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Introduction

A Land degradation affects almost 2 billion hectaresof land worldwide,
hometo 1.5 billion people

A Globaldry landscoverabout41%ofthe S | NBuKaQe
A Over90%couldbecomedegradedby 2050
A Everyyear, 24 billion tons of fertile soilsare lostdueto erosion

A Every second, an equivalent of four football fields of healthy land
becomesdegraded,

A Xaddingup to atotal of 100million hectareseachyear

A Under UNCCDover 130 countrieshave alreadypledgedto achieveland
degradationneutrality (LDN)oy 2030

A Wherehumanactivity hasa neutral, or evenpositive,impacton the land.

Sources: UNCCD, FAO



ConiX

Affects more than 250
million people across the

ol affecting 40% of the

world's total land area

10 Mha of land degraded
to permanent desert-like
conditions

Menace

80 developing countries
affected

Desertification Impact
Agricultural Impact

Drylands Sub-tropical Countries

Home to more than three
billion people

Reduced surface and
41% of the world's total groundwater resources in
land area is covered by dry sub-tropical countries
drylands in 21st century

(UNCCD, UNEP, BAO

Decline in the production
of rice, wheat and maize
witnessed
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Semtarid

Dry sub-
humid

UNCCD: Arid land (0.05<AI<0.2) Semi arid (0.2<AI<0.5) Binysudb (0.5<Al<0.65)
TheUnited Nations Environment Progragefines drylands asopicalandtemperateareas with araridity indexof less than
0.65.

Drylands



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

AScience direct, 1992024, almost 20,000 international papers on
desertification

ALY tI1A&ddGlryQa O2yGSEG mMmyy I NIGAOE
AOnly few truly focused on desertification

AA new area of research at PhD level

AClimate change along with anthropogenic factors

AFlagged up for triggering land degradation and resultant desertification

Al 2y i0Aydz2dza oF SN adNBaaxXxXNrAasS Ay O
days and increase in the-Blino events

(IPCC, 2019)
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Desertification in Pakistan

7 68 million h

~

Cx ligingre

P 7\ gc i 'n§
<300mm of
rain annually

Ay > 2F tllAadlyQa -arily R A&
A90% currently or vulnerable to it in near future
APopulation explosion is a fundamental cause
A2.4% average annual growth grate for 198817

AHc dT T2 2F GKS O2dzy i NB Q3
ALivestock sector contributes 11.9% to the GDP e in N
AForeign exchange share is 3.1% eaﬁﬁ?ﬁé; .
AProvides source of income to-39%

80%.
A8 million rural families rely on livestock for their food
security

- 4/5™ of its

total cropland
Is cyrrently

* inylgaked

~

O2Z2 Y LINJ

26% to the
GDP and
42.3% wor '
force

(Muhammad and Ma, 2020; IUCN, 20G6R 2017; Khan & Ali, 201&0R 2017;
Anjumet al., 2010)



Problem Statement

4 .
= S. Punjab, 2" most vulnerable
region to climate change 3

= Bahawalpur & Rahim Yar Khan
vulnerable to frequent droughts 2

N

-

= 1996-2001 drought led to 59%
4

' : * < in growing season’s
increase in tube well ownership length, quality of the
harvest
» 30% of saline land is in Punjab 4 = Cultivation and harvesting
time of major crops is
creeping backwards >
N /

1 NDMA, 2017; 2 PDMA, 2018; Malik et al., 2012; 4 Wahla et al., 2023; Akram and Hamid, 2015




Photographs taken During Field Survey, Feb 2019

Bakhirpur29.19 N 70.28 E  Sanjar30.14N 72.35E Chak no.186/P, 28.20 N 70.09E
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Rajanpur Bahawalpur Rahim Yar Khan



Study Area

ABahawalpur, Rahimyar Khan and Rajanpur g
r

AHi%hI rural population Bahawalpur 68%, Rahim Yar Khan 79%, Rajanpu
83%(oR 20 7?

