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ABSTRACT

This researcthas been carried out at the Department of Desertification and Genecology,
Estacion Experimental de Zonas Aridé&EZA), Consejo Superior de Investigaciones
Cientificas(CSIC) (http://www.eeza.csic.€sin Almeria, $ain,under thesupervision of Dr.
Gabriel del Barrio EscribanbgetweerOctober 2011 and September 2012

Monitoring of land condition is one of the basic prerequisites for finding the degradation
under climate and human pressure that leaddegertification. The monitoring module
(r2dRUE)presented in this article addresses the land tretedgdding, improving, static and
fluctuating observed along the study period (2a010).This module is built on monthly
time-series of two types of data, vegetation density index (NDVI) derived from Global
Environmental Monitoring satellite archives, and correspapditerpolated climate fields.

The monitoring module was tested in the West Bank region (Occupied Palestinian Territory)
for the period 200@o 2010 using monthly NDVI images derived from the 250 m MODIS
Terra satellite and a corresponding archive of climate variables. The results show that the
amount of land under an active degradation processes is 16% of West Bank area®876 km
This showsone of the highest proportions in regards to other regions that were tested by the
same module. In general the ongoing degradation occurred in multiple and scattered spots
throughout the study area. These localized spots are associated with margceamiaic,
cultural, political and geographical factors of the West Bank. Static and Fluctuating land
trends were detected almost everywhere. While the amount of land under improving trend is
3% of the West Bank (170 Kinespecially the areas that are considexs nature reserves or
protected areas.
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1. INTRODUCTION

The United Nations Convention to Combat Desertification (UNCCD) défirthe
desertification as: &and degradation in arid, sewiid and dry suhumid areas resulting from
various factas, including climate variations and human activitidgspite the fact that the
Occupied Palestinian Territory (OPT) is not a signatory to the United Nations Convention to
Combat Desertification (UNCCD), but the UNCCD definition of desertification apphies

most areas in the Occupied Palestinian Territory. The major causes of desertification and land
degradation in the OPT ar¢he absence of the political control over the land by the
Palestinians due to the severe measures of the Israeli Occupatioratanfiof land and

water, rapid growth of the population and the improper distribution of the population in arid,
semtarid and desert landEQA and UNCCD, 201R

The degrees of desertified and threatened anethee GccupiedPalestinianTerritory are not

well or exactly defined due the lack of data and records to measure and monitor land
degradation and desertificatiofEQA and UNCCD, 2012 Although there is deep
understanding and appreciation of the extent of soil degradation in the Occupied Palestinian
Territory (OPT). There are hardly any available records or rates on soil degradatiore nor ar
there significant parameters systematically monitored, and the few existing published works
are unconnected and mainly descriptive and qualitébueleen, 2001

The outcome or symptom of desertificatics land degradatiorand its driving forces are
climate variation and human activitied.and condition becomes the key to interaction
between biophysical and human system in the desertification procédsesBarrio,
Puigdefabregas, 2010This interaction is complex and the extent to which land management
practices affect the condition of the land is influenced by climatic factors. Conversely, the
climate restricts the range of land management practices that can be sustainably employed
(Henry, Mckeon, 2007

Many ecesystemic approaches were used to monitor the land condition, but the one
presented in this researekiolved from the UNCCD definition of desertification, it demands
few data, low cost, not very prone to error propagation andsué#d to implementation on
remotely sensed timgeries data for application to large aréasl Barrio, Puigdefabregas,
2010.

The main purpose of the research is to develop a diagnostic of land condition baked o
effects of interannual variation of aridity and those of time in the plant biomass during a
given period of time, and to testan the Occupied Palestinian Territory (OPT) during the
period 2000 until 2010. Its objective is to provide the differaiestinian users with records

and maps about land degradation, which helps to combat desertification. The target user
profile was specified as a national or international institution building an information support
system for a national desertificatiolap, or the UNCC[{del Barrio, Puigdefabregas, 2010
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The Occupied Palestinian TerriyofOPT), with a total area of 6,023 kiis considered an

ideal benchmark for these kinds of approaches, because it is an area with very limited natural
resources, it combines a set of land degradation syndromes that spread over wide climate
gradients. Thegeographic, socieconomic and political uniqueness of this area imposes
additional pressure on these resources. This is resulted in a comparatively high rate of soil

degradatior{fDudeen, 2001

2. DATA
2.1 Study area, period and resolution

Study area

The Occupied Palestinian Territof@PT), with a
total area of 6,023 kmis located in SouthVest
Asia in the heart of thiddle East (map 1). It

consists of twaphysically separated land masses;

the West Bank and the Gaza Strip with a total a
of 5,66l knf and 362 krh respectively(lsaac,
Khair, 201). The West Bank isurrounded by
Israel on the west, norttsouth and the Jordarn
River on the east. It is divided into eleve
governorates: Jericho, Ramallah, Bethlehe
Hebron, Jerusalem, Nablus, Qalqiliya, Tulkarer
Jenin, Tubas and Salfit. The Gaza Strip is
coastal zone at the easte extreme of the

