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The Economic Impact of flood hazard on the agricultural
resources in affected Areas

Abstract:

Although Egypt is located within the belt of arid desert
with scarce rainfall, seasonal unstable weather conditions occur
in Egypt’s eastern desert during spring and autumn, and result in
flash floods that largely damage homes, crops and livestock.
This frequently occurs for many villages in the mountainous are
of Egypt’s eastern desert. Thus, the current study objective is to
identify the most important agricultural economic activities that
are mostly vulnerable to damages by stronger flash floods in Al-
Ibrahimi watershed (wadi), and to estimate and quantify the
potential economic damages/losses, and to determine appropriate
mitigation/protection actions.The current study developed a field
questionnaire that identified the average family income from
each of the important agro-economic activities, and used it to
collect field information after one powerful flash flood event in
Al-lIbrahimi watershed (wadi). The current study performed
descriptive and quantitative evaluation of the obtained field data
in order to determine the economic losses/damages in the study
area, and to use that information in estimating similar
losses/damages in other areas under other flash flood events.The
current study found that the total agricultural area of 3950
Feddans is vulnerable to flash flood of high-strength at the
watershed, with the potential economic losses estimated at LE
31,003,150 during the winter season. The current study also
estimated that the flash flood event resulted in 2,291 farm-labor
lost employment, in addition to 263 irrigation pumps losing
business because of damaged crops. The current study
recommends helping unemployed agro-labor with alternate
employment opportunities, and/or to compensate affected labor
and irrigation pumps’ ad other business owners with the
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equivalent of their average monthly incomes, according to their
professions/activities.
Keywords: Economic Environment — Wadi Al-lIbrahimy -
Floods — Flood Intensity
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Introduction

The urban expansion in Assiut Governorate, driven by
sustainable development, has led to the spread of agricultural
economic activities and infrastructure within the paths of flood
channels that ultimately drain into the Nile River. These
encroachments on flood channels have occurred due to the
absence of floods over long periods, causing residents to
overlook the dangers of floods and their potential to destroy
agricultural lands, homes, and roads, and even lead to loss of life
(Abd Ellhafez,2008). The damage to agricultural economic
activities is considered a type of disaster that harms people, their
properties, and their interests. This damage can occur directly in
the areas where people reside or in uninhabited areas that still
hold particular interests either directly or indirectly, or that are
planned for future economic benefit (Mahsoub, 2002).

The valleys in the eastern and western parts of Assiut
Governorate are classified based on flood intensity into weak,
moderate, and very high categories. In eastern Assiut, Wadi Al-
Ibrahimy is classified as very high in terms of flood intensity,
while there are two other valleys in eastern Assiut classified
from moderate to very high (Wadi El-Assiouty — Wadi Emo El-
Bahri). Additionally, there are two valleys in eastern Assiut
classified from weak to very high in terms of flood intensity
(Wadi El-Omrani — Wadi El-Jebrawi). In western Assiut, Wadi
WG is classified from weak to very high. A group of valleys in
both eastern and western Assiut is categorized as having weak
flood intensity, totaling about 27 valleys (such as the group of
valleys between Wadi Abu Sheih and Wadi Emo, Wadi Emo El-
Qibli, and other specified groups) (Ministry of Water Resources
and Irrigation, 2018).

Assiut has a history of devastating floods, with the 1996
floods causing damage to approximately 26,538 households and
destroying 13,165 feddans of agricultural land, including 13,098
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feddans of high-quality field crops, with the remainder being
orchards (Abou Kheila, 2013). Wadi Al-lbrahimy is considered
one of the high-risk valleys for some agricultural economic
activities in nearby villages such as Arab El-Qadadih, Arab El-
Awamir, and Deir El-Jebrawi. Therefore, this research aims to
study the effects of increased flood intensity on agricultural
economic activities in these villages. The research problem that,
The villages at the outlet of Al-lbrahimi watershed (wadi) are
frequently exposed to severe economic losses/damages from
flash floods. However, there is scarcity in the studies that
determine the affected areas, the numbers of agro-labor that lose
employment, and other business thar are impacted, and the
resulting financial losses. The research problem is that there is
lack of suitable evaluation of such economic activities’ losses.
Developing methodology for evaluating the losses of the affected
economic activities will enable the decision maker to prepare
action plans under different potential scenarios. Finally, the
objective of this research is to study the major agricultural
economic activities in villages significantly affected by high
flood intensity in Wadi Al-lIbrahimy, estimate the extent of
losses and various damages, and explore methods to mitigate the
anticipated losses.