AAgrarian economy
AMixed croplivestock
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Objectives of the Study:

1-Spatiotemporal-extent of Desertification in South Punjab

Al.1 Spatial analysis of the desertification factors, i.e. slope, aspect and Land Use Land Cover (LULC)
Al.2 Detect Patterns of Land Sensitivity

ol.3 Land degradation assessment

oi.4 Identify Patterns of Desertification Vulnerability and Desertification Degree

ol.5 Identify Environmental Sensitivity to Desertification

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

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

08.1 Measure the variability of the stresses the plants in the study area bear

— 4-Investigate the Adaptive Capacity of the Local Farming Community E—
— 5-Remedial Measures and Management Plan to Combat Desertification  —

ub.1 Policies and Strategies to reduce the impact of Desertification in South Punjab
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Geographical Distribution of Drylands, Aridity Inc
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o ) . Identification of e Research ol Variable | < Data
Desertification Intensity and Community research problem ” q " objectives " identification 7 collection
Resilience assessment
Primary Secondary
data data
v L 4 —¥ v
: UAV based field Focus group CHIRPS rainfall APHRODITE Landsat 5. 6 and 7
Field survey : : ° ”
survey discussion dataset temperature dataset imagery
I_ I /T
4| N —
PMD wind speed and ; : ALOS PALSAR
direction data set < Livestock data O (Agrlcultural datao ( DEM

]

IUCN & PDMA

Water stress Data processing and alanlysis v
analysis LULC
I CATPCA l Plant stress - :
analysis I ‘ Policies & strategies l }4— ,_f': i NDVI
AN N N
—b{ Boxplots ¥ TR T i
R —— A 4 o BSI
Population distribution 2 SPI Temperature Slope &
Rainfall map :
SLE map calculation map aspect
]

-
% I —

P Scnsgtlvny o\ L i A
v . sandification
ST i

8
Ul Codilf oY [l
] IE %
[N [y .

Methodological Framework

WVSI
e T A 7k
— s
i b { — ESAI I LST
Albedo
_ | Satty’s pairwise y <
| comparison matrix o DVI

Maintaining status quo

i

Desertification Management
Plan

DSPIR approach
High




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 MOD13Q USGS earth explorer 2000, 2009 and
MOD11A2 MOD16A2 2018

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

4 Rainfall CHIRPS 19832018

5 Temperature APHRODITE 19832019

6 Wind speed, direction, rainfall and temperature data of Bahawalpur PMD 19842017

6 Area under cultivation, crop yield per hectare and production of cottg Agriculture Department (Crop 19902016
sugarcane, rice and wheat reporting service)

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

8 Current policies of Provincial government to fight desertification in th PDMA Obj 5
study area.

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-Spatietemporalextent of Desertification
in South Punjab

C 1.1 Spatial analysis of the desertification factors, i.e. slope, aspect and Land Use Land Co%<
(LULC) in the region under study

Variables Datasets Data sources Analysis

Slope, aspect ALOS PALSARM, Alaska Satellite Facility] Slope and aspect

(Mostefaouj 2017) 2019, 12.5m (ASF) mapping using slope
and aspect tools in Arc
GIS

Land Use Land Cover | Landsat 5,7 and 8 USGS earth explorer | LULC mapping using

(LULC) imagery(1989, 2001, Maximum Likelihood
(Mostefaouj 2017) 2018) classification




Slope and Aspect

70°0'0"E 71°0'0"E 72°00°E 73°00°E 70°00°E 71°00°E 72°00°E 73°00°E
4 4 4 L—31°00"N . L L L—-31°00"N
31°0'0"N- 31°00°N

"

-30°0'0"N -30°00°N
30°0'0"N 30°00°N- 30°00

— L sseons
29°00"N 2800 29°00"N- o
p— F-280'0"N — -28°00°N
27°0'0"NA 200N 27°0'0°N 2N
T T T J \J N
70°00"E 71°00"E 72°00°E 70°00°E 71°00"E 72°00°E

Slope Aspect

) [ ] District Boundary South
l:l voryflsk - Medium - Flat = Southwest
[ Fat B Aorupt 1
-—— — ] — orth B st
0 2040 80 120 160 Very gentle [l Steep — — ' [ Northeast I Northwest
Kilometers [ Gentle | | District Boundary 0 20 40 80 120 160 [ East B \orth

Kilometers [ southeast




LULC
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LULC % change

Rate of
LULC Class 1980 2001 2018 % change
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




Relation between LULC Classes and Population
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1.2 Detect Patterns of Land Sensitivity

Variables

Datasets

Analysis

Slope, aspect and
LULGMostefaouj
2017)

Slope, aspect and

LULC raster layers

Sensitivity to
sandification maps
using weighted
sum technique for
1988, 2001and
2018

Sensitivity to Sandification O

Input variables’

!’

