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Introduction

Drought can be considered one of the most significant hazards for sustainable living in rural areas of Iran, many
regions of which are characterized by arid and semi-arid climates. During the last decades, drought occurrence has
led to a decrease in the provision of ecosystem services and negative socio-economic consequences. Moreover,
pressure on surface and underground water has been rising, especially in the agriculture-focused Fars Province.
Despite numerous drought assessment studies performed in Iran, the use of composite indexes that would integrate
both social and environmental aspects of drought resilience on the basis of objective and available data is relatively
rare. Indeed, earlier studies had used narrow criteria sets or questionnaire-based approaches to estimate social
resilience, without developing a replicable data-driven approach. However, such a development is needed due to
the multi-dimensional nature of the concept, which encompasses several factors like land use dynamics, population
trends, agricultural diversity, irrigation systems, education, and employment age structure. Therefore, development
of a composite index to analyze all those factors is required for effective decision-making in this field. In this
paper, the analysis of social resilience to drought on the basis of the LPCIEA composite index is conducted in two
rural settlements — Mohammadabad and Majdabad — of Marvdasht County, Fars Province, over a 24-year period
(2000-2024).

Materials and Methods

LPCIEA composite index includes six criteria: Land use (L), Population (P), Crop diversity (C), Irrigation
level (1), Education (E), and Employment age (A). Data on these criteria were collected from various sources:
Landsat ETM (2000) and Sentinel-2 (2024) imagery for land use classification and Normalized difference
vegetation index (NDVI) calculation; census statistics and village level data for population and education; and
field survey for irrigation level and crop diversity. Image pre-processing, including atmospheric and geometric
correction, was carried out in Environment for Visualizing Images (ENVI) 5.6, while maps of land uses were
created on the basis of Support Vector Machines (SVM) classification with accuracy from 86% to 91% and Kappa
index from 0.82 to 0.89. Crop diversity was estimated on the basis of Shannon-Wiener index. All variables were
standardized using the Min-Max method to 0-1 scale. Weights for each criterion and sub-indicator were objective
and estimated by means of Principal Component Analysis (PCA), which accounted for 76.4% of total variance
using five principal components. Resilience score (R) for each village was calculated as a linear weighted
combination of six standardized criteria. Multiple regression analysis (ENTER method) was used to determine
contributions of each criterion to total resilience. Model validation was carried out using Durbin-Watson statistic
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and tests for multicollinearity (VIF and Tolerance), while spatial maps of resilience were generated for 2000 and
2024,

Results and Discussion

Over the period of 24 years, 12 states of resilience were identified for the two villages and six criteria. Six of
them were red ("very low resilience™), three were yellow ("moderate but declining™) and only three states were
green ("favorable™), which indicates the dominance of critical states and a long-term erosive trend. The regression
model had excellent goodness-of-fit, with multiple correlation coefficient (R) of 0.995 and adjusted R2 0.98, while
Durbin-Watson statistic of 1.892 indicates the absence of autocorrelation. Out of six criteria, "Crop diversity" (C)
had the greatest positive and statistically significant effect on resilience with the beta coefficient of 0.785 (p <
0.01), contributing to 96% of explained variance. On the contrary, "Education" (E) had the lowest effect (f =
0.095, p = 0.63), which indicates that despite the considerable increase in literacy rates, it had little influence on
drought resilience in compared with agricultural diversification and irrigation. Other criteria in order of importance
were Population (B = 0.465), Employment age ( = 0.430), Land use (B = 0.380), and Irrigation ( = 0.250). The
derived regression equation is as follows: R = 1.450 + 0.090L + 0.220P + 0.185C + 0.1101 + 0.040E + 0.145A.
According to temporal analysis, Majdabad village showed considerable population growth (resilience score from
46 to 77), Mohammadabad village showed moderate growth (44 to 50), while both villages suffered from a severe
decrease in crop diversity (from 42 to 7 points) and irrigation level (from 36 to 16 points), which is a consequence
of water shortage. On the other hand, the education score increased substantially (from 8 to 41-46 points), but did
not lead to the corresponding increase in resilience because of the priority of production-related factors.

