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Drought in Syria

DROUGHT VULNERABILITY IN THE ARAB REGION

Case Study- Drought in Syria

Ten Years of Scarce Water (2000 — 2010)

Droughts have been a part of our environment since the beginning of recorded history, and
humanity’s survival may be testimony only to its capacity to endure this climatic phenomenon.
Drought is considered by many to be the most complex but least understood of all natural

hazards, affecting more people than any other hazard (Hagman 1984).
A. Drought: Definitions and Types

Drought is the consequence of a natural reduction in the amount of precipitation over
extended period of time, usually a season or more in length, often associated with other climatic
factors (such as high temperatures, high winds and low relative humidity) that can aggravate
the severity of the event, (Sivakumar, 2005). It is a normal event that takes place in almost
every climate on Earth, even the rainy ones. Drought manifestation varies from region to region
and therefore a global definition is a difficult task e.g. Drought is a recurring extreme climate
event over land characterized by below-normal precipitation over a period of months to years.
Drought is a temporary dry period, in contrast to the permanent aridity in arid areas. Drought
occurs over most parts of the world, even in wet and humid regions. This is because drought
is defined as a dry spell relative to its local normal condition. On the other hand, arid areas are
prone to drought because their rainfall amount critically depends on a few rainfall events, (Sun
et al 2006). One might define drought in Libya as occurring when annual rainfall is less than
180 mm, if less than 2.5 mm of rainfall in 48 hours in USA, about 15 consecutive days with
daily precipitation totals of less than 25 mm in GB, actual seasonal rainfall deficient by more
than twice the mean deviation in India, but in Indonesia, Bali drought might be considered to

occur after a period of only 6 days without rain, (Ragab, 2005).

Generally there are three types of conditions that are referred to as drought, Meteorological
drought is brought about when there is a prolonged period with below average precipitation;
Agricultural drought is brought about when there is insufficient moisture for average crop or
range production, this condition can arise, even in times of average precipitation, due to soil
conditions or agricultural techniques; and Hydrologic drought is brought about when the water

reserves available in sources such as aquifers, lakes and reservoirs falls below the statistical
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average, this condition can arise even in times of average (or above average) precipitation, when
increased usage of water diminishes the reserves,American Meteorological Society (AMS 1997).
(Wilhite, 2000 and Sivakumar, 2005). A lack of precipitation often triggers agricultural and
hydrological droughts, but other factors, including more intense but less frequent precipitation,
poor water management, and erosion, can also cause or enhance these droughts. For example,
overgrazing led to elevated erosion and dust storms that amplified the Dust Bowl drought of the
1930s over the Great Plains in North America, (Cook et al 2009).

B. Drought: Negative Affects

Drought is the most complex of all natural hazards as it affects more people than any
other hazard, According to EM/DAT data quoted in the World Disaster Report (2007), about
2.63 million people were affected by Hydro-metrological disasters globally during the
period (1997-2006), about 41.82% are affected by drought, 38.87% of them were affected
during the year 2002 During 1997/2006, hydro-metrological disasters caused an estimated
damage of US$ 66.8 billion per year on average out of this 4.62% caused by drought. Average
number of people reported killed by drought in million per year are, Asia (81.11), Africa
(26.69), Americas (2.57), Europe (0.14). The effects of droughts are seriously worsened by
human factors such as population growth that forces people into drier and drier regions and
inappropriate cropping and herding practices. The impacts of drought are likely to become
ever more severe as a result of development processes and population increases (Squires
2001).Droughts often stimulate sequences of actions and reactions leading to long-term land
degradation, figure (1), after ( Erian 2010) .
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Figure 1. Drought Impacts on increasing Extreme Events and Desertification, after Erian 2010
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The most prolonged and widespread droughts occurred in 1973 and 1984, when almost all
the African countries were affected, and in 1992 all southern African countries experienced
extreme food shortages. Rainfall has declined by up to 30% in the last 40 years and the Sahara
is currently advancing at over a mile per year. The potential for conflict over disappearing
pasture and evaporating water holes is huge. The southern Nuba tribe have warned they could
restart the half-century war between North and South Sudan because Arab nomads (pushed into
their territory by drought) are cutting down trees to feed their camels. Agricultural economist
Marshall Burke of the University of California, Berkeley and his colleagues have analyzed the
history of conflict in sub-Saharan Africa between 1980 and 2002 in a new paper in Proceedings
of the National Academy of Sciences. “We find that civil wars were much more likely to happen
in warmer-than-average years, with one degree Celsius warmer temperatures in a given
year associated with a 50 percent higher likelihood of conflict in that year,” Burke says. The
implication: because average temperatures may warm by at least one degree C by 2030, “climate
change could increase the incidences of African civil war by 55 percent by 2030, and this could

result in about 390,000 additional battle deaths if future wars are as deadly as recent wars.”

