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Introduction

ÅLand degradation affects almost 2 billion hectares of land worldwide, 
home to 1.5 billion people.

ÅGlobal dry lands cover about 41% of the ŜŀǊǘƘΩǎ surface

ÅOver 90% could become degraded by 2050.

ÅEvery year , 24 billion tons of fertile soils are lost due to erosion.

ÅEvery second, an equivalent of four football fields of healthy land 
becomes degraded,

ÅΧadding up to a total of 100 million hectares each year.

ÅUnder UNCCD, over 130 countries have already pledged to achieve land 
degradation neutrality (LDN) by 2030

ÅWhere human activity has a neutral, or even positive, impact on the land.

Sources: UNCCD, FAO
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(UNCCD, UNEP, FAO)



Arid

Semi-arid

Hyper arid

Dry sub-
humid

UNCCD: Arid land (0.05<AI<0.2) Semi arid (0.2<AI<0.5) Dry sub-humid (0.5<AI<0.65)
TheUnited Nations Environment Programdefines drylands astropicalandtemperateareas with anaridity indexof less than 
0.65.

https://en.wikipedia.org/wiki/United_Nations_Environment_Program
https://en.wikipedia.org/wiki/Tropics
https://en.wikipedia.org/wiki/Temperate_climate
https://en.wikipedia.org/wiki/Aridity_index




A Glimpse of Literature

ÅScience direct, 1997-2024, almost 20,000 international papers on 
desertification

ÅLƴ tŀƪƛǎǘŀƴΩǎ ŎƻƴǘŜȄǘ ммуу ŀǊǘƛŎƭŜǎ

ÅOnly few truly focused on desertification

ÅA new area of research at PhD level

ÅClimate change along with anthropogenic factors

ÅFlagged up for triggering land degradation and resultant desertification 

Å/ƻƴǘƛƴǳƻǳǎ ǿŀǘŜǊ ǎǘǊŜǎǎΧǊƛǎŜ ƛƴ ǘŜƳǇŜǊŀǘǳǊŜΣ ŘŜŎǊŜŀǎŜ ƛƴ ƴǳƳōŜǊ ƻŦ Ǌŀƛƴȅ 
days and increase in the EL-Nino events 

(IPCC, 2019)



{ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭ Імр ά[ƛŦŜ ƻƴ [ŀƴŘέ

άtǊƻǘŜŎǘΣ ǊŜǎǘƻǊŜ ŀƴŘ ǇǊƻƳƻǘŜ ǎǳǎǘŀƛƴŀōƭŜ ǳǎŜ ƻŦ ǘŜǊǊŜǎǘǊƛŀƭ ŜŎƻǎȅǎǘŜƳǎΣ 
sustainably manage forests, combat desertification, and halt and 
reverse land degradation and halt biodiversity lossέ



Desertification in Pakistan

Åул҈ ƻŦ tŀƪƛǎǘŀƴΩǎ ƭŀƴŘ ƛǎ ŜƛǘƘŜǊ ŀǊƛŘ ƻǊ ǎŜƳƛ-arid

Å90% currently or vulnerable to it in near future

ÅPopulation explosion is a fundamental cause

Å2.4% average annual growth grate for 1998-2017 

ÅнсΦтт҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ƭŀƴŘ ŎƻƳǇǊƛǎŜǎ ƻŦ ǊŀƴƎŜƭŀƴŘǎ 

ÅLivestock sector  contributes 11.9% to the GDP

ÅForeign exchange share is 3.1% 

ÅProvides source of income to 35-40% 

Å8 million rural families rely on livestock for their food 
security 

68 million ha, 
lie in areas 
receiving 

<300mm of 
rain annually

4/5th of its 
total cropland 

is currently 
irrigated

Share in the 
export 

earnings is 
80%. 

26% to the 
GDP and 

42.3% work 
force

(Muhammad and Ma, 2020; IUCN, 2017; GoP, 2017; Khan & Ali, 2015; GoP, 2017; 
Anjum et al., 2010)





Photographs taken During Field Survey, Feb 2019
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Bakhirpur 29.19 N  70.28 E
Rajanpur

Tibbi Lundan,30.65N  70.87E
Rajanpur

Sanjar, 30.14N  72.35E
Bahawalpur

Chak no. 79, 30.28N  73.02E
Bahawalpur

Chak no.186/P, 28.20 N  70.09E

Rahim Yar Khan

Iqbal Nagar, 29.09N   70.89E
 Rahim Yar Khan



Study Area
ÅBahawalpur, Rahimyar Khan and Rajanpur 
ÅHighly rural population Bahawalpur 68%, Rahim Yar Khan 79%, Rajanpur 

83%(GoP, 2017)
ÅAgrarian economy 
ÅMixed crop-livestock
ÅSalinization



Objectives of the Study

Å1.1 Spatial analysis of the desertification factors, i.e. slope, aspect and Land Use Land Cover (LULC)