Mediterranean Sea on the edge of Sinai Desert;

is surrounded by Israel to the east and nor
Egypt to the South and the Mediterranean Sea
the west. It is divided to five governorates: Norf
Gaza, Gaza, Deir al Balah, Khan Yunis &afah
(Isaac, Salem, 2007

Occupied Palestinian Territory in the Current Regional Context
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Period

The study period was set leten January 2000 through December 2010, to maximize the
continuity of the monthly time series of the vegetation index satellite images (MODIS
NDVI), that were available from February 2000 through December 2010. Also the continuity
of monthly time seriesfahe climate data (temperature and precipitation) that was available
during the same period, and containing full hydrological years which encompass the whole
annual pulses that include the seasons of maximum soil moisture recharge and of maximum
evapotraspiration; hence the period is made of ten hydrological years starting
2000/2001.The temporal resolution over the study period was 1 month

Resolution

The spatial resolution is 250, this resolution is necessary to capture the change in landscape
in a snall region like the Occupied Palestinian Territory (OPT) because of the minimum
distortion or loss of information. Also, this resolution is the same resolution provided by the
monthly MODIS NDVI images.

2.2 Referencesystem andworking window

The maps sethave been managed using the Universal Transverse Mercator (UTM)
geographic coordinate system, Zone 36 N and the Worlkd&ie System (WGS 1984
datum). The working windowincludes two different administrative entities: t&#T and
Israel. The working winde extends from Min X 597374.25, Max X 778124.25, Min Y
33255® and Max Y 3687506n.

2.3 Monthly Vegetation Index Archive

Vegetation Indices (VI) are robust, empirical measures of vegetation activities at the land
surface Many satellites were employed for monitoring the vegetation at a regional scale, but
the Moderate Resolution Imaging Spectroradiometer (MODIS) provides global coverage
every one to two days in 36 spectral bands with spatial resolution varying by ban25Bom

m to 1 km From that point, MODIS is considered suitable for monitoring the vegetation on a
small region like the Occupied Palestinian Territory, because it provides monthly images at
high resolution, and is available for the study period.

The Developrent of a Monthly Vegetation Index archive is built up of monthly images for

the MODIS 13Q1 NDVI product, derived from the Terra satellite every 16 days at 250 m
resolution, with images available from February 2000 to December 2010. NDVI is a
normalized trasformation of the NIR to red reflectance ratio, rNIR/rRed. It is designed to
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standardize betweet and +1, a zero means no vegetation and close to +0.@).8dicates
the highest possible density of green leg®sano, Diban, 2010

2.4 Climate archive:

The climate archive consists of monthly recordsni@an naximum mean, mean minimum
air temperatur¢°C) and of total precipitatiofmm), it was extractedrom 86 meteorological
stationg(72 in OPT, 14 in Isragl

The accepted technique to interpolate noisy multivariate data, such as climatic variables, is
using the thimplate smoothing as the one implemented in the ANUSPLIN pacidale
Barrio, Puigdefabregas, 2010The output was 132 monthly griles for each climate
variable (528 grid fes for all variables).

3. METHOD

3.1 General methodology

The general methodology used to develop a diagnostic of land condition presented in this
research is the r2dRUE library, which is R package used to make diagnostic of land condition
in a larger territoryduring a given time period. The r2dRUE library was developed in the
frame of the EC Desurvéyintegrated Project (A Surveillance System for Assessing and
Monitoring of Desertification), it can be downloaded from any Comprehensive R Archive
Network athttp://cran.fproject.org/(accessed October 201(del Barrio, Puigdefabregas,
2011).