C. Drought in West Asia/North Africa (WANA) region

The West Asia/North Africa (WANA) region is highly vulnerable to natural disasters, and
is increasingly bearing greater social and economic losses due to natural disaster events. Over
the last decades, the region is facing increasing number of disaster events and exponentially
growing economic loss resulting from these disasters. Over the last twenty-five years the
region faced 276 disaster events, killing 100,000, affecting 10 million and rendering nearly
1.5 million people homeless. More than 40% of these natural disasters occurred in the last
five years, Increasing frequency and intensity of natural disasters pose serious challenge to
the sustainability of development investments and the stability of economic growth in the
region.

Drought is considered the major disaster occurring in the Arab region, where, the total people
affected between the years 1970-2009, by drought is of about 38.09 million, (Abu Swaireh, 2009).
The Global Assessment Report included Mauritania, Sudan and Comoros Islands as countries
exposed to drought hazard. Some countries of the region are also economically vulnerable to
natural hazards, (GAR, 2009), Syria could be considered one of the most economically affected
countries by drought.

Most of the Arab counties in both West Asia and North Africa (WANA Region) falls within
the Hyper arid, arid and semi arid zones receiving average rainfall of up to 400mm with a
winter growing season of 60-120 days; the dry lands support the livelihoods of 60% of the total
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population living in WANA region, the region is subject to frequent droughts agriculture is a
major and sensitive sector of the economy, consumes most of the water resources, rainfed crops
strongly affected by precipitation fluctuations; rainfed areas that receive an annual amount of
rainfall range between 120/150 — 400 mm are considered vulnerable areas to drought, (Erian
et al, 2006). In Sudan, areas were crops depend on monsoon season for replenish their water

requirements, the rainfed agriculture uncertainty increased within the annual amount range of
rainfall that vary between 200 - 550 mm, (ACSAD, 2008).

The patterns shown in figure (2) are consistent with published regional analyses of projected
aridity changes in the 21st century, often by a smaller number of models than used here. These
include decreases in precipitation-minus-evaporation over southwestern North America, Seager
(2007) and Mexico, Seager (2009), stream flow decreases over most of (except northern)
Europe, Feyen and Dankers, (2008), increases in drought frequencies over most of Australia,
Mpelasoka et al (2008), It is also broadly consistent with the trends in model-simulated soil
moisture, Wang et al (2005) and Sheffield et al (2008), and the PDSI pm trends of Burke
et al.(2006) and (Burke and Brown.2008). The quantitative interpretation of the PDSI values
requires caution because many of the PDSI values, which are calibrated to the 1950-1979
model climate, are well out of the range for the current climate, based on which the PDSI was
designed. Nevertheless, figure (2), together with all the other studies cited above, suggests
that drought may become so widespread and so severe in the coming decades that current
drought indices may no longer work properly in quantifying future drought (Dai 2010). The
mean annual self-calibrating Palmer Drought Severity Index Penman—Monteith method (sc-
PDSI pm), Wells et al. (2004), for years (a) 1950-1959, (b) 1975-1984, (c) 2000-2009, (d)
2030-2039, (e) 2060-2069, and (f) 2090-2099 calculated using the 22-model ensemble-mean
surface air temperature, precipitation, humidity, net radiation, and wind speed used in the IPCC
AR4 from the 20th century and SRES A1B 21st century simulations.128 Red to pink areas are
extremely dry (severe drought) conditions while blue colors indicate wet areas relative to the
1950-1979 mean, (Dai 2010).
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Figure 2. Projected aridity changes in the 21st century.

D: Drought Monitoring Methodology

Two important trends in drought management could be considered: (1) improved drought
monitoring tools and early warning systems EWSs and (2) an increased emphasis on drought
preparedness and mitigation. Effective drought EWSs is an integral part of efforts worldwide to

improve drought preparedness, activities of regional centers, (Wilhite 2005).

The need for proper quantification of drought impacts and monitoring and reporting of
drought development is of critical importance. The ability of many countries to deal with
droughts is constrained by the absence of reliable data, weak information networks as well as
the lack of technical and institutional capacities. Country like Syria is just beginning to establish
relevant drought monitoring and management procedures and institutions. But existing drought

monitoring and declaration procedures lag behind the development of drought events.
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Traditional methods of drought assessment and monitoring rely on rainfall data, which are
limited, often inaccurate and, most importantly, difficult to obtain in near-real time. In contrast,
the satellite-sensor data are consistently available and can be used to detect the onset of drought,
its duration and magnitude (Thiruvengadachari and Gopalkrishna 1993). Even crop yields
can be predicted 5 to 13 weeks prior to harvests using remote-sensing techniques (Ungani
and Kogan 1998). Vegetative conditions over the world are reported occasionally by NOAA
National Environmental Satellite Data and Information System (NESDIS) using the Advanced
Very High Resolution Radiometer (AVHRR) data (Kogan 2000).

