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Executive summary

Gaza Strip was subject to an escalation of con ict from 10 May to 21 May 2021. Preliminary
reports showed that built-up (infrastructure) areas, including greenhouses and irrigation
networks, have been damaged (UNITAR-UNOSAT, 2021).

In this context, the Food and Agriculture Organization of the United Nations (FAO)
deemed imperative to conduct rapid geospatial analysis of the situation in order to determine
the extent of the damages caused by con ict in support of current and future response
programmes.

Geospatial information is essential for planning relief and/or restoration interventions
as well as to advocate for intervention and de ne priorities/needs. This rapid assessment
complements a rst rapid assessment conducted on 28 May 2021 and aimed at providing
a more detailed analysis focusing on using very high resolution (VHR) images to assess
impacts on agricultural built-ups and cropland. VHR images were classi ed into seven
major land cover categories that includes four cropland types (irrigated crops, rain-fed crops,
greenhouse and orchards), current fallow and bare land, built-up and water body. The
damages footprints were detected using satellite images from 21 May. It was overlaid with
the cropland type map to assess the damages to cropland. Damage to the greenhouse was
assessed using a Sentinel 1 (SAR) based damage proxy map.

It was found that around 88 hectare (ha) of rain-fed crops, irrigated vegetables and
orchards were either destroyed by direct impact of missiles or burned by the res generated
by the missiles. North Gaza sustained the most damages to crops (41 ha) followed by Gaza
governorate (36 ha). The damages to the greenhouses were also estimated at around 70.7
ha. The estimation shows that around 0.90 percent of the area was damaged in relation to
the total surface area.

viii






1 Introduction

1.1 Background

The Gaza Strip is a narrow coastal plain land in the Middle East along the Mediterranean
coast bordering Israel and Egypt with a total area of 360 Km?. It shares a total of 62 km of
its land boundary with its neighbouring countries (51 km with Israel and 11 km with Egypt)
and 40 km as coastline. It has a at to rolling terrain with sand and dune covered plains.
The region experiences temperate climatic patterns with mild winters and dry and warm to
hot summers (UNEP, 2009). The region’s natural resources lie with natural gas and arable
land (which is a third of its total land). The region has an estimate of 120 Km? of land
irrigated, however the problem of drought is frequent and crucial (CIA, 2021).

The Gaza Strip is one of the most densely populated regions in the world with a total of 2
110 000 inhabitants and a density of 5 693 individuals/km? (PCBS & UNFPA, 2021; PCBS,
2021). Around 62 percent of households experience moderate to severe food insecurity (FAO,
PCBS & WFP, 2020).

UNOCHA (2018) reported that one million of Palestinian refugees needed food assis-
tance in the second quarter of 2017, up from 0.9 million in just the second quarter of 2015.
The problem of food insecurity is exacerbated by droughts, deserti cation, salinisation of
freshwater, soil degradation and contamination of underground water resources (UN, 2012).
In addition, disputes over ownership and use of land between Israel and Palestinian terri-
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tories remains an element of market disruption that negatively a ects food security of the
Palestinian population of the Gaza Strip. From 10 to 21 May 2021, the Gaza Strip was
subject to an escalation of a con ict that was signi cantly more intense and sustained in
time as compared to the ones su ered since 2014. Reports of the Palestinian Ministry of
Agriculture suggest that signi cantly built-up areas, including greenhouses and irrigation
networks, have been damaged, in addition to croplands Considering the situation and the
relevance of planning relief and/or restoration interventions in the most adequate manner,
use of geospatial information and tools in assessing damages can help better de ne priorities
and needs, as well as to advocate for intervention and de ne priorities/needs.

1.2 Objective

The main objective of the rapid assessment is to provide comparative quanti cation of dam-
ages in agricultural built-ups and cropland between the period before 10 to 21 May 2021
and after. This rapid assessment complements a rst rapid assessment conducted during the

rst phase of the analysis, aimed at providing a more detailed analysis focusing on using
very high resolution images to assess impacts on agricultural built-ups and cropland. The
assessment applies remote sensing to assess speci ¢ damages incurred based on the catego-
rization of key agriculture-based sub-sectors: greenhouses, agricultural land, or wells. This
rapid assessment contributes to a multiple impact assessment under the Palestinian author-
ities, the humanitarian system under UN coordination, the World Bank, and the European
Commission.