Landsat 5. 7 and 8

images
meters) s

LULC
npe Aspect (1988, 2001
& 2018)
Weighte
Sum

Convert Raster
nnnn
to Ploygon

Calculate

Sensitivity to area of
Sandification each class

ALOS PALSAR
DEM (12.5
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Sensitivity tddandificatiorRate of Change

2

Sensitivity  to | PercentageChange Rateof Change

Sandification

Classes 19882001 20012018 (19882018 [19882001 [(2001-2018 (19882018
Insensitivdand |-4.29 53.70 4711 -3.35 40.24 36.88233
Very low [45.04 -35.15 -5.95 18345 -207.67 -24.2243
sensitiveland

Low sensitiveg -8.62 -0.66 -9.23 -47.92 -3.35 -51.2717
land

Moderately 71233 47.17 109552 257.80 13868 396479
sensitiveland

Highly sensitiveg -81.32 14814 -53.65 -60.58 20.61 -39.968
land

Desertifiedland [-97.94 3000331 52158 -2.39 15.10 12.71433




1.3 Land degradation assessment

2

Y3001 QO ¢ ('YYO=NDVI/Rainfall (Kundu et al., 2017; Zhao et al., 2018)

Variables Data sets Data source Analysis
NDVI and A NDVI forthe | A Landsat 5, 7 and| Raster calculator used
precipitation month of 8 to calculate RUE for
datasets April (1987, 1987, 2001 and 2018

2001, 2018)

A Precipitation | A Climate Hazards

raster data Group infrared

sets for the Precipitation with

same months Station Data

and years (CHIRPS)




Rain Use Efficiency (RUE)
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Area of Rain Use Efficiency (RUE) classes

m Percentage 1998 m Percentage 2001 m Percentage 2018
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1.4 Identify Patterns of Desertification Vulnerabili
and Desertification Degree Y

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

AO00p8 YPuh O™D & W QQE

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

AThe DVI calculated in this study is based on physical attrioftiesdo, NDVI,
TNDVI, SAVI, MSI, LST, PET

Variables Data sets Data source Data analysis
DDI NDVIAlbedo MODIS DDI maps for 2002009 & 2018
prepared by calculating in raster
calculator
DVI Albedo, NDVI, TNDVI, | MODIS DVI mapgprepared for2001,2009 &
SAVI, MSI, LST, PET 2018 prepared by weighted overlay
analysis




Desertification Vulnerability Index (DVI)
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Desertification Difference Index (DDI)
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2-Major Drivers of Desertification from the
Perspective of the Local Residents

Variables

Data sets

Datasource

DataAnalysis

To T To T To I

Natural drivers

Shiftin rainfall pattern
Temperature extremes
Soil moisture loss
Frequent dry spells
Soil salinity

Water scarcity

Survey forms in SPSS

Questionnaire
based survey

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

To o o o

Anthropogenidrivers

Overgrazing
Unsustainable agricultural
practices

Over population

Land degradation

Graphicabnalysis




Methodology of Questionnaire based Survey

2
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Natural & Anthropogenic Drivers of Desertificatio
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Association b/w Natural and Anthropogenic Drivers

2

A Anthropogenidrivers,triggeror aggravatehe naturaldriversof desertification, SLR
A TheRe =0.117, significancdevelof 0.000

A 11.7%of the variancein naturaldrivers,canbe explainedby the anthropogenidrivers
A TheANOVA.000, whichindicatesthat the modelis a goodfit for the data.

A Theregressiorequationis:

A Naturaldriversof desertification®.383 X+ 0.180

A 0.383times increasein the natural driversof desertificationcanbe explainedby a unit increase
in the anthropogenidriversof desertification

A p value0.000.




3-Impacts of Desertification
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Variables Data sets Datasource DataAnalysis foio
B 3 ; |
A Human Survey forms in | Questionnaire Box plots and crosy e T Dea Acaueition
i and surve preparedness using UAV (DJI
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Processing
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Plant Stress in Wheat Fields
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Water Stress in Wheat Fields
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4-Investigate the Resilience of the Local

Farming Community

0 "YO0 0 O "0
(Rajesh et al., 2018)
Variables Data sets Datasource DataAnalysis
A Human |A Object Questionnaire | A Sustainable
assets scores based survey Livelihood
A Physical |A Adaptive Framework (BF)
assets Capacity A Non Linear
A Financial Index Principal
assets (ACI) Component
A Natural Analysis{ILPCA)
assets A ACl
A Social A AClmapping
assets A Df2oclf a2
A 1 y a Sifoday Qa
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