6. Perception on risk of climate change by respondents in different agro climatic

zones of the study population.

ACZ-1 ACZ-11 ACZ-III Average

Perception on risk of climate change

Heavy inundation of forest land -0.40 —-0.35 —0.41 —-0.38
Affect the livelihood of people 0.89 0.89 0.89 0.89

Decline in standard of living -0.24 —-0.18 —0.34 —0.24
Occurrence of food shortage and starvation -0.48 —0.41 —-0.30 —-0.40
Increase in suffering from serious diseases 0.54 0.60 0.66 0.60
Catastrophic impact on forest biodiversity 0.44 0.52 0.59 0.52

Migration of people and animal -0.74 —-0.73 —-0.76 —-0.74
Social inequality between rich and poor 0.72 0.89 0.38 0.72
Increase in poverty with reduced income 0.93 0.89 0.96 0.92
Increase in superstitious belief in God -0.82 -0.86 -0.86 -0.85
Average Mean Score 0.08 0.13 0.08 0.10

ACZ-I: Humid Mild Tropical Hill Zone; ACZ-II: Humid Mild Sub-tropical Hill Zone; ACZ-III: Humid

Temperate Sub-alpine Hill Zone.

(0.92), affecting livelihood (0.89) and creating social inequality between rich and

poor (0.72). Respondents also associated risk of climate change on personal level

with increase susceptibility of serious disease (0.60) as reported by studies from

other developing countries [45]. However, respondents believed climate change

will not lead to increase in superstitious belief in God (—0.85); no one will mi-

grate from their forest lands (—0.74); and starvation will not occur (-0.40). This

DOI: 10.4236/jep.2018.913085 1383

Journal of Environmental Protection


https://doi.org/10.4236/jep.2018.913085

U. K. Sahoo et al.

clearly defines the indigenous people perceptions of love for their land, forest
and their ecosystem as a whole and belief in the nature as their savior, whereby
they express unwillingness to leave their land and migrate to earn or live in a
foreign land. Respondents also perceived the threat potential that climate change
will might bring catastrophic impacts on biodiversity (0.52) while there may not

be heavy inundation of forest land (—0.38).

3.3. Impact of Climate Change on Forest Resources and Biodiversity

The level of perception on impact of climate change on forest ecology in terms
of abiotic ecological factors, flora and fauna records average score between 0.66
and 0.62 respectively. And the impact of climate change on livelihood of for-
est-dependent communities is medium whose average perception score is 0.44
(Table 7). Considering the specific impact statements on forest abiotic ecological
factors, high impacts were observed in decrease in forest area cover (0.68), de-
crease in flow of streams/river (0.78), quick drying of water bodies (0.81) and
quick drying of seasonal streams (0.87). Climate change had medium impacted
the intensity of flash flood (0.49), decreased forest litter (0.50), decreased soil
fertility (0.51) and increased soil erosion (0.61). Climate change highly impacted
forest flora and fauna regarding to early ripening of fruits/seeds (0.69), changes
in tree phenology (0.76), increased incidence of weed invasion (0.78) and
change/decrease in fish species in forest river (0.84), whereas medium impact
were observed in decrease in pollinator population (0.31), increase in mortality
(0.40), decrease in forest biodiversity (0.55) and increase in insects, pests and
diseases (0.62). Majority of the respondents perceived that climate change highly
impacted their livelihood in terms of decrease in fish catch (0.90); increase in li-
velihood dependency on forest (0.78) and decrease in quantity fodder collection
(0.73). Climate change had medium impact on livelihood by reduced intensity of
grazing (0.48) and decrease in collection of ethno-medicinal plants (0.44). How-
ever, the villagers responded a merge perceived decrease in collection of fuel
wood (0.03), NWFPs (0.06) and edible forest products (0.11) as it was consi-
dered forest is the only source that fulfils people’s domestic energy needs and
other requirements since these resources were traditionally freely accessible to
them. The future availability of various resources would nevertheless be deter-

mined by the degree of climate change [10].

3.4. Adaptation Response to Climate Change

Based on the survey, 31.9% of the respondents opined climate change is caused
partly by nature and partly by human, followed by entirely human (30.3%) and
mainly human (17.5%) as presented in Figure 7. A quarter of the respondents
(24.7%) showed no concern of climate change, while the remaining showed
concerned in the order: very much concerned (46.7%) > fairly concerned
(25.5%) > concerned (3.1%). Considering the adaptive capacity based on aware-

ness-adoption mean scores of each adaptation options (0.07 - 0.91), the adaptive
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capacity while responding to climate change is at medium level with average
mean score of 0.69 (Table 8). High level of adoption were observed with the
adoption of zero tillage practices (0.91), indigenous traditional knowledge for

insect control (0.90), forest fire prevention activities (0.88), per-monsoon dry

Table 7. Perception on impact of climate change by respondents in different agro climat-
ic zones of the study population.