1.3 Area of interest

The area of interest (AOI) was inclusive of all administrative boundaries of the Gaza Strip
consisting of ve governorates (admin 2) i.e. North Gaza, Gaza city, Deir Al-Balah, Khan
Younis and Rafah ( Figure 1)

2 Available data

Several data were required to conduct this assessment. It includes ancillary information and
satellite images. Multispectral satellite images were required to derive a cropland type map.
Below, the dataset used in this analysis is listed.

2.1 Ancillary information

List of ancillary data used in this assessment:

Outline of the Gaza Strip/AOI (UN, 2020)



Report on agricultural damages after the escalation in 2014

Map illustrating the damages of the 2014 report

Detailed mapping of roads, greenhouses and vegetation layer of the Gaza Strip (2014)
Point locations of the greenhouses (2016{2019)

UNOSAT damage assessment data *

2.2 High resolution satellite images

List of high resolution satellite images used in this assessment:

Sentinel 1 SAR (resolution 10 m) images were used to derive a damage proxy maps.

Sentinel 2 MSI (resolution 10 m) time-series images were used to derive a prelimi-
nary result on the impact on cropland. It was di cult to identify the damages from
this analysis due to the coincidence with the harvesting period. This leads to the pro-
curement of very high resolution images to map the crop types and assess the damage
to a particular crop.

2.3 Very high resolution satellite images

List of very high resolution satellite images used in this assessment:
WorldView-2 panchromatic image { (date { 28 May 2021, resolution { 0.5m)
WorldView-2 multispectral Image { (date { 21 May 2021, resolution { 0.5m)

Pleiades multispectral Image { (date { 6 May and 20 May 2021, resolution { 0.5m)

3 Methodology

The geospatial unit of FAO’s Land and Water Division (NSL) has developed, in consultation
with World Food Programme (WFP), FAO’s O ce of Emergencies and Resilience (OER)
and FAO’s Coordination O ce for the West Bank and the Gaza Strip Programme (FAO-
WBGS), this methodological approach and undertaken this analysis of agricultural-related
damages that occurred during the period 10 { 21 May 2021.

The methodological approach used to conduct the analysis presented in this report con-
siders the data and information made available within a limited time. The proposed method-
ological approach can be enriched and improved with additional data in the future.

The analysis was carried out in two phases:

Ihttps://unitar.org/maps/map/3301
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Phase 1: Damage proxy maps (DPM), updated settlement layers, and Sentinel 2 based
normalized di erence vegetation index (NDVI) change analysis were carried out in the rst
phase of the assessment.

Phase 2: As the NDVI change was not adequate to assess the damages to crops, very
high resolution satellite images were obtained for the second phase of the analysis.

The following steps were followed based on the context and more speci cally on the
availability of the data to prepare inputs for the subsequent analysis to assess:

Severity of damages to crops between 10 { 21 May 2021,
Damages to agricultural built-up, particularly greenhouses, wells, other irrigation in-

frastructures between 10 { 21 May 2021.

3.1 Damage proxy map/damages to the built-up areas

An assessment, using Sentinel 1 data, was carried using the damage proxy maps module
available on the SEPAL? platform to identify the damages of built-up areas and greenhouses.
Sentinel 1 is equipped with a synthetic aperture radar (SAR) instrument, which is useful
in detecting the major structural changes independent of cloud cover as well as day- and
nighttime. This is a proxy measure of the damages estimated by using the so-called coherence
change detection (CCD) algorithm. This is based on three image pairs, consisting of two
pre-event and one post-event imagery. The coherence layers are calculated for each pair ( rst
pre-image with second pre-image and second with third post-imagery)(Figure 2).