Å1.2 Detect Patterns of Land Sensitivity

ω1.3 Land degradation assessment

ω1.4 Identify Patterns of Desertification Vulnerability and Desertification Degree

ω1.5 Identify Environmental Sensitivity to Desertification

1-Spatio-temporal-extent of Desertification in South Punjab

2-Major Drivers of Desertification from the Perspective of the Local Residents

ω3.1 Measure the variability of the stresses the plants in the study area bear

3-Impacts of Desertification on the People and Vegetation Conditions, Livestock and Food Security

4-Investigate the Adaptive Capacity of the Local Farming Community

ω5.1 Policies and Strategies to reduce the impact of Desertification in South Punjab

5-Remedial Measures and Management Plan to Combat Desertification

Objectives of the Study:



Standard Precipitation Index,1983-2018
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Mean Annual Temperature 1983-2019
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Geographical Distribution of Drylands, Aridity Index 
(AI).

IPCC, (2019)
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Sources of Data sets
Sr. no Data sets Organization name Time period

1 Landsat 5 TM, Landsat 7 ETM+ and Landsat 8 OLI images 30m USGS earth explorer 1989, 2001 and 

2018

2 MODIS 250 m resolution images of the study area, sensor MOD13Q1 

MOD11A2 MOD16A2

USGS earth explorer 2000, 2009 and 

2018

3 DEM ALOS PALSAR 12.5m resolution Alaska Satellite Facility (ASF) 2019

4 Rainfall CHIRPS 1983-2018

5 Temperature APHRODITE 1983-2019

6 Wind speed, direction, rainfall and temperature data of Bahawalpur PMD 1984-2017

6 Area under cultivation, crop yield per hectare and production of cotton, 

sugarcane, rice and wheat

Agriculture Department (Crop 

reporting service)

1990-2016

7 Number of Livestock in the study area Livestock and Dairy Department 2018

8 Current policies of Provincial government to fight desertification in the 

study area.

PDMA Obj 5

9 Population distribution in study area, growth rate Pakistan Bureau of Statistics 1998 and 2017

10 LULC and irrigation network maps of study area Urban Unit -

11 Other supportive data sets Statistical Pocket Book 2018



1-Spatio-temporal-extent of Desertification 
in South Punjab
Ç1.1 Spatial analysis of the desertification factors, i.e. slope, aspect and Land Use Land Cover 

(LULC) in the region under study

Variables Data sets Data sources Analysis

Slope, aspect 
(Mostefaoui, 2017)

ALOS PALSAR DEM, 
2019, 12.5m

Alaska Satellite Facility 
(ASF)

Slope and aspect 
mapping using slope 
and aspect tools in Arc 
GIS

Land Use Land Cover 
(LULC) 
(Mostefaoui, 2017)

Landsat 5,7 and 8 
imagery (1989, 2001, 
2018)

USGS earth explorer LULC mapping using 
Maximum Likelihood 
classification



Slope and Aspect



LULC



LULC % change

LULC Class 1980 2001 2018 % change
Rate of 

Change

Vegetation 9384.73 13034.69 14617.96 55.76 174.44

Water 938.02 255.26 243.79 -74.00 -23.14

Bare land 33793.59 30767.51 25065.99 -25.82 -290.92

Built-up 436.13 501.85 4630.60 961.74 139.81

Total 44552.48 44559.32 44558.35 0.013 0.19
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1.2 Detect Patterns of Land Sensitivity

Variables Data sets Analysis

Slope, aspect and 

LULC (Mostefaoui, 

2017)

Slope, aspect and 

LULC raster layers

Sensitivity to 

sandification maps 

using weighted 

sum technique for 

1988, 2001 and 

2018 





Sensitivity to Sandification Rate of Change

Sensitivity to 

Sandification

Percentage Change Rate of Change

Classes 1988-2001 2001-2018 1988-2018 1988-2001 2001-2018 1988-2018

Insensitive land -4.29 53.70 47.11 -3.35 40.24 36.88233

Very low 

sensitive land

45.04 -35.15 -5.95 183.45 -207.67 -24.2243

Low sensitive 

land

-8.62 -0.66 -9.23 -47.92 -3.35 -51.2717

Moderately 

sensitive land

712.33 47.17 1095.52 257.80 138.68 396.479

Highly sensitive 

land

-81.32 148.14 -53.65 -60.58 20.61 -39.968

Desertified land -97.94 30003.31 521.58 -2.39 15.10 12.71433



1.3 Land degradation assessment

ὙὥὭὲόίὩ ὩὪὪὭὧὭὩὲώ (ὙὟὉ)=NDVI/Rainfall    (Kundu et al., 2017; Zhao et al., 2018) 