Drought indicators can be derived for any world region using these data, but the
characteristic spatial resolution of 1km (at which well-calibrated long-term historical data are
freely available), is likely to be moderate for effective drought monitoring at small scales (a
district or a village). A successor to AVHRR is the Moderate-Resolution Imaging Spectrometer
(MODIS), an advanced narrowband-width sensor, from which composited reflectance data
are made available at no cost every 8 days by NASA and USGS, through the Earth Resources
Observation Systems (EROS) data center (Justice and Townshend 2002). Raw images are
available on a daily basis, but their use involves considerable extra processing. Time series
of MODIS imagery provide nearreal-time, continuous and relatively high-resolution data,
on which the assessment of drought development and severity in a country or a region with
scarce and inaccurate on-the-ground meteorological observations (like Syria and most Arab

countries) could be based.

Several drought indicators have been used, after, Thenkabail et al (2004) and European

Commission (2006), such as:

The Normalized Difference Vegetation Index NDVI = (ANIR — Ared) / (ANIR + Ared)
e The Normalized Difference Water Index NDWI = (p NIR — p SWIR)/( p NIR + p SWIR)
e Standardize Precipitation Index SPI
e Vegetation Condition Index VCI = (NDVI — NDVI min)/(NDVI max- NDVI min) x 100
e Temperature Condition Index TCI= (BT max — BT)/(BT max- BT min)*100
Where, BT is the brightness temperature (MODIS LST)
e Vegetation Healthy Index VHI = VCI x 0.5 + TCI X 0.5
e Soil Moisture SM

The Vegetation Healthy Index (VHI) has been classified for each winter season’s months for the

years from 2000 till 2010. to illustrate the seasonal drought spatial variability to four classes.
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The drought grouping classification system is as follow:

Group (1), very slight impacts of drought, where the VHI is more than 40% through
6 to 7 months during the winter season, and 5 to 6 months during summer season in

monsoon arcas.

Group (2), slight impacts of drought, where the VHI is more than 40% through 5 months
including October and November in the beginning of the season and March and April
months during the winter season. The VHI must not be less than 40% for one month
during summer season in monsoon areas, and VHI is more than 40% through 3 from

July to September.

Group (3), Moderate impacts of drought, where the VHI is more than 40% through 5
months including October and November in the beginning of the season and March and
April months during the winter season. The VHI must not be less than 40% for one or
two months during the winter season, and where the VHI is less than 40% through most

months during summer season in monsoon areas including August or September.

Group (4), Sever impacts of drought, didn’t fulfill any of the above mentioned conditions
and the VHI is less than 40% for more most of the months.

For better understanding the drought within the Arab region, its severity, distribution and
impacts, the Arab Center for the Studies of Arid Zones and Dry Lands (ACSAD) took the

initiatives in cooperation with GTZ and the National Center of Remote Sensing in Lebanon

(NCRYS) for establishing their Regional/National drought monitoring system based on the most

recent applications of remote sensing. The images source from MODIS NDVI 1 km, 250m;
MODIS LST (8 days) and SPOT vegetation 1 km.

Finally, the identification of the most vulnerable areas for drought in the Arab region required

three main steps to be followed,

a) Producing drought frequency for each pixel, where the number of drought years occurred

for each pixel is estimated out of the 10 studied seasons.

b) Consecutive drought Period in ten seasons were also estimated for showing the length of

each drought cycles, and

¢) The crossing between the “drought frequency map” with the “drought length map” allowed

the production of the “vulnerability map”.
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E. Drought Vulnerability in the Arab Region (2000 —2010)

The study of the drought frequency in the Arab Region as shown in figure (3), illustrate the

following results:

e An area of about 348 million ha (that represent 25.64% of the total area of Arab region)

was a subject to drought for less than 2 years out of 10 years ,

e An area of about 509 million ha (that represent 37.57% of the total area of Arab region)

was a subject to drought for 2 - 4 years out of 10 years

e An area of about 291 million ha (that represent 21.48% of the total area of Arab region)

was a subject to drought for 4 - 6 years out of 10 years

e An area of about 162 million ha (that represent 11.92% of the total area of Arab region)

was a subject to drought for 6 - 8 years out of 10 years, and

e An area of about 46 million ha (that represent 3.39% of the total area of Arab region)

was a subject to drought for more than8 years out of 10 years

Drought Frequency in 10 Years
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Figure 3 Drought Frequency during the Agriculture Seasons 2000 - 2010
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The study of the consecutive drought period in ten years is shown in figure (4), the results

illustrate the following:

An area of about 847.41 million ha (that represent 62.43 % of the total area of Arab

region) is a subject to consecutive drought for less than 3 years out of 10 years ,

An area of about 284.16 million ha (that represent 20.94 % of the total area of Arab

region) was a subject to drought for 3 years out of 10 years ,

An area of about 84.39 million ha (that represent 6.22 % of the total area of Arab region)

was a subject to drought for 4 years out of 10 years

An area of about 49.22 million ha (that represent 3.63 % of the total area of Arab region)

was a subject to drought for 5 years out of 10 years

An area of about 32.44 million ha (that represent 2.39 % of the total area of Arab region)

was a subject to drought for 6 years out of 10 years,

An area of about 15.75 million ha (that represent 1.16 % of the total area of Arab region)

was a subject to drought for 7 years out of 10 years, and

An area of about 43.95 million ha (that represent 3.24 % of the total area of Arab region)

was a subject to drought for more than8 years out of 10 years

1M1 —
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Concecutive Drought Period in 10 Years
2000 - 2010
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Figure 4 Drought Consecutive during the Agriculture Seasons 2000 - 2010

Finally, Areas that are vulnerable for drought could be obtained as a result of the crossing
between drought frequency map with consecutive drought map period in ten Years. The
vulnerability to drought in Arab region as shown in table (1) and figure (5) illustrate the

vulnerability to drought as follows:
e Anarea of about 936.79 million ha (that represent 69.1% of the total area of Arab region)
is not vulnerable to drought ,

e An area of about 195.88 million ha (that represent 14.45 % of the total area of Arab

region) is low vulnerable to drought,

e An area of about 148.92 million ha (that represent 10.98% of the total area of Arab region)

is moderately vulnerable to drought, and
e An area of about 74.16 million ha (that represent 5.47 % of the total area of Arab region)
is highly vulnerable to drought.

Accordingly, we could say that Arab countries under serious drought vulnerability are Syria

(north eastern area), Sudan (southern area), Tunisia (northern area), Algeria (northern area)

— 12
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Morocco (northern area), Somalia (north eastern area), Iraq (north eastern area), and Saudi

Arabian (north eastern area).

In fact drought is extremely serious problem in the Arab region, and will increase causing
serious threat, keeping in mind that all Arab countries are suffering from fragility of their
ecosystems, and facing severe risks of depletion of soil, vegetation, and water resources on
daily basis. This is coupled with a population increase within this region rushing at scary rates

further increase stresses on natural resources.

The drought vulnerable areas in the Arab region are highly populated and the estimated
number of people in the Arab region under high stress from drought vulnerability is of about
54.69 million people and people under moderately vulnerable to drought is of about 91.3 million

people.

13 —
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Table (1). Areas within Arab Countries vulnerable to drought.

Country Areain Km? | HIGH MOD LOW NO
Algeria 2,381,741 4.53% 7.11% 9.62% 78.74%
Libya 1,759,540 0.55% 1.66% 6.07% 91.72%
Mauritania 1,030,700 1.42% 5.41% 13.27% 79.90%
Morocco 712,550 7.79% 17.51% 29.75% 44.95%
Tunisia 163,610 9.82% 27.52% 14.55% 48.10%
Arab Maghreb 6,048,141 3.37% 7.01% 11.71% 77.90%
Djibouti 23,200 11.73% 14.58% 23.97% 49.72%
Egypt 1,001,450 0.43% 1.61% 7.71% 90.24%
Somalia 637,657 7.37% 47.28% 25.14% 20.21%
Sudan 2,505,813 10.02% 11.70% 17.72% 60.56%
Central Region 4,168,120 7.32% 14.73% 16.49% 61.46%
Iraq 438317 21.00% 31.47% 20.86% 26.68%
Jordan 89,342 2.69% 8.56% 14.15% 74.60%
Lebanon 10,400 17.13% 25.67% 16.45% 40.75%
Syria 185,180 26.69% 36.96% 14.58% 21.76%
Palestine Authority | 6,220 8.72% 36.85% 14.69% 39.74%
Arab Mashreq 729459 20.04% 30.02% 18.33% 31.61%
Bahrain 741 - - - -
Kuwait 17,818 11.46% 43.03% 27.79% 17.72%
Oman 309,500 0.68% 2.67% 11.92% 84.73%
Qatar 11,586 0.00% 40.48% 27.00% 32.52%
Saudi Arabia 2,149,690 2.91% 7.85% 17.13% 72.11%
UAE 83,600 0.99% 2.75% 11.75% 84.51%
Yemen 527,968 5.24% 9.73% 13.52% 71.51%
Arabian Peninsula 3,100,903 3.07% 7.84% 15.95% 73.14%
TOTAL 14,046,623 5.34% 10.68% 14.41% 69.57%
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Vulenrability to Drought
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Figure 5 Drought Vulnerability during the Agriculture Seasons 2000 - 2010

