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Table (1) Variables included in the fuzzy system
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Figure (1) The fuzzy inference system
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Figure (2) Membership functions for (1) human assets, (2) natural assets, (3) physical
assets, (4) livestock share of total income, and (5) per capita forage consumption
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Figure (3) Unfuzzy system outputs, if human, natural, physical, livestock

share of total income, per capita forage consumption, respectively equal to
0.40, 0.01, 0.67, 0.10, 54
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Extended Abstract

Introduction

The nomads’ main livelihood is based on traditional pastoralism activities in the
Middle East and North Africa, 34% of the total lands in those areas are natural
rangelands. However, about 61% of rangelands in the Middle East and North Africa
are of medium to low quality. While traditional pastoral activities have positive
effects on nomadic livelihoods and livestock, natural rangelands and natural
resource-based livelihoods are under pressure due to external disturbances such as
climate change. Sensitivity of traditional pastoral systems to climate diversity and
change has increased through human activities. Excessive dependence of nomadic
households on natural rangelands and their unsustainable exploitation due to
overgrazing has led to significant destruction of these natural resources and the
spread of desertification in arid and semi-arid regions. To increase the resilience of
nomads exposed to climate and non-climate risks, targeted programs and policies
need to be formulated using the concepts of assets, strategy, and livelihood
outcomes. Despite several studies on livelihood vulnerability to climate change and
sustainable livelihood frameworks in developing countries, most studies have
focused on farming households and information on nomadic livelihoods is not
enough in developing countries. In addition, studies on the livelihood strategies of
nomads under climatic and non-climatic risks are low or insufficient. Without
accurate information, it is very difficult to improve the welfare of nomads and their
resilience to climatic and non-climatic risks. Some research examines livelihood
strategies and their effects on household resilience however, it is not yet clear to
what extent expectations of economic and environmental sustainability are met
through livelihood strategies. In this regard, this study was aimed to determine the
effects of assets and livelihood strategies on the economic status of nomads and
rangeland environmental conditions.

Materials and Methods
To evaluate economic and environmental sustainability based on assets and
livelihood strategies, appropriate rules were initially extracted by using the decision
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tree algorithm. Subsequently, these rules were fuzzy and used in the fuzzy inference
system (FIS). It should be noted that the input and output variables of the Mamdani-
based fuzzy inference system must be continuous, or discontinuous variables that
have sequential values. Thus, the sequential values of these continuous and
discontinuous variables can be converted to fuzzy linguistic values. In this study, the
livelihood strategy variable is a discontinuous variable that has non-sequential
values (nominal variable). Therefore, to consider the variable of livelihood strategies
in the fuzzy inference system, two alternative continuous variables were used,
including the share of livestock in total income and per capita forage consumption.
Other input variables of the FIS include three human, natural, and physical assets.
Fuzzy logic can predict the economic status of nomads and the environmental
conditions of their rangelands as model outputs based on specific inputs, including
household assets and livelihood strategies (replaced by the share of livestock in total
income and per capita forage consumption). The fuzzy inference system executes
most of the model inputs and outputs by four units, including fuzzification, fuzzy
rules, inference engine, and defuzzification. Linguistic values have been used to
fuzzy the input and output variables of the FIS. Both triangular and trapezoidal
membership functions have been used to construct membership functions. Fuzzy
logic can combine all the basic linguistic rules for a fuzzy model.

Results and discussion

At the beginning, the appropriate rules extracted from the decision tree model are
used in the FIS. Out of a total of 25 rules obtained, 14 rules are related to economic
status and 11 rules are related to environmental conditions. In front of each rule, two
criteria of confidence and support are given. As an example, rule number one is
100% confident and is supported by six sample households. The maximum and
minimum confidence criteria for the extracted rules were 100% and 35%,
respectively. Also, their maximum and minimum support criteria were 125 and six
households, respectively. For example, rule number one indicates that if
0.14<human assets<0.21 and natural assets<0.02 and 0.09<physical assets<0.55 and
0.90<livestock share of income then the whole economic situation of the household
is non-poor. Fuzzy rules represent the relationships between five inputs (inputs) and
two outputs (outputs). Since human assets have three linguistic values, natural assets
have three linguistic values, physical assets have three linguistic values, livestock
share of the total income has four linguistic values and per capita fodder
consumption has four linguistic values, so the number of 432 rules can exist. As
considering all the rules is very time consuming and reduces the accuracy of the
assessment, the decision tree algorithm was used to find the appropriate rules.
Finally, model defuzzification outputs including economic status and environmental
conditions have been performed using the center of gravity method. For example, if
human assets, natural assets, physical assets, livestock share of total income and per
capita forage consumption are equal to 0.40, 0.01, 0.67, 0.10 and 54, respectively,



then the output of fuzzy inference system for household economic status and
environmental conditions of rangelands is equal to 0.104 and 0.007, respectively
(non-poor household and stable rangeland). The accuracy of the FIS for predicting
the economic situation of the household and the environmental conditions of the
rangelands based on assets and livelihood strategies is 69.95 and 65.88 percent,
respectively. This system can predict the economic status of nomads and the
environmental status of their rangelands by having basic information such as human
assets (including education of the head of the household, number of family members
of working age and participation in educational and extension classes), natural assets
(as ownership of arable land and gardens), physical assets (number of household
livestock), livestock share of total income and per capita forage consumption.

Suggestion

The results of the fuzzy inference system show how, with the correct and optimal
combination of capital assets and selection of appropriate livelihood strategies to
economic and environmental goals, in the absence of household poverty and
rangeland sustainability. Therefore, paying attention to the results of this system,
which is dynamically worth presenting, is of great importance.
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