Variables Data sets Data source Analysis

NDVI and 
precipitation 
datasets

Å NDVI for the 
month of 
April (1987, 
2001, 2018)

Å Precipitation 
raster data 
sets for the 
same months 
and years

Å Landsat 5, 7 and 
8

Å Climate Hazards 
Group infrared 
Precipitation with 
Station Data 
(CHIRPS)

Raster calculator used 
to calculate RUE for 
1987, 2001 and 2018



Rain Use Efficiency (RUE)



Area of Rain Use Efficiency (RUE) classes
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1.4 Identify Patterns of Desertification Vulnerability 
and Desertification Degree

ÅDDI was calculated to explore the intensity of desertification in the region

ÅὈὈὍρȢτψωυ Ø ὔὈὠὍὃὰὦὩὨέ 

ÅAlbedo = -0.67137 x NDVI + 0.38439 Zeng et al. (2006) 

ÅThe DVI calculated in this study is based on physical attributes, Albedo, NDVI, 

      TNDVI, SAVI, MSI, LST, PET 

Variables Data sets Data source Data analysis

DDI NDVI, Albedo MODIS DDI maps for 2001, 2009 & 2018 
prepared by calculating in raster 
calculator

DVI Albedo, NDVI, TNDVI, 
SAVI, MSI, LST, PET 

MODIS DVI maps prepared for 2001, 2009 & 
2018 prepared by weighted overlay 
analysis



Desertification Vulnerability Index (DVI)

     



Desertification Difference Index (DDI)



2-Major Drivers of Desertification from the 
Perspective of the Local Residents

Variables Data sets Data source Data Analysis

Natural drivers
Å Shift in rainfall pattern
Å Temperature extremes
Å Soil moisture loss
Å Frequent dry spells
Å Soil salinity
Å Water scarcity

Survey forms in SPSS Questionnaire 
based survey

SLR (Lin et al., 2017; 
Vanleeuwen, Hartfield, 
Miranda, & Meza, 
2013)

Anthropogenic drivers
Å Overgrazing
Å Unsustainable agricultural 

practices
Å Over population
Å Land degradation

Graphical analysis



Methodology of Questionnaire based Survey

52 indicators

Close ended 
questions

Pilot survey,10% 
sample size. Jan 

2019

Population: 
farming 

community

Sample size: 
{ƭƻǾƛƴΩǎ formula, 

399

Disproportionate 
stratified random 

sampling

66 UCs, 133 
respondents in 
each district

One-one interview 
method

Group-
administered 
questionnaire 

based interviews
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Natural & Anthropogenic Drivers of Desertification



Association b/w Natural and Anthropogenic Drivers 

ÅAnthropogenic drivers, trigger or aggravate the natural drivers of desertification, SLR

ÅThe R2 = 0.117, significance level of 0.000

Å11.7% of the variance in natural drivers, can be explained by the anthropogenic drivers. 

ÅThe ANOVA 0.000, which indicates that the model is a good fit  for the data.

ÅThe regression equation is:

ÅNatural drivers of desertification=0.383 X + 0.180

Å0.383 times increase in the natural drivers of desertification can be explained by a unit increase 
in the anthropogenic drivers of desertification

Åp value 0.000. 



3-Impacts of Desertification 

Variables Data sets Data source Data Analysis

Å Human 
impacts

Å Financial 
impacts

Å Impacts on 
livestock

Å Environment
al impacts

Survey forms in 
SPSS

Questionnaire 
based survey

Box plots and cross 
tabs

Å Impacts on 
plants

Images captured 
through UAV of 
wheat fields

UAV based survey 
of selected wheat 
fields

Plant and water 
stress maps 
prepared using dji 
go app and Agremo 
online application

DJI Phantom III, Quadcopter
3-Axis Gimbal, 12MP



Impacts of Desertification



Plant Stress in Wheat Fields

Bahawalpur Rahim Yar Khan Rajanpur



Water Stress in Wheat Fields

RajanpurRahim Yar KhanBahawalpur



4-Investigate the Resilience of the Local 
Farming Community

Variables Data sets Data source Data Analysis

Å Human 
assets

Å Physical 
assets

Å Financial 
assets

Å Natural 
assets

Å Social 
assets

Å Object 
scores

Å Adaptive 
Capacity 
Index 
(ACI)

Questionnaire 
based survey

Å Sustainable 
Livelihood 
Framework (SLF)

Å Non Linear 
Principal 
Component 
Analysis (NLPCA)

Å ACI
Å ACI mapping
Å Dƭƻōŀƭ aƻǊŀƴΩǎ L
Å !ƴǎŜƭƛƴΩǎ Local 
aƻǊŀƴΩǎ L

ὔὛὃὅὍ Ὂὅ 

(Rajesh et al., 2018)