The r2dRUE library has two main separated modules. The monitoring module presented in
this research. It detects the effect of time and aridity on vegetation growth in order to detect
instinct trends of aggradations or degradation in the vegetation cineeastessment module
which Rain Use Efficiency (RUE) is implemented on two tirseale to yield estimates of
biomassmaturity and productivityesilience respectively, this module was not applied to the
Occupied Palestinian Territory because of the absehtke reference vegetation resulted
from the geographical, political and so@oonomic situationsThe two modules of the
r2dRUE are based on archived tirseries and require two types of inglatta. The first one

is a vegetation density index such aB\N, for which several products are available. The
second one is climate fields at a corresponding spatial resolution, involving mean maximum,
mean and mean minimum air temperatures (°C) and total precipitation (gemBarrio,
Puigdefabregas, 2011

! DeSurveyis a project funded by the European Commission under the under the Framework Programme 6 and
contributing to the implementation of the actioiMechanisms of desertification' and 'Assessment of the
vulnerability to desertification and early warning opsbwithin the 'Global Change & Ecosystems priority.
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3.2 Monitoring

The changes in plant biomass over time make an accepted indicator of trends in land
condition. The gradual depletion of biomass is generally interpreted as an ongoing
degradation and the increase isipteted as improvement in the responsive ecosystems, this
change refers to rate so it depends of the bulk ecosystems biomass. When using low
resolution Earth Observation in large territory, trends to plant biomass can be simplified as
driven by two factorsthe climate and the internal ecological dynamics. Only the second is
relevant to land condition. Therefore the monitoring of land biomass along relatively long
periods require accounting of possible effects of a drifting climate, when biomass is declinin
simply because of decreasing the total precipitation, that does not mean that the land is
degradeddel Barrio, Puigdefabregas, 2010

The methodology of the monitoring depends on the multiple stepwise regressions, which
isolates the effects of time and aridity as the two predictors on the NDVI values (as the
variable). The dependent varla was the yearly mean of 12 monthly NDVI values, and the

two predictors were the yearly aridity index (Al) computed using the 12 months and the year
sequence number. The multiple stepwise regressions were used in the standardized form in
order to compar¢he variables that are measured on different scales. In which, the partial
regression coefficient aims to find the pure effect of the time and aridity index, so they are
expressed in the standard deviation units, rather than original units. This coefcaso

known as the beta coefficient. All the procedures followed the formulatio(Sokal and

Rohlf, 1995.

Monitoring module was done to the entire working window, but the additional analysis and
calculations were done only to the West Bank region during the study period2@00D

3.3 Stratified Random Sample Analysis:

The main results of the monitoring module are mape, show the geographical location of

land trends and the effect of both time and aridity on the NDVI values, but because of the
geographical, political and socioeconomic uniqueness of the West Bank, it was necessary to
take a stratified random sample irder to investigate the possible association between the
previous various factors aride land trendsT he stratified random sample dataset consists of
240,808 cells (20% of the working window) selected through a stratdediom design. It
contains thedllowing database in addition to land trend map:

1 Oslo |l classified area of West Bank.
I West Bank districts.
1 West Bank Agreecological zones.
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To study the relationships between the different previous variables and the land trends, the
Chi-square test wasised. This test determines the difference between two independent
groups (variables) and compares the observed with the expected groups of frequencies
(Siegal and Castellan, 1998Nhen the chi square test is signgfit, that means the null
hypothesis has no associaticgtween independent variablegl be rejected. The alternative
hypothesis will be accepted which meaning there is an association between the independent
variables or groups. In all the chi square tesdults, the residuals that expressed the
difference between the observed and the expected counts were shown, because the
interpretation of the residuals enables further details to be inferred on the meaning of that
association between the different adtes. Also, in each of the ebguare tests the value of

chi square test € the degree of freedom (df) and the probability (p) were shown.

The chi-square test was done between the following variables:

1. Relationships between land trends and West Bank Agrecological zonesthis
relationship answers the question of whether land condition is homogeneously
distributed between the West B&lifferent agreecological zones, or alternatively
some agrezones ee affected by land degradation as a result of the variation of
climate and topography between them.

2. Relationship between land trends and the West Bank Oslo classified area (A, B,

C): the difference in control between the three areas can make land cocdgioge.

This relationship answers the question of whether land condition is homogeneously
distributed between the different classified areas (A, B, C), or are some areas
especially effected by land degradation.

3. Relationship between land trends and West &k districts: this relationship
answers the question of whether land condition is homogeneously distributed between
the West Bank districts, or alternatively are some districts especially affected by land
degradation.

3.4 Case studies

Depending on the premiis chisquare tests resulta case study was derived from the study
area, using satellite image of Google Earth. This case shows the tests results, and it shows the
relationship between land trend and West Bank Corine land use land cover 2010 in each
agro-ecological zone, in ordeo test the hypothesis that land condition is linked to land use
through feedback loopsonditions control which uses can be developed on a piece of land,
and uses can make conditions chaf®gnjuan, del Barrio, 2011
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4. RESULTS

4.1 Monitoring

The monitoring results reflect the rate of change of vegetation trends over aridity and time
during the study period (20a#010); three maps make the primary result of the monitoring
module:

1. Effect of inter-annual variation of aridity on vegetation: this (map2) reflects the
sensitivity to yearly oscillations of aridity (PET/E3anjuan, del Barrio, 20)11The
map legend shows three categories: decrease with aridity index means that vegetation
is less greenni dry years, no relationship means that no trends were assessed with
aridity index, and the third category shows increase in green vegetation in dry years.
About 42.7% (2,405 kf) of the West Bank shows a decrease rate of vegetation in dry
years, especiallin the southern parts of the West Bank, while 57.2% (3,223 km
shows no relationship.

