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ABSTRACT

The Nile Delta is considered to be one of the most vulnerable river deltas to Sea Level Rise (SLR) in the world.
SLR is expected to affect large agricultural areas of the Nile Delta, either through inundation or higher levels
and salinity of groundwater. It could be argued that such impacts would augment the problems experienced al-
ready in the area in terms of high groundwater table and salinity levels. In order to guide policy and decision
making, especially in terms of assessing the economics of various adaptation options, there is a need to provide
estimates of potential economic damage that could result from such changes. The paper in hand aims to estimate
the economic value of potential primary impacts of higher levels of groundwater table due to expected SLR on
agriculture productivity in Damietta Governorate as one of the Nile Delta coastal governorates. To conduct such
an assessment, relationship between groundwater table level and agricultural productivity was first investigated
in relevant literature. This was followed by reviewing prevailing conditions in the agricultural sector in the study
area. Thereafter, a regression analysis for the main crops in the study area, between crop yield and groundwater
table levels, was conducted. Based on the developed regression, a GIS (Geographic Information System)-based
hydrological model, and a production economic model, were employed to assess economic value of higher levels
of groundwater table impacts on agriculture productivity. It was found that future accumulative crop yield loss
was estimated, using segmented linear regression, up to the year 2100 to be as much as L.E. 6.43 billion. It is
worth mentioning that these estimates do not include indirect impacts of higher levels of groundwater table,
which may include loss of jobs and/or earnings, impacts on food supply and food security in the area. A potential
adaptation option, namely redesigning and upgrading existing drainage infrastructure, was found to cost a total
of L.E. 190.8 million, representing about 4.5% of the estimated accumulative potential damage to agricultural
productivity up to the year 2100.
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1. Introduction

Maximum yield of a certain crop requires that, among
other things, groundwater table level should be at optimal
groundwater table depth, with yield decreasing at higher
(deeper) groundwater table depths due to water shortage
(saturation) at root region, respectively. Still, the rela-
tionship between crop yield and groundwater table level
may be influenced by a number of factors including for
instance, physical properties of the unsaturated zone [1],

OPEN ACCESS

distribution of plant roots systems and salinity and toxic
ion effects on crop growth [2].

It was suggested that too wet conditions seem to af-
fect crop yield more seriously than too dry ones. This is
because poor aeration not only reduces water and nu-
trient uptake of the crop, but also leads to deterioration of
soil structure and slowing down of the nitrogen minera-
lisation process in the soil [3]. Moreover, excessive water
in the whole root zone may inhibit the diffusion of oxy-
gen in soil pores, thus resulting in root death, leaf drop,

JEP


http://www.scirp.org/journal/jep
http://dx.doi.org/10.4236/jep.2014.52012
mailto:mabdrabo@hotmail.com
mailto:mabdrabo@arca-eg.org
mailto:mhassaan@hotmail.com
mailto:mhassaan@arca-eg.org

88 Economic Valuation of Sea Level Rise Impacts on Agricultural Sector: Damietta Governorate, Egypt

chlorophyll destruction and a significant reduction in
photosynthetic assimilation of the horticulture crops.

Also, anoxic conditions may lead to a series of anae-
robic decomposition products, including ethylene, which
are deleterious to plants not adapted to flooded soil [4].
The aerobic organisms typical of well-drained soils are
replaced in flooded soils by anaerobes, primarily bacteria,
which cause de-nitrification and reduction of Mn, Fe, and
S [5].

However, flood tolerance varies greatly with plant
species and genotype, rootstock, age of plants, time and
duration of flooding, and condition of the floodwater
[6-10]. Furthermore, the optimum groundwater table
depth will not only be a function of crop type, but will
also be a function of soil and climatic properties [11].

In general, when a shallow groundwater table exists,
yields of most crops can be related to the depth of the
groundwater table. The yield-groundwater table depth
curves are different for different crops and soils, but their
general shape is the same [12]. For most crops, there ex-
ists some groundwater table depth, at which aeration,
moisture, and nutrients are such that crop yields can be
maximized. When the groundwater table rises above this
threshold, crop yields begin to decline.