A combination of two sets of images, acquired from the same relative orbit (satellite
track), was selected. To minimize the possibility of surface change happening prior to the
event, the rst two scenes are selected as close as possible before the event (7 and 8 May
2021). The third scenes are the scene available after 19 and 20 May 2021. A drop of coherence
by over 0.27 can be considered as a damage. The drop level indicates the level of damage
severity (higher the drop, the higher the severity). The range and the corresponding classes
are given in Table 1.

Table 1: Coherence change detection (CCD) values and damage severity classes

Change value Class

0.27 { 0.35
0.35 { 0.43
043 {051
0.51 { 0.59
>0.59 High severity

2https://sepal.io
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Figure 2: Work ow for the generation of damage proxy map.

The following analysis were prepared on 28 May 2021 as a rst phase of the rapid assess-
ment:

Updated settlement layer for January { May 2021
Damage proxy map for the period 20 May 2021

Area of the a ected greenhouses for the period 20 May 2021

3.2 Land cover mapping

To assess the damages by crop type a land cover map with cropland classes was required
before the event. In addition to the crop type, other common land cover categories were
considered to extract other relevant information.

3.2.1 Land cover legend

A classi cation scheme (land cover legend) was prepared considering the possibility of using
local knowledge and VHR data. It includes four cropland types (Table 2), and three other
land cover types: i) rain-fed crops, ii) irrigated crops, iii) orchards/home gardens, iv) current
fallow/bare-land, v) greenhouses, vi) built-up and vii) water body.

3.2.2 Collection of training data

Training samples to identify location information and associated land cover class are one of
the main inputs to prepare crop type map/land cover and assess the damages and validate



the results of satellite data analysis. It was decided to classify all the major crops grown in
the area. However, it was not possible to collect information from the eld due to restrictions
imposed by the local authority. A collection of pseudo training data was an alternative to
overcome such a situation.

Two separate approaches were taken into consideration to collect training samples, which
were then aggregated into one dataset to feed into the classi cation process.

1. Collection of training samples using very high resolution images, Sentinel 2 time series
images in Open Foris Collect Earth Online (CEO) tool and

2. Training samples collection supported by the expertise of local agronomists.

Using Collect Earth Online: Three hundred training samples were collected in Collect
Earth Online® using very high resolution satellite data and other information like normalised
di erence vegetation Index (NDVI) time series and bi-monthly variation in Sentinel 2 images.
(Figure 3)*. A strati ed random sampling design was followed using the 20 m bu er of
damage location and previous (2014) vegetation layer as strata. Sixty (20 percent) samples
are located 20 m in and around the impacted eld locations and 240 outside of these locations.
Following information were collected by interpreting the VHR images in CEO:

1. Land cover:

Irrigated crops

Rain-fed crops

Orchards/home gardens
Current fallow/bare land, sands
Greenhouse

built-up

water body
2. Phenology

3. Type of damages: crater, burned, debris

3‘Collect Earth Online’, available at: https://collect.earth/
“Irrigated and rain-fed crops were merged into a group as it was not possible to distinguishes them from

the available data. Greenhouses were not part of this data collection as locations data were available.
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Figure 3: Geographic locations of the training samples
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Figure 4. An example of plot card provided for the collection of training data

Expert knowledge: Training data collection was supported by the expertise from an
agronomist from FAO-WBGS to enhance the accuracy of the crop type classi cation. A
plot-card of 300 samples provided with 15 proposed locations to be visited was proposed to
acquire photographs if possible and other relevant information on crop properties ( Figure 4,
Table 2).

The total number of samples collected by the local agronomist was 51 which includes, i)
irrigated crop: 15 samples, ii) orchard: 29 samples, iii) rain-fed crop: ve samples, and iv)
other (home gardens): two samples.



Table 2: The di erent cropland classes identi ed for mapping cultivated land

Classes

Cultivated Crops

Description

Greenhouses

Irrigated veg-
etable

Rain-fed
crops
Orchards

Tomato, sweet pepper,
strawberry, cucumber,
eggplant,
termelon, green bean,
fresh herbs

okra, wa-

Strawberry, sweet
pepper, tomato,
cauli ower, carrot,
cucumber, celery,
eggplant, pumpkin,
fennel, okra, squash,
lettuce, watermelon,
garlic, onion, maize,
sun ower, potato,

chickpea, lentil, green
bean, pea, coriander,
dill,
parsley

Wheat, sorghum, bar-

mint, oregano,

ley, maize, sa ower
Almond, citrus, lemon

Material: galvanize iron steel, length/width: 33 by 30
m, no. of rooms: 4, roof: plastic sheets.