Methodology

The research employed both descriptive and quantitative
analysis methods. Various mathematical and statistical
techniques, such as averages and statistical frequencies, were
used to process the data, yielding optimal results. The study
relied on both published and unpublished data obtained from the
Central Administration for Agricultural Economics at the
Ministry of Agriculture and Land Reclamation, as well as data
from the Ministry of Water Resources and lIrrigation and the
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Information Center in the city of Abanoub. Primary data was
collected through direct interviews with those involved in
agricultural economic activities in the villages of El-Qadadih,
part of the Abanoub district. A field work questionnaire was
designed, containing several questions to clarify production
indicators such as feddan productivity, economic indicators
including prices, costs, revenues, net yield per feddan, cultivated
areas, barren lands, and areas used for construction. This
questionnaire was implemented at field level according to the
following sample of selected farmers.
Research Sample and Measurement Methods:
« The research sample was based on specific indicators and
evidence, with a focus on:

o The human framework for the field sample, which included
selected farmers, agricultural workers, and local leaders in
the research area.

o The research area was divided into three parts: the southern
part represented by the village of Arab EI-Awamir, the
central part represented by the village of Arab El-Qadadih,
and the northern part represented by the village of Deir El-
Jebrawi.

o Samples were selected from various affected areas directly
influenced by Wadi Al-lbrahimy. A total of 90 samples
were studied to analyze the economic environment. The
research utilized a spatial sampling approach to define
targeted geographical areas and the human scope within
these areas to achieve the research objective.
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Description of the study area

The study area is located in the northeast of Assiut
Governorate, on the eastern side of the Nile River, and is part of
the Eastern Desert valleys that slope westward into the Nile
River. The valley is approximately 29 km from the city of Assiut
and about 20 km from Abnoub. The tributaries of Wadi Al-
Ibrahimy originate from the highlands and mountains of the
Eastern Desert, including Gebel El-Fent, Gebel EI-Ghaza, Gebel
Abu Awad, and Gebel Um Mriykha, and eventually drain into
the Nile River. The valley’s outlet crosses the Eastern Desert
Highway (Cairo/Assiut) via a concrete culvert with four
openings. Some residential and agricultural areas are located at
the valley's outlet, as illustrated in Figure (1). (Ministry of Water
Resources and Irrigation, 2010).
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Results and Discussions
Flood Risk and intensity

Due to rainfall in the mountainous regions of southern
Egypt, floods occur in certain active valleys with high flood
intensity, such as Wadi Al-lbrahimy in Assiut Governorate.
These floods cause severe damage to local residents and
essential infrastructure, including road networks, electricity and
gas lines, transformer stations, housing, schools, and other
critical facilities. Therefore, it is necessary to implement
protective measures for these facilities to ensure sustainable
development (Helal, 2008).

The flood risk levels in the study area were determined by
assessing the hydrological factors affecting water flow velocity,
including the basin slope, rock classification, and the intensity of
rainfall from the maximum storm. Flood intensity was generally
assessed within the valley channels as illustrated in Figure (2).
Flood intensity is defined as the product of water velocity and
water depth, and the results indicate that the flood intensity
ranges from moderate to high. It is important to note that flood
intensity varies according to changes in the geometric
dimensions of the cross-section of the watercourse, the slope of
the channel, and the rock classification of the valley bed.
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Figure (2): Intensity map of wadi A
Governorate

Orange: Includes areas where development is not permitted

except for strategic facilities (such as pipelines and essential

services), with the necessity of implementing required

protective measures.

Red: Includes areas where development is not permitted.