Waterlogging, for instance, may reduce root growth of
most woody plants by inhibiting root formation and
branching, growth of existing roots and mycorrhizae and
cause root decay [6,13-15]. Waterlogging may decrease
reproductive growth of crops as it often inhibits flower
bud initiation, anthesis, fruit set, and fruit enlargement in
woody plants. It also induces early abscission of flowers
and fruits® [5]. Also, waterlogging often lowers fruit
quality by reducing fruit size, altering the appearance of
fruit and changing its chemical composition [5]. Grain
yield can meanwhile be affected by groundwater table
depth and waterlogging duration, with the maximum
yield being reached at an average depth of 125 cm, and at
deeper water levels it declined slightly due to shortage of
water [16]. Rice has a reputation that it can tolerate wa-
terlogging and some submergence as paddy rice or deep-
water rice, because of its ability to transport oxygen effi-
ciently from the aerial parts of the plant to the roots [17].
This means that rice, contrary to other major crops, can
generate high yield when grown in waterlogged soil [18].
However, it is not well adapted to several days of sudden
inundation and complete submergence, which could be
fatal and significantly decrease grain yield, particularly
when plants are small [19,20].

Mediterranean coastal plains and lower Delta are ex-
periencing significant seawater intrusion into the aquifers.
Soil salinization is another issue of concern in these areas
due not only to seawater intrusion but also to irrigating

“The extent of the alteration of reproductive growth varies with plant
species and genotype and with the time and duration of flooding.
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using low quality (saline) water, as they are located at the
downstream regions of the system, and inadequate field
drainage [21]. Therefore, it was argued that SLR, in the
Mediterranean, may adversely affect agricultural produc-
tion and water resources in the Mediterranean low-lying
coastal areas, unless measures to protect vulnerable land
or other land management schemes are put in place [22].

The Nile Delta in general and its coastal areas in par-
ticular are already suffering from increasing and saliniz-
ing of groundwater table, with the aquifer being re-
charged by infiltration from a network of irrigation con-
duits and excessive flood irrigation water. It may also be
recharged by flow coming from the Nile Valley aquifer
[21]. It was estimated that a 50 cm rise in the Mediterra-
nean Sea level will cause additional intrusion of 9.0 km
in the Nile Delta aquifer, rendering the Nile Delta aquifer
more endangered under climate change and SLR condi-
tions. Additional pumping will cause serious environ-
mental effects in the case of the Nile Delta aquifer [21].

Sea level rise (SLR) is one of the direct impacts of
climate change, which can have a wide range of implica-
tions on health, tourism, agriculture as well as other
fields. It may, generally, affect agriculture located in
coastal areas in four different ways namely: increased
frequency and magnitude of extreme weather events,
inundation, higher salinity of groundwater, and higher
levels of groundwater table. Such impacts can contribute
to considerable damages in terms of agricultural produc-
tivity and impose certain changes in crop patterns. This
can, on one hand, adversely affect income and employ-
ment opportunities in the agriculture sector and threaten
food security and consequently increase malnutrition in
the area, on the other hand.

It is expected that projected rise in sea level during this
century will have profound impacts on agricultural pro-
duction in the northern areas of the Nile Delta. Such im-
pacts would be ranging between increase inundation risks,
rise in level and salinity of groundwater. This would
consequently cause, depending on crop patterns, signifi-
cant decline over the years in agricultural yields.

Inundation of low lying lands would lead to loss of
such areas, whether they are being used for agricultural
activities, as built-up areas and/or being undeveloped.
The paper in hand is focusing on impacts of SLR induced
higher groundwater table levels on agriculture. Thus,
impact of SLR induced inundation of agricultural land is
out of the scope of this research work?.

The main objective of this study is to estimate the
economic value of potential impacts of higher levels of
groundwater table due to saltwater intrusion associated

2Other impacts of climate change on agricultural yield in the Mediter-
ranean, Which are out of the scope of this study, may include the direct
positive effects of CO? on crops as well as adverse impacts on produc-
tivity caused by shortening of the growing period, with subsequent
negative effects on grain filling [22].
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with expected sea level rise on agriculture productivity in
Damietta Governorate as one of the Nile Delta coastal
governorates. Attaining such an objective entails devel-
oping a methodology with a number of assumptions to
simulate future context.

2. Study Area: Damietta Governorate

Damietta governorate, the study area, is located in the
north eastern part of the Nile Delta covering a total area
of 734 km? with a total population of about 769,000 [23]
and [24]. Administratively, the study area is divided into
two main districts namely; Damietta and KafrSaad,
which are further subdivided into 33 localities. Land use
patterns of the study area reveals dominance of agricul-
tural land in various parts of the study area (Figure 1),
with about two-thirds of the study area representing
about 76,266 acre, is agricultural land [25].