Conclusion

It is evident that drought resilience in the analyzed villages is mostly determined by crop diversification and
availability of water resources, rather than demographic and educational factors. Majdabad village, which has
greater population (8,970 people) and greater pressure on resources, needs urgent adaptive measures, followed by
Mohammadabad. The dominance of red-status resilience states (6 of 12) indicates critical a threshold, and
immediate policy measures are needed. Therefore, the following recommendations can be made on the basis of
this research. It is necessary to focus the supportive policies on increasing crop diversity, promotion of crops with
low water demand and diversification of the agricultural portfolio. Equally important is active participation of
local communities in decision-making bodies — like strategic planning, priority setting and budget allocation,
which will promote social cohesiveness and joint actions. Different villages showed different adaptive capacities
under similar climatic conditions, therefore, a differentiated rather than general strategy is needed. The index
LPCIEA, which provides objective weighting based on PCA and uses replicable satellite and census data, is a
useful instrument for periodic resilience monitoring. Future research should expand this approach to other regions
and incorporate climate projection scenarios into it.
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Table 1- Resilience values for the years 2000 and 2024
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Table 2- Correlation coefficient values of the studied criteria in the villages of Majdabad and Mohammadabad

Rl [ i ;
- . CaRoD> . . Ly' UM JO T g
$be! sl s Po l“JIa';io < & Irﬁ)atio Educatio Uil gy a9l
Variable Land use pn Product diversity % n Employment age  Resilience
/Statistic
el el
Land Use
O 1 -0.18 0.25 0.31 -0.17 0.22 0.29
Pearson
Sig. (2-tailed) 0.62 0.48 0.39 0.63 0.54 0.41
N 10 10 10 10 10 10 10
Populationceses
o9 -0.18 1 -0.07 -0.890** 0.970** -0.810** 0.41
Pearson
Sig. (2-tailed) 0.62 0.84 0 0 0.005 0.24
N 10 10 10 10 10 10 10
Product
Diversity
0P 0.25 -0.07 1 0.21 -0.15 0.23 0.852%*
Pearson
Sig. (2-tailed) 0.48 0.84 0.56 0.68 0.52 0
N 10 10 10 10 10 10 10
Irrigation ¢ L
o3 0.31 -0.890** 0.21 1 -0.870** 0.925** 0.15
Pearson
Sig. (2-tailed) 0.39 0 0.56 0.001 0 0.68
N 10 10 10 10 10 10 10
Education
o9 -0.17 0.970** -0.15 -0.870** 1 -0.760** 0.145
Pearson
Sig. (2-tailed) 0.63 0 0.68 0.001 0.008 0.68
N 10 10 10 10 10 10 10
Jbdl oy
Employment
Age
09 0.22 -0.810** 0.23 0.925** -0.760** 1 0.33
Pearson
Sig. (2-tailed) 0.54 0.005 0.52 0 0.008 0.35
N 10 10 10 10 10 10 10
Syl
Resilience
09 0.29 0.41 0.852** 0.15 0.145 0.33 1
Pearson
Sig. (2-tailed) 0.41 0.24 0 0.68 0.68 0.35
N 10 10 10 10 10 10 10

o[-0 C.Iaw 5 ‘_5)‘.)(_;'\.19 g
*Significance at the 0.05 level
SRR S e
**Significance at the 0.01 level
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Table 3- Study of Durhin-Watson statistics in the villages of Majdabad and Mohammadabad
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Durbin-WatsonStd. DeviationAdjusted R Square R Square R (Correlation)
1.892 0.35 0.98 0.99 0.995
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Table 4- Values of standard regression coefficients in the villages of Majdabad and Mohammadabad

paud 3 ilinl Culpd D 3] gl i

Low!
Cflline)a: ) Standardized Unstandardized
y ) _Sfl_g- t coefficients coefficients Jue
VIE . significance R o . Model
Variance inflation e b e &
factor Tolerance B Std. error B
- - 0.65 0.453 - 3.2 1.45 <l s
Constant
1.49 0.67 0.155 1.875 0.38 0.048 0.09 w2l 6
Land use
50.5 0.02 0.105 2.444 0.465 0.09 0.22 e
Population
1.82 0.55 0 15415 0.785 0.012 0.185 Product
diversity
LS)L:.*.T
22.22 0.045 0.3 1.222 0.25 0.09 0.11 Irrigation
M
50 0.02 0.63 0.5 0.095 0.08 0.04 Education
Juadl
11.76 0.085 0.05 3.222 0.43 0.045 0.145 Employment
age
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