F. Drought in Syria (2000 — 2010)

Droughts are recurring climatic events, which often hit Syria, bringing significant water
shortages, economic losses and adverse social consequences. In the last 10 years, increasing
population has added to the growing demand for water and other natural resources in Syria.
The latest drought in South Asia (2007-2009) affected more than 1 million people, with severe
impacts felt in Al-Hasakah, Ar-Raqqah, Aleppo or Halab, and Dier ez-Zor Governerates, socio-
economic instability, Health problems, food insecurity and migration have further exacerbated
the effects of drought.

The magnitude of the annual vegetation cycle in Syria as shown in figure (6,a and b), where
the yellow color represent the agriculture areas, these areas represent 22.34 % of the total Syria
Lands According to Nashawatii, (2010) and according to ESA (2009) regional land cover map
that has been calculated for the years 2004 — 2006 , the rainfed agriculture areas represent 71%
of the total agriculture lands in Syria.
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Figure 6. (a Left Magnitude map, b) Land Cover Map

The rainfall represents 68.5% of the available water sources in Syria, due to drought the deficit
in available water has been estimated of about 651 million M? during the years 1995-2005, and
still increasing, that has its impact on the rainfed agriculture areas The vegetation cover in most
of those areas suffered from drought, rainfall variability within the agriculture season and total
amount, (Nashawatii, 2010). During the 2009/10 growing season, rainfall conditions have been
extremely mixed with the most favorable accumulations occurring in western and northwestern
regions. Southern, southeastern and northeastern regions all suffered continuing drought
conditions and well-below normal rainfall. The provinces primarily affected by poor rainfall
included the top four wheat producers which account for 75 percent of total wheat production in
Syria (Al-Hasakah, Ar-Raqqah, Aleppo or Halab, and Dier ez-Zor). Rainfed wheat area in these
provinces normally amounts to more than 800,000 hectares, and is extremely reliant on timely
rainfall during the growing season. Favorable rainfall in April and May are typically critical to
successful growing seasons, and this year non-irrigated crops were already failing in late March.

April rainfall was extremely low throughout northern and northeastern wheat regions this year,

causing even greater moisture stress and decimating crop yield potential, (USDA, 2010).
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F.1. Drought Monitoring in Syria:

The Standardized Precipitation Index (SPI) can be determined relatively easily as it is based
on precipitation totals alone but this is also its main weakness; the index does not take into
account differences in evaporative demand or soil moisture storage (McKee, et al 1993 and
Edwards et al 1997). The SPI for the middle east has been studied by Gobel and De Pauw
(2010), “the results as shown in figures (7 and 8) illustrate that the following:
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e Over the last century the SPI has dropped by around 0.5 to 1 points.

e With the exception of a part of Iraq, the entire region has negative trends of annual SPI and
annual precipitation. This can be seen from the coefficients of correlation between time and

SPI or between time and precipitation.

e In all but the most humid areas along the coast of the Mediterranean Sea, this negative trend

is highly significant as shown by the probability levels of the t-tests.

e Thelow values of the coefficients of determination are due to the high inter-annual variability
of precipitation overlying the small, but — due to the long observation period — significant
trends.

e the relative changes of precipitation, might be misled to assume that Egypt were the country
most affected by the negative trend of precipitation, but the absolute decrease there has been

very small due to the very low levels of precipitation in the desert areas.

e The countries most affected by the decrease have been Jordan, Syria, and, to a lesser degree,

Lebanon and Palestine. This negative trend of precipitation during the past century is of
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a similar magnitude as that predicted by most of the Global Circulation Models for the

Mediterranean Region in the coming decades.

This suggests that forces of climate change have been active in the region since at least a

century and that human activity is only exacerbating an already existing trend.

The major outcomes of ACSAD drought analyses in Syria could be presented as follows:

1.