I-lIbrahimy, Assuit

Figure (3) illustrates that the flood risk level in the Wadi Al-
Ibrahimy basin ranges from moderate to high, which necessitates
implementing engineering precautions to safeguard development
activities within the valley boundaries.
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Figure (3): Flood risk map of wadi Al-lbrahimy, Assuit
Governorate

Cultivated Area

The land area in the Abanoub district of Assiut
Governorate includes both old and new lands. The old lands
cover an area of 44,028 feddans, divided into 33,371 feddans
owned by local residents and 10,657 feddans owned by the
government. These lands are less affected by the flood path of
Wadi Al-lbrahimi. On the other hand, the new lands which are
the focus of this study and are more severely affected cover an
area of approximately 5,111.7 feddans. These are divided into
4,319.3 feddans of land owned by individuals (see Table 1).
Central Agency For Public Mobilization & Statistics — Egypt,
2021
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Table No (1): Government-Owned Lands

© Uncultivated Residential reclgior:;ible Agricultural Total possessed
s land Buildings’ land services’ land area
< land
«©
g Fedden Qirat Fedden Qirat Fedden Qirat | Fedden | Qirat Fedden | Qirat
<

4319 3 730 4 26 36 5111 7
=)
3
7]
I}
o
- «
@ E 84.5 14.3 0.5 0.7 100
'S
IS
S
5

Source: Collected and calculated from: “The Bulletin of

Agricultural Boundaries and Properties data”. Published by:
“Central Agency for Public Mobilization & Statistics — Egypt,
2021."

Fedden is 4200 m?; 1.0 Fedden = 24 Carat; 1.0 Carat = 175 m>.

e The total area of land cultivated with the winter crop is
approximately 4124.9 feddans, representing about 95.5% of
the total cultivated area in the Abanoub Center, which
amounts to approximately 4319.3 feddans(see Table 2).

e Total Summer Crop Area in Abanoub Center: The total
area of summer crops in Abanoub Center is approximately
4107.6 feddans, which represents about 95.1% of the total
cultivated area in Abanoub Center, which is approximately
4119.3 feddans (see Table 3).

e Irrigation Sources: Nile water is the primary source of
irrigation, with approximately 3964 feddans being irrigated
with Nile water, representing about 96.1% of the total
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cultivated area. Groundwater irrigation covers approximately
160.9 feddans, representing about 3.9% of the total cultivated
area.

Agricultural Drainage: There is no agricultural drainage in
the study area.
The main crops in Abanoub Center include wheat, alfalfa,
and sugar beet. The area planted with wheat is
approximately 2000 feddans, representing about 48.5 %
of the total cultivated area of approximately 4124 feddans
and 3 carats. The area planted with alfalfa is
approximately 1000 feddans, representing about 24.2 %
of the total cultivated area. The area planted with sugar
beet is approximately 950 feddans, representing about
23.3 % of the total winter crop area (see Table 2). For
summer crops, peanuts occupy .
Table No (2): Winter Crops in the Study Area

Winter Field Crops Total
“2_ @ Other winter possessed
© @ | Sugar Beet alfalfa Wheat
O < crops area
Fedden | Qirat | Fedden | Qirat | Fedden | Qirat | Fedden | Qirat | Fedden | Qirat

ER
g 2|90 |- 1000 |- 2000 413 |go4 |3
< <

[58]

bt
2 3
s B 23.03% 24.2% 48.5% 100
c O
g ¢

Source:

Collected and calculated from: “The Bulletin of

Agricultural Boundaries and Properties data”. Published by:
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“Central Agency for Public Mobilization & Statistics —
Egypt, 2021." the largest area, with approximately 1990
feddans and 9 carats, representing about 48.7 % of the total
cultivated area of approximately 4107 feddans and 6 carats.
The area planted with sorghum is approximately 600 feddans
and 2 carats, representing 14.6 % of the total cultivated
holdings. The area planted with summer onions is estimated
to be about 1000 feddans and 3 carats, representing 24.3 % of
the total cultivated holdings (see Table 3).
Table No (3): Summer & Nili Field Crops

g Summer & Nili Field Crops

1

:t Other pol—soet:sled
5 Dry Onion Summer Peanuts Summer area

S Sorghum crops

o Fedden | Qirat | Fedden | Qirat | Fedden | Qirat | Fedden | Qirat | Fedden | Qirat
5 @
g2
<= 1000 3 600 2 1990 9 516 16 4107 6

0,
24.3% 14.6% 48.7% 12.4% 100

Percent of the
Total Study
Area

Source: Collected and calculated from: “The Bulletin of
Agricultural Boundaries and Properties data”. Published by:
“Central Agency for Public Mobilization & Statistics — Egypt,

2021."
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Production and Economic Indicators for Key Crops in the
Study Area