The distance between rows for tomato, sweet pepper,
eggplant, cucumber and melon is 1.2 m, no spaces be-
tween fresh herbs.
greenhouse take up around 10 dunums only and the dis-

Strawberry cultivation inside the

tance between rows is 1 m. The greenhouses are usually
used in the winter season for cultivation.

Cultivated usually in summer,

the distance between rows is around 1.5 m, but for
potato, cauli ower, cabbage, carrot, celery, lettuce, gar-
lic, onion, itis 0.75 to 1 m. No space is required for mint
dill and parsley.

The main rain-fed crops are wheat, and barley, culti-
vated in winter season.

The distance between rows:

Olives: 5-7m

Citrus: 4-5m

Date Palm: 6-8 m

Almonds: 5-6 m

Grapes: the distance 2 m between plants and 2.5-3 m
between rows.

Guava: 5m
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Figure 5: Work ow for the generation of land cover map

3.2.3 Image classi cation

Following steps were carried out to prepare a land cover map.
Segmentation of the very high resolution images into homogeneous image objects.

Extraction of raster (spectral values) statistics including the texture information and
geometry of the image objects.

Fitting a machine learning model to classify the image objects into crop type map
using the collected training data. In addition to the 351 samples, 200 additional
samples were collected in Collect Earth which include information on built-up area,
greenhouse, water body, and current fallow/ bare land class.

The tted model was used to predict the land cover classes. An in-sample accuracy
assessment was performed to check the consistency of the model. With the given
samples, the in-sample accuracy of the model was 98 percent and the out-of-bagging
(OOB) error rate was 6 percent. It was not possible to validate the result as ground
data were not available.

3.3 Damage footprint mapping

A semi-automated pattern recognition method was used to delineate the damage footprints.
It involves the following steps (Figure 6):

Pattern matching Filtering

VHR image Segmentation Damage footprint
(21-May-21)
Visual delineation Merging

Figure 6: Work ow for the generation of damage footprint



Point coordinates

Greenhouse of greenhouse (2016-19

extent (2014)

VHR image Merging Updated
greenhouse exten

Segmentation Feature extraction

Figure 7: Work ow to update the greenhouse dataset

Visual identi cation of some craters as samples in combination with UNOSAT data.
Segmentation of the image (after the event) into image objects
Template matching/pattern recognition and feature extraction in e-cognition

Complementary visual checking and editing were carried out to enhance the quality of
the data.

3.4 Greenhouse data update and damage assessment

The greenhouse class were extracted from land cover to update the greenhouse data layer
with the point location of 2019. An overlay analysis was carried out using the damage proxy
map and the updated greenhouse layer to assess the damages to greenhouse ( gures 7 and
8).

Updated r
greenhouse extent J

Overlay Damages to
analysis greenhouse

Damage footprint
(Damage proxy map)

Figure 8: Methodology owchart to assess the damages to greenhouse

3.5 Damages to crops

Following steps were performed to assess the damages to cropland (Figure 9) .

Overlay analysis using the crop type map and damage footprint

Severity of Impacts (percentage of damaged area, hectare of damaged area) by crop
type.

10
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Figure 9: Methodology owchart to assess the damages to crops

3.6 Damages to agricultural infrastructure

A multi ring bu er (15 m, 30 m, 45 m radius) around the damaged location was created to

locate the agricultural infrastructure around the impacted sites (Figure 10).

Figure 10: A multi ring bu er with 15 m, 30 m and 45 m radius

11



SEPAL, a cloud computing platform for earth observations, data access, pro-
cessing, analysis and land monitoring, powering innovation and application in the
use of satellite imagery for natural resource management (http://sepal.10).