The Vegetation Healthy Index (VHI) as drought index has been calculated for all the winter
season’s months for the years from 2000 till 2010. The analysis illustrated the drought
variability spatial distribution in time and space. The main drought classes are as follows:
Extremely drought (< 10%), V. High Drought (2010- %), Moderately Drought (3020%-),
Slightly Drought (4030%-), and Not affected (> 40%). The distribution for three different
seasons 03/04, 07/08 and 09/10 have been shown in figure (9) for illustration. The agriculture
season 03/04 was better than season 09/10 and season 07/08 was the worst among all studied
seasons. The season 07/08 is considered to be one of the worst droughts in devastated crops
in Syria, The drought frequency increased during the last 10 years, and the rainfall as total
and variability have shown negative impact on yield for most of the years. The rainfall was
not enough to satisfy the water requirements of the cereal crops, beside half of the animal
population in the steppe areas has been died or get read of due to the continues drought
cycles. As a consequence of the agriculture drought the population immigration increased

from the northwestern part of Syria and from Syrian steppe to Urban causing high pressure

on the services and stability of those communities, (Erian, 2010 and Nashawatii, 2010).
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Figure 9 . Monthly Vegetation Healthy Index (VHI), for the Winter Seasons 03/04, 07/08 & 09/10

The drought maps that resulted from the grouping classification system are shown in figure
(10) and (table 2). The drought areas distribution as percentage are shown in (figure 11).
These maps illustrate that during 7 to 8 seasons, drought had a negative impact on the crop
lands and the Syrian steppe. The significant improvement in crop vegetation in Northwestern
provinces during the seasons 03/04 and 09/10 following unusually as previously beneficial
winter and spring rainfall. At this time last season (09/10) severe drought gripped the vast
majority of Syria’s grain producing provinces, causing an estimated 48 percent decline in
national wheat production. crop vegetative development in the drought areas is well-below

normal, (USDA, 2010). Though the declines in vegetative vigor are not as severe as last year,
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they indicate that only a modest recovery in wheat production is to be expected. Harvest
activities normally begin in June, with crops reaching their maximum biomass in late April.
This year, however, the majority of rainfed wheat crops began to wither in late March, some
7-8 weeks early. This is indicative of severe drought stress, resulting in substantial crop yield
losses if not total crop failure. Given the mixed crop conditions across Syria. Accordingly,
USDA (2010) estimates 2009/10 wheat production at 3.0 million tons, up 0.9 million or 44

percent from last year but down approximately 30 percent from the 5-year average.

VEGETATION HALTH INDEX
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Figure 10. Annual Vegetation Healthy Index (VHI), for the Winter Seasons 00/01 - 09/10
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Table 2. Annual Vegetation Healthy Index (VHI), for the Winter Seasons 2000/2001 - 2009/2010

year | 2000/2001 | 2001/2002 | 2002/2003 | 2003/2004 | 2004/2005 | 2005/2006 | 2006/2007 | 2007/2008

Area Area Area Area Area Area Area Area

Drought
Effect | Million | ,, | Million| ,, | Million| ,, | Million| ,, |Million| ,, |Million| o, |Million| ,, |Million| ,
Ha i Ha 0 Ha 0 Ha % Ha % Ha % Ha % Ha %
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Figure 11. Annual Vegetation Healthy Index (VHI) Percentages, for the Winter Seasons 00 /01 - 09/10

2. The identification of the most vulnerable areas for drought in Syria three main steps
were followed, (a) studying drought frequency for each pixel, (b) Consecutive Drought Period
in ten Years, and (c) crossing the drought frequency map with the drought length map and

produce vulnerability map.
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2.1. Studying Drought Frequency.

The study of the drought frequency in Syria as shown in figure (12), illustrate the following

results:

An area of about 1.54 million ha (that represent 8.33% of the total area of Syria) was a

subject to drought for less than 2 years out of 10 years ,

An area of about 6.67 million ha (that represent 36.05% of the total area of Syria) was a
subject to drought for 2 - 4 years out of 10 years ,

An area of about 7.56 million ha (that represent 40.88% of the total area of Syria) was a
subject to drought for 4 - 6 years out of 10 years

An area of about 2.5 million ha (that represent 13.49% of the total area of Syria) was a

subject to drought for 6 - § years out of 10 years, and

An area of about 0.23 million ha (that represent 1.25% of the total area of Syria) was a

subject to drought for more than8 years out of 10 years.

Drought Frequency in 10 Years
2000- 2010

Figure 12. Drought Frequency in Ten Years
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2.2.

Studying Consecutive Drought Period in ten Years.

The study of the consecutive drought period in ten years is shown in figure (13), the results

illustrate the following:

An area of about 11.29 million ha (that represent 61.03 % of the total area of Syria) is a

subject to consecutive drought for less than 3 years out of 10 years ,

An area of about 4.03 million ha (that represent 21.8 % of the total area of Syria) was a

subject to drought for 3 years out of 10 years ,

An area of about 0.98 million ha (that represent 5.3 % of the total area of Syria) was a

subject to drought for 4 years out of 10 years

An area of about 1.35 million ha (that represent 7.32 % of the total area of Syria) was a

subject to drought for 5 years out of 10 years

An area of about 0.64 million ha (that represent 3.49 % of the total area of Syria) was a
subject to drought for 6 years out of 10 years

An area of about 0.04 million ha (that represent 1.35 % of the total area of Syria) was a
subject to drought for 7 years out of 10 years, and

An area of about 0.15 million ha (that represent 0.83 % of the total area of Syria) was a

subject to drought for more than§ years out of 10 years

The spatial distribution of the drought frequency shown that the most affected farming regions

are southwestern and northeastern of the country, especially the northeastern governorate of
Hassakeh.
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Concecutive Drought Period in 10 Years

2000 - 2010
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Figure 13 Consecutive Drought Period in Ten Years.