Data from Table No. (4) highlight the main production
and economic indicators for key crops in the study area. It is
evident that the largest areas of summer crops are occupied by
peanuts, sorghum, and summer onions. The yield per feddan for
these crops iIs approximately 1.544, 2.44, and 18 tons,
respectively. The revenue per feddan for peanuts, sorghum, and
onions is approximately 19,965, 9,910, and 36,900 Egyptian
pounds, respectively. The costs per feddan are around 11,567,
8,117, and 8,316 Egyptian pounds, while the net return per
feddan is approximately 8,830, 1,793, and 28,584 Egyptian
pounds for peanuts, sorghum, and onions, respectively.

For winter crops, wheat, alfalfa, and sugar beet are the
largest in terms of cultivated area. The yield per feddan for these
crops is approximately 3, 24.5, and 30 tons, respectively. The
revenue per feddan for these crops is approximately 16,902,
16,513, and 18,750 Egyptian pounds, respectively. The costs per
feddan are about 11,424, 4,082, and 10,733 Egyptian pounds,
respectively, while the net return per feddan is approximately
5,478, 12,431, and 8,017 Egyptian pounds, respectively.
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Table No. (4): Production and Economic Indicators for
Crops in the Study Area

L Average Total

per 9¢ | Revenue/ Net
Crops Farmgate cost/

Fedden . Fedden Return

Price Fedden

(ton)
Peanuts 1.54 13310 19965 11576 8380
Summer |, 4129 9910 | 8117 | 1793
Sorghum
Dry
) 18 3568 36900 8316 28584
Onion
Wheat 3 5634 16902 11424 5478
Clover 24.5 674 16513 4082 12431
sugar 30 625 18750 | 10733 | 8017
Beet

Source: Collected and calculated from the field research

questionnaire in the study area
To assess the robustness of these production and economic

indicators compared to national averages, a one-sample T-test
was used to test the hypothesis of whether the average
production and economic indicators for the key crops in the
study area are similar to or differ from those at the national level,
either by increasing or decreasing. Therefore, the study
hypotheses are as follows:

« Null Hypothesis (HO0): There are no differences between the
average production and economic indicators for the key crops
in the study area and those at the national level. Any
differences are due to chance and not to characteristics of the
study area, thus the differences are not statistically
significant.
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o Alternative Hypothesis (H1): There are significant
differences between the average production and economic
indicators for the key crops in the study area and those at the
national level, either increasing or decreasing, and these
differences are statistically significant at levels of 0.05 and
0.01.

Results of the Statistical Estimation of Yield per Feddan

The results of the one-sample T-test for the yield per
feddan of key crops in the study area, compared to national
averages, are shown in Table No. (5). It indicates that there is an
increase in the yield per feddan for summer crops—peanuts,
sorghum, and onions—compared to the national average for

these crops. The increase was approximately 0.14, 0.3, and 5.8

tons, respectively, and these increases were statistically

significant at the 0.01 level. Similarly, for winter crops, the yield
per feddan for wheat and sugar beet was higher
Table No. (5): Results of the Statistical Estimation of Yield
per Feddan for Crops in the Study Area

Deviation
Stud . of Stud
Areg National Area Yie):d
Crops vield Av_erage ; t- test value
PET 1 Yield” rom
Fedden National
Average
Peanuts 1.54 1.4 0.14 (2.4) **
Summer o
Sorghum 2.4 2.1 0.3 (6.5)
Dry Onion 18 12.1 5.8 (19.9) **
Wheat 3 2.8 0.200 (7.7) **
Clover 24.5 31.4 -6,9 (-21,2) **
Sugar Beet 30 20.9 9.1 (43.1) **
Source: Collected and calculated from the field research

questionnaire in the study area
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Source: Collected and calculated from the field research
questionnaire in the study area
#. Ministry of Agriculture and Land Reclamation, 2022
**Significant at the 0.01 level
than the national average by approximately 0.200 and 9,1 tons,
respectively, and these differences were statistically significant
at the 0.01 level. However, for clover, the yield per
feddan was lower than the national average by approximately -
6,9 tons, and this decrease was statistically significant at the 0.01
level.
Results of the Statistical Estimation of Costs per Feddan