Map 2: Effect of Aridity in Plant Biomass (2002010)

Effect of Aridity in Plant Biomass in the Occupied Palestinian Territory (2000-2010)

Effect of Aridity in Plant Biomass

L[] water
[ Not Valid Data

[ ] Decrease in plant biomass with aridity
No relationship between aridity and plant biomass
I Increase in plant biomass with aridity

Jordan

Israel

i
BFM Zone 36N
ExtendedWGS 1984 Datum

Source: own elaboration based on data obtained: ffGh% & RS DepartmeniGs Borders 2011 GIS & RS Department,
Opt Border 2011, GIS & RS DepartmeniVb Borders201])
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2. Effect of time on vegetation: this (map3) conveys the long term vegetation trends
after the interannualclimate oscillations have been remov&hnjuan, del Barrio,
2017). This map is divided into three main categories: decrease in time that meaning
the vegetation is less green by time, no relationship meaning no change in the
vegetation during time, and increase in timeaming increase of vegetatia#ith time.

About 16% (875 krf) of the West Bank shows a decrease rate of vegetation with
time, and that was clear in the northern part of the West Bank, while 8384 ()
shows no relationship and 3% (170%mshowsincrease of vegetation with time.

Map 3: Effect of Time in Plant Biomass (20ZD10)

Effect of Time in Plant Biomass in the Occupied Palestinian Territory (2000-2010)

Effect of Time in Plant Biomass

|| [ water
[7] Not Valid Data
[ | Decrease in plant biomass with time
[ ] Norelationship between time and plant biomass
I increase in plant biomass with time

Kilometers

Source: own elaboration based on data obtained: ffGh% & RS DepartmeniGGs Borders 2011 GIS & RS Department,
Opt Border 2011 GIS & RS Departmen¥Vb Borders201])
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3. Land Trends Map (monitoring): this map (map@) is simply a combination of the
two maps (effect of time and aridity), it was done using a cross tab between the two
previous maps, according to the following (tabje

Abbreviation Sub-legend Interpretation
caption

Biomass accumulation ovetime, whatever th¢
response to inteannual variations of aridity
Typically, ongoing ecological succession afte
disturbance or land abandonment.

Biomass fluctuates according to the yearly rainf
but with no significant variation on the long ter
For example, rainfed crops or grassla
dominated by annual plants.

No response detected over time neither to chan
rainfall within the sudy period.

Biomass depletion over time, whatever
response to intemnnual variations of aridity
Typically, ongoing degradation process
Recently burnt areas may also be included.

Improving

F Fluctuating

S Static

D Degrading

Table 1. Monitoring subclasses conveying land trends used in the land conditior{®aagpuan, del
Barrio, 201}
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Map 4: Land Trends in the Occupied Palestinain Territory (22000)

Land Trends in the Occupied Palestinian Territory (2000-2010)

LAND TRENDS
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| - Fluctuating [ Not Valid Data
Static Water

GAZA STRIP

. Iz ,_,TM\ £ b, +
g\ e - * : » U 24
: s EE ; X ] ot \/

CIHEAM  (iiensitat de Licida

» 0 4
-
Kilometers

UTM Zone 36N
xtended WG$ 1984 Datum

Source: own elaboration based on data obtained: ffGh$ & RS DepartmeniGs Borders 2011 GIS & RS Department,
Opt Border 2011, GIS & RS DepartmeniVb Borders201])

Map 4shows that the large degrading spots are moreetrated in the northern part of the
West Bank, especially in the east and naaist parts. The fluctuating trend is concentrated in
the southern part, static and improving trends are in the central parts of the West Bank.
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The amount of land under actidegradation process (D) is 16% of the West Bank area (876
km?), under the static trend 2,616 knthe fluctuating trend 1,696 Knand only 170 krh
under the improving trend (figure 1).