The agriculture sector employs about 54,000 workers,
representing about one-fifth of total labour force. This is
compared to the industrial sector which employed about
one-half of the labour force. The main cropping patterns

in the agricultural land in the study area typically include

different types of crops including for instance; cotton,

wheat, corn, rice, vegetables and fruits [25]. It is worth

mentioning that agricultural activities® in the area already

suffer from a number of problems including:

o Increased levels of salinity/alkalinity

e Rising groundwater table levels.

e High salinity of the mixed Nile irrigation water and
drainage water”.

The major cropping seasons are the winter (extending
from November to May) and the summer (extending
from May to October) seasons. Another marginal season
is the Nili season (early autumn season), named after the
annual Nile flooding, or late summer season (extending
from August to October). The main winter crops are
wheat, barley, Egyptian clover (Berseem), broad beans
and vegetables, and the main summer crops are cotton,
rice and maize [26].

Irrigation water is free, supplied at no cost to the far-
mers, and the typical irrigation practice by Egyptian far-
mers is flood irrigation, these two elements are contri-
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Figure 1. Land use patterns in the study area.

°It is worth mentioning that Damietta governorate development plan (1997-2017) was aiming, among other objectives, to develop the agriculture and
fish production sector so that it would provide additional 17,050 job opportunities by 2017 [27]. However, such a trend could be seen as

over-optimistic, as the sector is already suffering from serious problems.

“The mixing of Nile water with drainage water is practiced widely by farmers at the end of the irrigation canals due to limited fresh water available

for irrigating their land.
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buting to runoff and seepage losses and consequently to
current high groundwater levels.

In the case of the Nile Delta region, no significant
change in meteorological parameters, especially percep-
tion and soil is mainly clay with small patches of sandy
soils close to the coast and that agriculture is irrigated. It
could be argued that these variables, as well as farming
practices, would be expected to have limited effects on
the relationship between crop yield and groundwater ta-
ble level. Moreover, as discussed above, two limiting
groundwater table depths are typically considered: an
upper limit to create a soil that is dry enough for per-
forming farming operations and has a favourable aeration
of the root zone, and a lower limit that is set by the water
requirements of the crop, with an optimum between the
two. For the purpose of this study, and as all cropping
area under consideration is flood irrigated, the upper lim-
it of groundwater table level is the one considered for
this work.

3. Data and Methodology

The study methodology is based the employment of two
models; the first of which is a GIS (Geographic Informa-
tion System)-based hydrological model, calibrated from
current extensive field data was used to project ground-
water table levels at future points of time; in the years
2025, 2050, 2075 and 2100. The second model is a pro-
duction economic model, which is based on the relation-
ships, expressed as regression line, between crop vyield,
for a variety of crops and groundwater table depths. The
estimated change in crop yield (which is the difference
between potential production under current conditions
and production under higher groundwater table levels
induced by sea level rise) was then converted into mone-
tary terms using current market prices.

The GIS first manipulated the raster surfaces
representing hydrologic model to identify and projected
groundwater table depths at field level (Figure 2)°. The
resulted groundwater table depths layers were overlaid
on cultivated land for each crop. The resulting data were
thereafter used to estimate the impacts of expected
groundwater table level on crop productivity, which was
then used to estimate changes in crop yield.

It is worth mentioning that one of the restricting fac-
tors to this analysis was the small landholding in Egypt
as well as the great diversity of crops being planted in
these small landholdings. This deemed the possibility of
having accurate groundwater table level profile for each
crop an impossible task to undertake. Therefore, it was
assumed that:

o Cropping area, of each crop, was fixed over the study
duration, which excludes the effects of urban en-

®It worth mentioning that groundwater table depths projection was
undertaken in collaboration with the Coastal Research institute (CoRl).
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croachment on agriculture land. This could be justi-
fied by the need to focus on the impacts of changes in
groundwater table levels due to SLR.

e Cropping patterns prevailing in the area will not ex-
perience any significant changes in the future®. De-
spite being a strong assumption, it is considered to be
necessary for “before and after analysis”, as it would
allow for estimating the actual cost of changing
groundwater levels induced by SLR without autono-
mous actions by individual farmers.

e Area cultivated by each crop is equally distributed
among various levels of groundwater table, which
means that it is proportionally distributed along vari-
ous groundwater table levels.