The data shown in Table No. (6) illustrate the average
costs per feddan for key crops in the study area compared to
national averages. The results of the one-sample T-test indicate
that there is a decrease in the costs per feddan for summer
crops—peanuts, sorghum and onions —compared to the national
average for these crops. The decrease was approximately 2792,
250,1284 Egyptian pounds, respectively, and these decreases
were statistically significant at the 0.01 level

Table No. (6): Results of the Statistical Estimation of Costs
per Feddan for Crops in the Study Area

Total Genral Deviation of Study Area - test
Crops cost/ Average cost from National I
Fedden cost” Average value
Peanuts 11576 14368 -2792 (-265) **
Summer | g117 8367 -250 (-0.17) **
orghum
Dry Onion | 8316 9600 -1284 (-50,3) **
Wheat 11424 11634 -210 (-7,18) **
Clover 4082 7484 -3402 (-152,4) **
oA | 20733 | 10261 472 (119) **
eet
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Source: Collected and calculated from the field research
questionnaire in the study area
#. Ministry of Agriculture and Land Reclamation, 2022
**Significant at the 0.01 level
Similarly, for winter crops, the costs per feddan for wheat and
alfalfa were lower than the national average by approximately
210 and 3,402 Egyptian pounds, respectively, with these
differences being statistically significant at the 0.01 level. For
sugar beet, the costs per feddan
were higher than the national average by approximately 472
Egyptian pounds, and this increase was statistically significant at
the 0.01 level.
Results of the Statistical Estimation of Net Return per
Feddan

The data presented in Table No. (7), which show the
averages of net return per feddan for key crops in the study area
compared to national averages, indicate that the results of the
one-sample T-test reveal an increase in the net return per feddan
for summer crops—ypeanuts—compared to the national average.
This increase was approximately 4,713 Egyptian pounds and
was statistically significant at the 0.01 level. Conversely, the net
return per feddan for sorghum and onions decreased by 388 and
12,287 Egyptian pounds, respectively, with these decreases
being statistically significant at the 0.01 level.
For winter crops, the net return per feddan for wheat and sugar
beet was higher than the national average by approximately
2,232 and 4,376 Egyptian pounds, respectively, with these
differences being statistically significant at the 0.01 level. But
otherwise, alfalfa was lower than the national average by
approximately 4045 Egyptian pounds,
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Table No. (7): Results of the Statistical Estimation of Net
Return per Feddan for Crops in the Study Area

Net (General
Crops R Average Net Difference t- test value
eturn #
Return)
Peanuts 8380 3667 4713 (17.7) **
Summer |4 7q3 1405 388 (10.10) **
Sorghum
Dry Onion 28584 16297 12287 (688) **
Wheat 5478 3246 2232 (88.6) **
Clover 12431 16872 - 4045 (-154) **
Sugar .
Beet 8017 3641 4376 (148)

Source: Collected and calculated from the field research
questionnaire in the study area
#. Ministry of Agriculture and Land Reclamation, 2022
**Significant at the 0.01 level
Total Number of Workers in Agricultural Activities in the
Study Area

Abanoub Center ranks third after Assiut and Dairout in
terms of the availability of daily labor in the field of plant
agricultural production. The available daily labor is estimated to
be around 100 men, 28 women, and 33 children (Abdel-Meguid
et al., 2016). Table No. (8) shows that the number of permanent
family workers in the study area is approximately 1232, with the
number of intermittent workers being 1234. The number of
permanent wage laborers is estimated at about 34 workers.
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Table No. (8): Total Number of Workers in Agricultural
Activities in the Study Area

Types of Workers Total Number of Workers in the Cultivated Study Area
Men Women Boys Girls Total
Permanent Family Workers 893 249 60 30 1232
Seasonal Workers 375 150 505 204 1234

Permanent Hired Workers 10 0 4 20 34

Total Number of Workers 2500
The Total Cultivated Land in the Study Area 4319
Number of Workers per Fedden 0.58

Source: Collected and calculated from the field research
questionnaire in the study area