Collect Earth Online (CEO), an online tool for systematic reference data
collection in land cover and use applications which promotes consistency in lo-
cating, interpreting, and labelling reference data plots for use in classifying and
monitoring land cover/land use change (https://collect.earth/).

Plotcard: a combination of satellite images, graphs etc. used for a sampling
location.

Crater: a bowl-shaped cavity in the ground caused by an explosion.
Burned: damage caused by re.

Debris: the remains of the destroyed structures.

Built-up: arti cial surfaces (building, road etc.).

Damage footprint: damaged extent and its attributes.

World View 2: DigitalGlobe’s satellite sensor, provides a very high reso-
lution panchromatic (0.5 m) and eight multispectral bands (2 m). (https:
//www.digitalglobe.com/about/our-constel lation#worldview-2).

Pleiades 1: CNES’s satellite sensor, provides a very high resolution panchromatic
(0.5 m) and four multispectral (2 m) bands (http://smsc.cnes.fr/PLEIADES/).

False colour composite (FCC): an FCC is a combination of multispectral
bands to visualize and distinguishes features from an image. It also allows to
visualize the wavelengths that the human eye does not see (e.g. near the infrared
range). Vegetation is visible in shades of red in a standard FCC.

dunum: a unit of area used for land measurement in this region, 1 dunum equal
to 1,000 m? or 1 dumum equal to 10 ha.
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4 Results

Results of the geospatial analysis of agricultural-related damages re ect the escalations that
took place from 10 { 21 May 2021 in Gaza Strip.

Damages in Gaza were assessed based on three categories: i) craters, ii) burned, and iii)
debris.

The results of the assessment indicated damages to built-up areas, cropland, and the
following land cover categories i) crops: irrigated crops, rain-fed crops, and orchards, ii)
greenhouses and iii) infrastructure: ponds, dairy farms, sheep farms, pigeon/other bird
farms, agricultural stores, well rooms, agricultural storages, broiler chicken farms, animal
shelters, and home barns.

Analysis of ancillary data and high resolution satellite images suggests that 157.46 ha
of greenhouses, irrigated crops, rain-fed crops, and orchards sustained damaged, or 0.90
percent of area damaged in relation to total land surface area (Figure A-1). Greenhouses
and rain-fed crops sustained the most damage, at 44.51 percent and 38.69 percent damage
in proportion to total damaged area across the ve governorates (Table 3). In comparison,
proportional damage to irrigated crops and orchards was lower, at 0.14 and 0.20 percent
respectively, although percentages vary by governorate.

Table 3: Estimated damages of escalations in the Gaza Strip (area in ha)

Land cover Total Damages by type Percentage of
type surface Burned Crater Damage surface area
area out area damage footprint damaged
Protected farming
1 708.52 70.08 4.10%
(greenhouses)
Irrigated crops 2 155.25 2.91 0.14%
Rain-fed crops 1871.93 59.94 .98 3.25%
Orchards 11 670.17 4.63 18.92 0.20%
Total 17 405.87 64.57 22.81 70.08 0.90%

North Gaza sustained the most damage to crops, at 41.02 ha of combined damage to
irrigated crops, rain-fed crops and orchards, followed by Gaza, where 36.09 ha of crops were
destroyed by craters or burning out. For greenhouses, data on the distribution of damage
by governorates suggests that Khan Younis (29.77 ha) and Rafah (21.46 ha) sustained the
most damage.

The damage to greenhouses has signi cant implications on the agriculture sector. Their
controlled environment has allowed for higher crop yields in a context of limited access to
land and water. In fact, crop yields are higher in Gaza Strip than in the West Bank, which
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has been attributed to the success of protected agriculture such as greenhouses (FAO, 2019).
Moreover, it is important to note the longer-term losses related to greenhouse damage. The
materials necessary to repair them, such as galvanized steel, can incur high costs and are
subject to restrictions (World Bank, 2021).

The combined damage across built-up areas, cropland, and agricultural infrastructure
should be considered in the context of pre-existing vulnerabilities in Gaza Strip, and further
exacerbated by high levels of poverty, unemployment, and food insecurity (World Bank,
2021).