4. Results and Discussion

Due to the quite diverse range of crops cultivated in the
study area, a number of which are marginal, it was de-
cided that crops occupying less than 2.00% of the crop-
ping area would not be considered in this study. The re-
maining crops, covered by this study, included seven
winter crops and six summer crops representing about
98.48% and 78.47% of the total cultivated areas in winter
and summer, respectively (Table 1).

It was not possible, in the case of rice and fruit trees,
to estimate the change in crop yield due to projected
groundwater table levels. This is due, in the case of rice,
to crop yield being affected only by waterlogging when
the whole rice plant is submerged (see for instance,
[17-20]). As such data was not possible to acquire, the
extent of change in rice yield due to changes in projected
groundwater table level was not possible to estimate.

Furthermore, despite the presence of extensive litera-
ture on the impacts of high groundwater table levels on
fruit trees, no evidence was found in the literature identi-
fied the causal relationship between fruit trees yield and
groundwater table levels. This was found to be the case
except for the very high levels of groundwater (10 cm or
less), which would lead to fatally injure the trees [28-34].
In the case of impacts of high groundwater table levels,
the economic loss may include the reduced yield as well
as the cost of plant treatment and extra care. The eco-
nomic loss, in the case of fatally injured tree plantation
associated with very high levels of groundwater table
levels, may include the cost of the sapling, the special
efforts devoted to care for the young plants as well as the
lost income for the early years of plantation.

For the remaining crops, numbers representing change
in crop yield associated with different groundwater table
levels were collected from different literature sources

®This implies that no autonomous adaptation options would be under-
taken by the farmers. Though this is a strong assumption but is needed
to estimate the real extent of the effects on agricultural productivity.
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Figure 2. Groundwater table depths current and projected in the year 2100.
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(see Table 2). These numbers were used, through seg-
mented linear regression method, to develop regression
relationship between crop yield and groundwater table
levels. The estimated thresholds and slope parameters for
all relevant crops is shown in Table 2.

Table 1. Crop pattern in winter and summer seasons.

Crop Cultivated area %

Winter crops

Wheat 24.39
Potatoes 2.14
Tomatoes 2.15
Clover 38.05
Beans 2.74
Fruit trees 22.68
Sugar beet 6.32
Total 98.48

Summer crops

Corn 15.42
Sweet potatoes 9.80
Vegetables 3.04
Rice 16.37
Fruit trees 27.63
Potatoes 6.21
Total 78.47

Table 2. Estimated crop yield as a function of groundwater
table levels.

Winter crops

Crop Slope R?
Wheat —297.38 0.994
Potatoes —7.22 0.993
Tomatoes —42.32 0.996
Clover —383.87 0.958
Beans —7.74 0.964
Sugar beet —158.46 0.989

Summer Crops

Crop Slope R?
Corn —414.62 0.985
Sweet potatoes —41.25 0.989
Vegetables —52.93 0.944
Potatoes —32.55 0.996

Sources: [35-37] and [11].
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According to such estimated relationships, accumula-
tive values of present and future crop yield under pro-
jected different groundwater table levels, up to the year
2100 were estimated. The total loss in agricultural yield
due to high levels of groundwater table was estimated as
the difference between potential (under present condi-
tions) and future accumulative yield values.

It was found that accumulative crop yield would ex-
pected to decline from present yield values of L.E. 11.99
and 11.52 billion to 10.25 and 4.69 billion by the year
2100 for winter and summer crops, respectively. Such
decline represents projected decline in crop yield values
of 14.4% and 40.8% for winter and summer crops, re-
spectively (Table 3). The overall decline in crop yield
values due to higher groundwater table levels is esti-
mated to be as much as L.E. 6.43 billion up to year 2100.
It is worth mentioning that, as impacts of higher
groundwater table levels on tree and rice plantation, were
not incorporated in the above estimates, these estimates
represent underestimates of impacts of higher groundwa-
ter table, induced by expected rise in sea level, on agri-
cultural yield in the study area.

It was noted that the decline rate among winter crops
was found to be more varied ranging between 4.1% for
beans and 32.5% for Tomatoes, compared with 19.4%
and 48.4% for corn and potatoes for summer crops, re-
spectively (Table 3).