2.3. Vulnerable for Drought

Areas that are vulnerable for drought could be obtained as a result of the crossing between

the drought frequency map with the consecutive drought period in ten Years.

The vulnerability to drought in Syria as shown in figure (14), illustrate the following

results:

An area of about 12.20 million ha (that represent 65.92% of the total area of Syria) is not

vulnerable to drought ,

An area of about 3.6 million ha (that represent 19.4% of the total area of Syria) is low

vulnerable to drought ,

An area of about 1.92 million ha (that represent 10.4 % of the total area of Syria) is

moderately vulnerable to drought, and

An area of about 0.8 million ha (that represent 4.25 % of the total area of Syria) is highly

vulnerable to drought.
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Most of the vulnerable areas are considered important areas for crop production in Syria. The

spatial distribution of the vulnerability to drought shown that farming regions at south-western

and north-eastern parts of the country are mostly affected, especially in Hassakeh governorate.
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Figure 14. Vulnerable for Drought.
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F.2 Drought hits Syria badly

Rainfall in eastern Syria fell to 30 percent of the annual average in 2008 — the worst drought
for 40 years —and al-Khabour, a main tributary of the River Euphrates, dried up. With Syria’s
population expected to triple by 2025, the severity of the drought presents yet another challenge
for sustainable development and vulnerabilities in Syria. Drought hits Syria badly and the direct
and indirect impacts could be illustrated as follows:

- Drought Challenges facing food security and agriculture

The country’s agriculture sector, which until recently employed 40 percent of Syria’s
workforce and accounted for 25 percent of gross domestic product, has been hit badly, but
farmers themselves are worst affected Poor and erratic rainfall since October 2007 has caused
the worst drought to strike Syria in four decades. Approximately one million people are severely
affected and food insecure, particularly in rainfed areas of the northeast — home to Syria’s most

vulnerable, agriculture-dependant families.

Since the 2007/2008 agriculture season, nearly 75 percent of these households suffered total
crop failureDepleted vegetation in pastures and the exhaustion of feed reserves have forced
many herders to sell their livestock at between 60 and 70 percent below cost. Syria’s drought
break point was the season 07/08 which extended for two more seasons, affecting farming
regions in the Middle north, Southwestern and Northeastern of the country, especially the

northeastern governorate of Al Hassakeh.
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Wheat and barley yields have dropped by 47 and 67 percent, respectively, Wheat production
in non-irrigated areas dropped by 82 percent as compared to the previous years, as shown in
figure (15) after, Katana (2011). drastically reducing the ability of families to meet daily food
requirements. The country’s emergency wheat stocks have been exhausted. Lack of income,
furthered by the necessity to sell off livelihood assets to afford basic needs, is increasing the risk

of vulnerable households to fall into permanent destitution.
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Figurel5. Wheat Production in Syria and NE Governorates

Syria’s estimated livestock stands at 14-16 million. But it is only that low because many
died during the drought. Prior to this the national herd stood at around 21 million. In Al
Hassakeh. Governorate the number of small animals dropped from 7 million to 1.7 million,
as shown in (figure 16) after, Katana (2011). At the meantime areas covered by native plants

like, Peganum harmala and Haloxylon salicornicum which, considered being indicators for

land degradation were increased.
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Figure 16. Number of Small animals in Syria and NE Governorates.

Without assistance, families will continue to resort to harmful coping strategies, such
as reducing their food intake, selling essential assets and migration. Inaction will further
deteriorate the livelihoods and self-reliance of vulnerable households and prolong the need
for costly relief, such as food aid. The World Food Programme (WFP) had begun distributing
food rations to 190,000 people in the eastern provinces of Hassakah, Deir al-Zor and Raqqa,
but another 110,000 people also required emergency food aid. In addition, the WFP will
start distributing supplementary feeding rations to children under five, and to pregnant and
nursing mothers in Al-Shadadi district of Al-Hassakeh, one of the worst-affected areas with

the highest rate of migration and school closures.
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- Drought driving farmers to the cities

The drought is causing a high drop-out rate, families left in the area who cannot afford, or do
not want, to move are suffering. Some figures estimated the people lifted their villages to be more
than one million people. Thousands of Syrian farming families have been forced to move to cities
in search of alternative work after two years of drought and failed crops followed a number of
unproductive years. The field survey that conducted by ACSAD/MoLA/UNDP in January 2011
showed that most of the houses on villages are left empty and less than 10% are occupied by old
people and children, The younger generations left for thousands of kilometers seeking work.
Many young men left to Lebanon or Jordon as workers in sectors of construction or agriculture.
Women left to work in the western part of the country, for packing vegetables in “Tartous” green
houses. From the Social point of view families’ member were separated, and divorce, second

marriages and economical and sexual up-used have been increased among them.