Land Trends in the West Bank (262010)

3%

O Degrading
O Fluctuating
46% O Static

® Improving

Fig 1. Land trends in the West Bank (202010)

4.2 Stratified Random Sample Results
1. Relationship between the land trends and the West Bank agtecological zones

The results show that land condition is not homogeneous distributed between the West Bank
agroecological zones, and the degrading trend has strong positive fissowidh Semi

coastal and Jordan Valley zones. The fluctuating trend has a strong positive association with
three zones: Eastern slopes, Jordan Valley and the Central Highland zones. The Static trend
associates with the Semoastal zone, while the impnoyg trend has a strong positive
association with the Central Highlands and a posiéissociation with the Jordan Valley
(table?2).

. Land Trends (Residual)
Agro-ecological zones
Degrading Fluctuating Static Improving
Semicoastal 155.8 -385.6 244.1 -14.4
Central Highlands -214.1 61.8 -3.3 155.6
Eastern Slopes -38.7 240.3 -43 -158.6
Jordan Valley 97 83.4 -197.8 17.4

(¥= 667.285000Hf =9, poO

Table2: Chi-square test between land trends and Aggrological zones
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2. Relationship between the land trends and the West Bank Oslo tlassified areas

The land condition is not homogeneously distributed between the West Bank Oslo I

Classified areas. The degrading trend has a strong positive association with Area A. The
fluctuation trend has a strong positive association with area A, and a positive association with
area B. The static and improving trends have a strong positive association with area C that is

under full Israeli control (tabl8).

Oslo Il, classified areas L) Ve (e )
Degrading Fluctuating Static Improving
A 118.9 307.7 -355.9 -70.7
B -16.2 58.2 -12 -30
-102.7 -365.9 367.9 100.7
(= 262.1900000df =6, poO

Table 3: Chi-squareest between land trends and Oslo Il classified areas

3. Relationship between the land trends and the West Bank districts

The chisquare test results show that land condition is not homogeneously distributed
between West Bank districts, and some districts are especially affected by land degrading like
Tubas, Tukarm, Jericho, Jenin, Nablus and Qalgqiliidoe fluctuating trend shows a strong
positive association with Hebron, and a positive association with Jefibkostatic trend
shows a strong positive association with Ramallah, Jenin, Jerusalem), BBdtiiehem and
Qalqiliya. Finally, the Improving trend associates with Jerusalem, Ramallah, Bethlehem and

Salfit (tabled).
Land Trends (Residual)
OUEEE [ O EmEEtss Degrading  Fluctuating Static Improving
Jenin 109.5 -496.4 401.3 -14.5
Tulkarm 198.0 -115.1 -50.9 -32.0
Tubas 410.1 -21.2 -362.8 -26.1
Nablus 90.7 -3.3 -68.8 -18.6
Qalgiliya 41.8 -58.0 20.7 -4.5
Jericho 136.2 51.0 -179.5 -7.7
Salfit -11.4 -213.6 221.7 3.3
Ramallah -268.1 -735.8 937.8 66.0
Jerusalem -67.2 -236.4 229.1 74.4
Bethlehem -215.5 -7.6 208.8 14.3
Hebron -424.1 1836.4 -1357.6 -54.7
(6¥= 7024.815,0000f =30, pO O

Table4: Chi-square test between land trends and West Bank districts
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4.3 Case studies

1. Jordan Valley

Map 5 shows a spot of ongoing degrading for an area located between the Jordan valley and
Eastern slope agrecological zones and considered as area C, it shows thdeghnading
trend associate with the agriculture areas especially pastures.

Map 5: Case Study 1, Jordan Valley
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Pastures
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Source: own elaboration based on data obtained {{@Gi$ & RS DepartmentVb AgreZoneg 2012 GIS & RS Department,
Wb Borders2011 GIS & RS DepartmeniVb Coring 20129
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2. Eastern Slopes

Map 6 shows a spot of ongoing degrading for an area located in the Eastern slepe agro
ecological zone and considered as area C, it shows thé¢dhading trend associate with the
forest and semmatural areas especially wishrub and/or herbaceous veggdn associations

and with open spaces.

Map 6: Case Studyp, Eastern Slopes

Corine Land Use Land Cover
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Source: own elaboration based on data obtained {{@Gi$ & RS DepartmentVb AgreZoneg 2012 GIS & RS Department,
Wb Borders2011 GIS & RS DepartmeniVb Coring 20129
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3. Central Highlands

Map 7 shavs a spot of ongoing degrading for an area located in the Central Highland agro
ecological zone, it shows that tdegrading trend associate with the both the agriculture and
forest and semmatural areas as a result Isfael occupation which continued baild and

expand settlementm the Palestinian land.

The map shows that most of the area associated with static trend because the construction
began in 1997 before the study period (220Q0).

Map 7: Case Studg, Central Highlands

Abu Ghneim Forest 1997
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