ACZ-1 ACZ-1I ACZ-1II Average

Impact of climate change on forest abiotic ecological factors

Decrease in forest area cover 0.60 0.62 0.88 0.68
Increase in soil erosion 0.46 0.67 0.63 0.61
Decrease in forest litter over the years 0.33 0.52 0.63 0.50
Decrease in forest soil fertility 0.59 0.42 0.59 0.51
Decrease in flow of stream/rivers 0.73 0.74 0.88 0.78
Increase in intensity of flash flood 0.56 0.53 0.36 0.49
Quick drying of seasonal stream 0.81 0.98 0.71 0.87
Quick drying of water bodies after rain 0.76 0.96 0.54 0.81
Average Mean Score 0.60 0.68 0.65 0.66

Impact of climate change on forest flora and fauna

Change/decrease in fish species in the river 0.66 0.93 0.83 0.84
Increase in insects, pest and diseases 0.58 0.74 0.41 0.62
Increase in plant and animal mortality 0.39 0.43 0.36 0.40
Decrease in overall forest biodiversity 0.41 0.60 0.60 0.55
Early ripening of forest fruit/seed 0.76 0.78 0.43 0.69
Changes in tree phenology 0.83 0.73 0.74 0.76
Increase in incidence of weed invasion 0.80 0.74 0.82 0.78
Decrease in populations of pollinators 0.32 0.28 0.37 0.31
Average Mean Score 0.59 0.65 0.57 0.62

Impact of climate change on livelihood of forest-dependent communities

Decrease in fish catch from seasonal streams 0.96 0.87 0.91 0.90
Increase in livelihood dependency on forest 0.72 0.80 0.81 0.78
Decrease in quantity of NWFPs collection —-0.13 0.16 0.04 0.06
Decrease in quantity of fuel wool collection —-0.03 0.14 —-0.14 0.03
Decrease in quantity of fodder collection 0.64 0.77 0.74 0.73
Decrease in collection for ethno-medical plants 0.53 0.31 0.61 0.44
Decrease in collection of edible forest products —-0.02 0.11 0.24 0.11
Reduced intensity of animal grazing in forest 0.51 0.36 0.71 0.48
Average Mean Score 0.40 0.44 0.49 0.44

NWEFPs: Non-wood forest products; ACZ-I: Humid Mild Tropical Hill Zone; ACZ-II: Humid Mild
Sub-tropical Hill Zone; ACZ-III: Humid Temperate Sub-alpine Hill Zone.
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Figure 7. Distribution of respondents’ opinion (%) responsible for climate change.

Table 8. Distribution of respondents according to knowledge-adoption statements.

ACZ-1 ACZ-1  ACZ-III  Average

Possible strategies to cope with crop failure

Dry seeding prior to monsoon 0.92 0.84 0.87 0.87
Adoption of agroforestry practices 0.64 0.82 0.78 0.77
Adoption of crop rotation practices 0.73 0.68 0.68 0.69
Changing farm operations timings 0.38 0.34 0.33 0.35
Adoption of intercropping practices 0.58 0.62 0.66 0.62
Mulching practices 0.86 0.94 0.91 0.91

Rain water harvesting 0.44 0.45 0.46 0.45

Zero tillage practices 0.91 0.91 0.92 0.91

Use of short duration crop varieties 0.73 0.72 0.81 0.75

Use of drought tolerant crop varieties 0.59 0.60 0.54 0.58
Adoption of soil conservation techniques 0.91 0.75 0.83 0.81
Use of water conservation techniques 0.82 0.81 0.78 0.80
Insect control through traditional knowledge 0.89 0.89 0.94 0.90
Control disease, insects and pest with chemicals 0.63 0.62 0.66 0.63
Adoption of social forestry activities 0.82 0.69 0.63 0.71
Forest fire protection activities 0.87 0.88 0.91 0.88
Investments for crop insurance 0.05 0.08 0.07 0.07
Average Mean Score 0.69 0.68 0.69 0.69

ACZ-I: Humid Mild Tropical Hill Zone; ACZ-II: Humid Mild Sub-tropical Hill Zone; ACZ-III: Humid
Temperate Sub-alpine Hill Zone.

seeding (0.87), water conservation techniques (0.83), soil conservation tech-
niques (0.81), adoption of agroforestry practices (0.77), use of short duration
crop varieties (0.75) and social forestry activities (0.71). Medium level of adop-

tion were observed with crop rotation practices (0.69), chemical control of insect
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pest and diseases (0.63), inter cropping practices (0.62) and use of drought tole-
rant crop varieties (0.58). Low level of adoption were observed in rain water
harvesting (0.45), change in time of farm operations (0.35) and crop insurance
(0.07). Amid all adaptation strategies to cope climate change, the concept of crop
insurance was not largely known to the majority of the respondents (86.7%) fol-
lowed by that of change in time of farm operations (61.9%) while the other op-
tions were known to above 60% of the respondents.