Given that the total cultivated area in the study area is
approximately 4319feddans, the labor requirement per feddan is
approximately 0.58 workers.
The estimated agricultural areas expected to be affected by
floods in the villages near the mouth of Wadi Al-lbrahimy are
approximately 3950 feddans. Of these, around 2000 feddans are
wheat fields, and 1000 feddans are alfalfa fields, and 950
feddans are Sugar Beet which are the main crops during the
flood season in winter. Table No. (9) illustrates the key
economic damages resulting from the intensity of the flood in
Wadi Al-lbrahimy. The data in the table indicate that the total
losses due to damage to agricultural lands amounted to
approximately 31,003,150 Egyptian pounds. Additionally, the
number of unemployed workers within the agricultural sector
was about 2291 workers There are also indirect losses, such as
the disruption of more than 263 irrigation machines, assuming
that each machine services 15 feddans. There was also stagnation
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in the market for packaging and transporting goods, a rise in
prices for products related to the crops such as bread flour, and
higher prices for livestock that rely on secondary crops like
wheat and alfalfa for feed.

The most significant damage is the reduction in household
income, the potential collapse of homes, and possible loss of
human lives.

Table No. (9): Expected for Crops Losses Around Wadi Al-
Al-1brahimy in Plant Production.

Economic Losses Caused by Damaged Crops
Total

Impacte ILot:ét ReNtitrn Net Losses | Number of | unemployment
d Crops epd LE Per LE Per Workers Losses

Area | Eedden Fedden per Fedden (Worker:;s/Fedde
Wheat
Crop 2000 5.478 10.956.000 0.58 1160
Losses
Clover
Crop 1000 12.431 | 12.431.000 0.58 580
Losses
Sugar
Beet 950 | 8.017 | 7,616.150 0.58 551
Crop
Losses

Total 31.003.150 2.291
Source: Collected and calculated from the field research

questionnaire in the study area.
Conclusion
« The intensity of floods varies according to changes in the

geometric dimensions of the cross-section of the watercourse,
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the slope of the channel in the valley, and the rock
classification of the valley bed.

The risk level from floods in the Wadi Al-lbrahimy basin
ranges from moderate to high.

The area of non-cultivated land in the study area is
approximately 765 feddans out of a total of 4319 feddans
suitable for cultivation, including state-owned lands and
reclamation lands.

The largest area among winter crops is wheat, with
approximately 1125 feddans, while the summer crop with the
largest area is peanuts, with approximately 1141 feddans.

The net return per feddan is approximately 8380,1793, and
28,584 Egyptian pounds for peanuts, sorghum, and onions,
respectively.

The net return per feddan is approximately 5478,12431 and
5478 Egyptian pounds for wheat, alfalfa, and sugar beet,
respectively.

The net return for peanuts, sorghum and onions is higher than
the national average net return by approximately 4713,388,
12278 Egyptian pounds, with this increase being statistically
significant at the 0.01 level.

For winter crops, the net return per feddan for wheat, and
sugar beet increased compared to the national average by
approximately 2232, 4376 Egyptian pounds, respectively,
with these differences being statistically significant at the
0.01 level.

alfalfa were lower than the national average by
approximately 4045 Egyptian pounds, respectively, with
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these differences being statistically significant at the 0.01
level.

« The average area potentially affected by floods is
approximately 3950 feddans, with net return losses estimated
at around 31,003,150 Egyptian pounds for the winter season.
The number of unemployed individuals in agricultural
production activities is estimated at 2291, and more than 263
irrigation machines used for irrigating the affected areas are
out of service.

Recommendations

« Implement engineering precautions to secure developmental
activities within the boundaries of Wadi Al-Ibrahimy.

o Ensure the provision of job opportunities for individuals
involved in agricultural activities affected by the floods.

o Financially compensate those affected by floods with an
amount equivalent to the average monthly income based on
their type of work.

« Taking engineering precautions to secure developmental
activities established within the Ibrahimy Valley’s protected
area.

« Providing food supplies related to crop damage during severe
floods, such as bread flour.

o Providing animal fodder affected by severe floods, such as
wheat straw.

« Ensuring the availability of rapid ambulance services during
severe floods to avoid loss of human lives.

« The necessity of committing to providing job opportunities
for those whose agricultural activities have been harmed.
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« Financial compensation for those affected by the floods,
equivalent to the average monthly income according to the
nature of each person’s work.

« Implement Flood Protection Infrastructure like dams and
artificial lakes

« Implement a channel from the outlet of wadi al Ibrahimy to
the nile river

« Prohibit or strictly regulate farming and construction in high-
risk flood zones
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