4.1 Damages to the built-up areas

The detected damages are related to the destruction and submergence of buildings. The
result should only be interpreted for built-up areas. Changes over vegetated areas are likely
false positives. A settlement data layer was prepared using a combination Sentinel 2 and
1 imagery to mask out the none- built-up areas. Some damages could be detected also for
greenhouses which are subject to eld veri cation.

The footprints of damages are located all over the region, though the amount of damage
to built-up area is high in the northern region. Around 234.5 ha built-up area has been
damaged which is 2.5 percent of the total built-up area. Geographic locations of the damages
are given in appendix A (Figures A-2, A-3 and A-4).

4.2 Land cover

The current (before the event) land cover map was prepared to assess the damages on
cropland. The distribution of the areas is given in Table 4 and Figure 11.

18.21 %

B Greenhouse

| Waterbody

O Irrigated crops

O Current fallow, bareland
O Built-up land

[ Rainfed crops

[0 Orchards, home garden

Figure 11: Proportional distribution of land cover area
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Table 4: The distribution of area by land cover categories

Land cover Area in ha
Irrigated crops 2 155.25
Rain-fed crops 1871.93
Current fallow, bare land 6 575.69
Orchards, home gardens 11 670.17
Greenhouse 1 780.52
Built-up 11 996.91
Water body 133.87

The land cover map of the area is given in appendix A (Figure A-5). The land cover
maps for each of the governorates are given in appendix A ( Figures A-6, A-7, A-8, A-9 and
A-10) and photographs of key cropland types can be seen in appendix B.

4.3 Damages to crops

The damages to cropland were assess using the land cover map and the damage footprints.
The type of damages was divided in two categories: burned out and crater/destroyed. It was
found that the maximum damaged area covers rain-fed crops followed by orchards. Examples
of these damages as highlighted using blue line on the standard false colour composite of VHR
images (WV2 FCC image, dated 21 May 2021) are portrayed in Figure 12 and Figure 13.

Geographic locations of the damaged areas can be seen in appendix A (Figures A-11,
A-12 and A-13).

The damages to cropland area are given in Table 5 and the distribution of damaged land
by governorates in Table 6.

Figure 12: An example of craters in orchards
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Figure 13: An example of burned cropland

Table 5: Damages to the cropland by damage type (area in ha)

Cropland type Burned out Crater

Irrigated crops 2.91
Rain-fed crops 59.94 .98
Orchards 4.63 18.92

Table 6: Distribution of cropland damaged area by governorates (area in ha)

Governorates ¥ Deir Al-Balah Gaza Khan Younis North Gaza Rafah
Damage type 1 Crater Crater Burned Crater Burned Cater
;85 Irrigated crops 1.21
g. Rain-fed crops 036  22.44 0.01 37.50 0.12
5 Orchards 0.24 10.97 1.12 0.13 3.51 0.14

4.4 Damages to greenhouse

The damage footprints over the green houses were estimated to be 70.08 ha out of 1 708.52
ha or 4 percent. The area of footprints by governorates is given in Table 7. The locations of
the greenhouses are given in appendix A (Figures A-14, A-15, A-16, A-17 and A-18).

4.5 Damages to infrastructure

The damages to the infrastructure were assess using a proximity analysis technique. The
closest proximity to damaged locations indicates the high likelihood of damages to the in-
frastructure.
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Table 7: Damage footprints on the greenhouse by governorates

Table 8: Number (%) of agricultural infrastructures located within at 15 m, 15 -30 m, and 30

-45 m radius of a damaged site.