It is equally important to assess the risks and their management by the com-
munity after evaluating the perceptions of climate change, as the study can fur-
ther provide important guidelines for designing and implementing adaptive
responses and policies [19] [20]. Based on the wide varying adaptive capacity
responses (0.07 to 0.91), the forest-dependent communities have adopted one or
a combination of adaptation options. Individual attitudes to risk, policy and in-
stitutional barriers are factors to influence decision making vis-a-vis climate
change adaptation, despite the degree and scope of scientific awareness are made
available [46]. Average adaptive capacity of the farmers in all agro-climatic zones
to cope climate change is medium which might be due to their continued de-
pendence on natural resources and constrains in socio-economic sectors [47]
[48]. However, indigenous farming knowledge and technology may help in con-
serving natural resources and combating climate change [43] [49] [50]. Agrofo-
restry and perennial plantations could be major strategies to combat climate
change and also by enhancing resistant approaches to climate impacts on the
forest dwelling communities. Agroforestry has double potential to address cli-
mate change issues: for example greenhouse gas mitigation strategies to be
adopted through carbon sequestration and sustainable adjustment to changing
conditions [16]. As most of the respondents were farmers and had very low in-
come with poor economic conditions, they lack expertise despite their willing-
ness to adapt to the effects of climate change. This could be the reason which
farmers avoid to adopt some strategies in spite having awareness considering the
involvement of financial investments and technical knowhow. This fact clearly
indicates institutional interventions are necessary for capacity building facilities
such as trainings, in field demonstrations, financial support and appropriate
policy by the government. This will bring about a sustainable human environ-
ment interaction aimed with suitable adaptation strategies and improve live-
lihood. North-east India in general and Mizoram in particular has been lacking
in effective climate change and adaptation related policies particularly for fore-
stry sectors. Besides, the state has a very low technological and financial capaci-
ty in adapting to climate change. Nevertheless farmers’ have been coping using
their traditional methods [26]. However, these are not sufficient. Forest dwel-
lers’ knowledge about perception and adaptation may be used to compliment
specific policies to address their concerns and for a long term planning for cli-
mate sensitive resources. Diversified livelihood options should be explored

through indigenous agroforestry farming methods integrated with animals for
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income generation, food production and social security. On the basis of local
perceptions reported, adaptive measures should be formulated regarding crop-
ping patterns, phenology and shift in distributional range of species and hu-
man diseases. Forest resources should be effectively managed with strategies
that address land degradation, loss of biodiversity and ecosystem services
which will both adapt to anticipate climatic conditions and valued by local

communities.

4. Conclusion

Forest is the most important land use in Mizoram occupying over 86.27% geo-
graphical area of the state. It provides numerous supporting, provisioning, regu-
lating and cultural services to mankind. In view of the fact that climate change is
a reality and together with the existing socio-economic processes such as ongo-
ing shifting cultivation, deforestation, forest fragmentation and other form of
habitat loss, population growth, urbanization etc. as unignorable facts, climate
change would lead to significant change in the delivery of such services. The in-
creasing temperature, changes in rainfall patterns, more intense and frequently
occurring extreme events will continue to affect the future service provisions and
livelihoods depended on forests. Some site specific impacts of climate change
involving non-commercial products are expected to produce additional stresses
on people having limited adaptive capacity. Forest structure is changing at a
faster rate, many of the mixed and broadleaved forests are being now converted
to single storied bamboo forests causing destruction of habitat to wildlife and
unable to hold much of the services for mankind. The repeated forest fires have
been accelerating the loss of plants and animal diversity from the ecosystems.
The need of the hour is therefore to adapt measures which will be people-centric
and transparent and will be able to respond to short term risks. Besides, adapta-
tion measures are required to address the present state of limitations and uncer-
tainties about climate change impacts on forests and forest-dependent commun-
ities, in order that improved management and policy measures for wise/intelligent

adaptation to climate changes are made sustainable.
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