Yet, according to absolute figure, the decline in the
accumulative yield value up to the year 2100 was highest
in the case of clover, followed by wheat, with a total of
L.E. 1.16 billion, which represents about 76% of the total
decline in the accumulative yield value in all winter
crops up to year 2100 (Figures 3(a) and (b)). This may
be attributed to the large areas cultivated by these two
crops, which represented 62.4% of the total cultivated
land in the study area. Additionally, these two crops
showed the steepest slopes of regression line relationship
between crop yield and groundwater table levels among
all crops, accounting for. Such steep slopes reflect higher
levels of sensitivity to groundwater table levels.

In the case of summer crops, the decline in the accu-
mulative yield value up to the year 2100 was highest in
the case of sweet potatoes and potatoes, with an esti-
mated decline of as much as L.E. 3.966 billion repre-
senting 84% of the total decline in the accumulative yield
value in all summer crops up to year 2100. This may be
explained by the relatively high prices of these two crops
compared to other summer crops. For example, the price
of potatoes was significantly higher compared to other
summer crops studied.

In order to deal with higher groundwater table levels
and salinization, improving efficiency of drainage system
as an adaptation option was studied by Drainage Re-
search Institute. This adaptation option included the con-
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Table 3. Accumulative crop yield estimation at present and projected up to the year 2100.

Crop Accuml(Jll_ég\./;\i/ﬁ :gﬁ)(73urrent Accum?ﬂég.\/;\iﬁlgr?)':uw " Losses (L.E. million)  Loss to current value (%)
Winter
Wheat 2871 2360 511 -17.8
Potatoes 1115 812 303 -27.1
Tomatoes 396 267 129 -32.5
Clover 5396 4747 649 -12.0
Beans 219 210 9 -4.1
Sugar beet 1994 1863 131 —6.6
Sub-total 11,991 10,259 1732 -14.4
Summer
Corn 2228 1796 432 -19.4
Sweet potatoes 5215 2874 2341 —44.9
Potatoes 3357 1732 1625 —48.4
Vegetables 720 422 298 -41.5
Sub-total 11520 6824 4696 -40.8
Overall total 23,511 17,083 6428 -27.60

Wheat Potatoes Tomatoes Clover Beans Sugarbect

B

(a) Winter crops

Sweet
potatoes Potatoes Vegetables

(b) Summer crops

Figure 3. Proportional accumulative loss to current value of crops yield up to the year 2100.

Current exchange rate of L.E. is L.E.1 = US$ 0.143
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struction of a subsurface drainage system in the area as
well as upgrading drainage water pumping stations to
meet expected increased drainage inflow. The costs of
implementing such an adaptation option, at current price
levels, ranged between L.E. 91.4 and 101.0 million for
dredging and installation of subsurface drainage system.
There is also the cost of upgrading drainage pumping
station, which was estimated to be about L.E. 190.8 mil-
lion [38].

This means that costs of adaptation, in the case of con-
structing subsurface drainage system along with upgrad-
ing drainage water pumping stations, represent about 4.5%
of the accumulative potential damage to agricultural
productivity up to the year 2100.

5. Conclusions

Agricultural activities are expected to be considerably
affected by higher levels of groundwater table induced
by sea level rise. Based on projected levels of ground-
water table at various points of time in the future, future
accumulative crop yield was estimated, using segmented
linear regression up to the year 2100. The overall decline
in crop yield values due to higher levels of groundwater
table was projected to be as much as L.E. 6.43 billion up
to the year 2100.

It should be stated that the figures presented above of
projected decline in crop yield up to the year 2100 are
underestimates of the potential decline in agricultural
yield in the study area. This is because they do not take
into account the decline in the crop yield in the case of
rice of fruit trees.

Furthermore, the economic effects of such decline in
crop yield does not capture the indirect effects of such a
decline in terms of loss in income and job opportunities
in the agricultural sector and related activities (e.g.
transportation and trading). Also, it is worth mentioning
that sharp decline in some crop yields may lead farmers
to abandon growing such crops and go for more resistant
crops to high groundwater table levels. This could re-
present a problem in case the abandoned crops are con-
sidered to be essential for food security in Egypt.

As for potential adaptation of redesigning and upgrad-
ing existing drainage system, it was found that it may
represent an economically feasible option.
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