Governorates Area in ha

Khan Younis 29.77
Gaza 2.60
Rafah 21.46
Deir Al-Balah 9.98
North Gaza 6.27

Type of Number of Radius
Infrastructure Infrastructure 15 m 15m-30m 30m -45m

Turkey farm 30
Pond 88 1(1.14%) 2 (2.27%) 6 (6.82%)
Dairy farm 31 2 (6.45%) 1 (3.23%)
Calves farm 30
agricultural supplies 30 1 (3.33%)
Animal shelter 83 4 (4.82%) 1 (1.2%) 6 (7.23%)
Agricultural store 104 2 (1.92%) 4 (3.85%) 5 (4.81%)
home barn 195 2 (1.03%) 5 (2.56%) 8 (4.10%)
Agricultural storage 64 1 (1.56%) 2 (3.13%)
Pigeon/other bird farm 31 2 (6.45%) 1 (3.23%)
rabbit farm 30 1 (3.33%)
Water Tower 14
sheep farm 148 3 (2.03%) 4 (2.70%)
Plant nursery 17
Broiler chicken farm 208 5 (2.4%) 9 (4.33%) 11 (5.29%)
Well room 34 1 (2.94%) 1 (2.94%)

The levels of proximity were selected as following: i. within 15 m radius, ii. within 30
m radius, iii. within 45 m radius. The average size of a crater is around 20 m in the
orchards. Therefore, infrastructure situated within 15 m of a damaged site can be considered
as damaged. The animal shelter, broiler chicken and well room are the most common
infrastructure objects in this zone. The number of infrastructure objects that are close

to the damaged sites are given in Table 8.
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5 Scope of improvements

Assessment of the status of agricultural production and infrastructure is critical to ensure
adequate support and monitoring of recovery programs and plans. The analysis could be
improved if some additional information were available. Particularly, in the following areas:

The crop type map prepared for the crop production damage assessment was based
on pseudo training samples. Therefore, it was not possible to validate the results with
ground truth data. As such, the result could be improved using eld veri cation in
order to quantify the uncertainty involved in the data. The current fallow land could be
classi ed into more distinctive classes with high temporal composite of VHR satellite
data. Hence, the distribution of area by land cover categories could be improved. In
order to determine the actual amount of damage in terms of the production of crops
from the crop category map statistics on crop yield are required. An estimation of the
damage on production can be done by distributing the damages proportionally to all
the major crops grown in this season.

For the agricultural infrastructure damage assessment, the results could also be im-
proved by collecting eld data.

For the damage proxy map was used for the greenhouse damage assessment, there
might be false-positive and higher estimations of the area due to its coarser resolution
compared to the land cover. It could be improved by the means of led veri cation.
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Figure A-1: Geographic location of the damages
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Figure A-2: Geographic location of damages to built-up areas in the northern region

Figure A-3: Geographic location of damages to built-up areas in the central region
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Figure A-4: Geographic location of damages to built-up areas in the southern region

Figure A-6: Land cover map of North Gaza
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Figure A-5: Land cover map of the area

Figure A-7: Land cover map of Gaza
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Figure A-8: Land cover map of Deir Al-Balah

Figure A-9: Land cover map of Khan Younis
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Figure A-10: Land cover map of Rafah

Figure A-11: Cropland damage location in North Gaza
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Figure A-12: Cropland damage location in Gaza and Deir Al-Balah

Figure A-13: Cropland damage location in Khan Younis and Rafah
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Figure A-14: Location of damaged greenhouses in North Gaza

Figure A-15: Location of damaged greenhouses in Gaza
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Figure A-16: Location of damaged greenhouses in Deir Al-Balah

Figure A-17: Location of damaged greenhouses in Khan Younis
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Figure A-18: Location of damaged greenhouses in Rafah
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B Photographs of key crops/infrastructures

Photo. 1. A partially damaged cropland (© FAO/Hana Salah)

Photo. 2: Farmer picking ripe tomatoes in a greenhouse (© FAO/Hana Salah)
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Photo. 3: Farmer picking ripe watermelon in a greenhouse (© FAO/Hana Salah)

Photo. 4: A damaged greenhouse (© UNSCO/Lynn Hastings)
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Photo. 5: Farmer repairing a greenhouse (© FAO/Hana Salah)

Photo. 6: A damaged dairy farm (© FAO/Hana Salah)

32



SBN 978-92-5-135121-5

‘5
89251 351215
CB7167EN/1/10.21



	Acknowledgement
	Abbreviations and acronyms
	Executive summary
	Introduction