- Drought increases Land susceptible to desertification

According to ACSAD (2009) regional early warning for desertification, 68% of Syria is
susceptible to desertification, (figure 17). Syria’s drought over the past three years and its
increasing desertification is due to a combination of man-made and natural factors the sum of
the climatic, biological and human factors which lead to the degradation of the physical, and
endanger biodiversity and the survival of human communities. Flora and fauna species that lose

their natural habitat can become extinct.
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Figure 17.The land degradation map of Syria.

G. Drought Managements

The traditional approach to drought management has been reactive, relying largely on crisis
management. This approach has been ineffective because response is untimely, poorly
coordinated, and poorly targeted to drought stricken groups or areas, (Wilhite 2005).

He added that two important trends in drought management could be considered: (1) improved
drought monitoring tools and early warning systems EWSs and (2) an increased emphasis on
drought preparedness and mitigation.

Eftective drought EW Ssare anintegral part of efforts worldwide to improve drought preparedness,
activities of regional centers in eastern and southern Africa and efforts in WANA are increasing,
but not enough. An Expert group meeting on EWSs sponsored by WMO and others, Wilhite
et al, (2000) summarized the outcome the shortcoming on the following areas: lack of data
networks on all major climate and water supply parameters; inadequate data sharing and high
cost of data limits the application of data in drought preparedness, mitigation and response;
EWSs products are not user friendly; inadequate indices for detecting the early onset and end
of drought; no historical drought data base exists. It is well known that drought policy has been
adapted in Australia since 1992, it has three objectives: (1) to encourage primary products
and other sections of rural Australia to adapt self-reliant approaches to managing for climatic
variability; (2) to maintain and protect Australia’s agricultural and environmental resource base
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during periods of extreme climate stress; and (3) to ensure early recovery of agricultural and
rural industries, consistent with long-term sustainable goals, (O’Meagher et al 2000).

In India, Syria, and in the Arab Center for The Studies of Arid Zones and Dry Lands ACSAD,
major research efforts on improving the productivity of rainfed areas with focus on reducing the
adverse effects of drought have been underway for at least 2-3 decades including improving and
introducing appropriate crops, improved varieties and new varieties of cereal that are tolerant
to drought and heat; improving conservation of soil and water increasing areas of conservation
agriculture, improving water efficiency and improvement in terms of living conditions of the rural
areas who suffer most due to scarcity and drought in particular. In the United States, there has
been significant progress as well in addressing the impacts of drought through the development
of preparedness plans, the basic goal of the drought plans created in most of the states should be
to improve the effectiveness of preparedness and response efforts by enhancing monitoring and
early warning, risk and impact assessment, and mitigation and response. Many plans are more
pro-active, adapting a more risk management approach to drought management.

in arid, semi-arid and marginal areas with a probability of drought incidence It is recommended
to re-planning their land use and developing methods of predicting many weeks/months in
advance, the occurrence of rainfall deserves high priority. The agricultural planning and practices
need to be worked out with consideration of overall water requirement within the individual
agro-climatic zones. Crops that need shorter duration to mature and require less water need to
be encouraged in the drought prone areas. Food reserves to meet the emergency of maximum
up to two consecutive droughts must be planned.

H. LEARNED LESSONS in many Arab countries as well as Syria,

— Water resources already are stressed in some areas and therefore are highly vulnerable,
especially with respect to competition for water supply between agriculture, power
generation, urban areas, and environmental flows (high confidence) and salinization.
Increased evaporation and possible decreases in rainfall in many areas would adversely
affect water supply, agriculture, and the survival and reproduction of key species in parts of
Arab region and Syria that depend on uncertain sources.

—  Surface water (rainfall and rivers) and ground water. Rainfall water became a subject for
high variability that accompanied with increase on drought frequency, and the two actions
become major threat for the rainfed agriculture and rangelands and might cause extreme
pressures on the socio-economic stability in Syria. Beside that all the ground water sources
depends on rainfall. At the meantime all rivers that cross through Syria are trans-boundary
rivers and flow from neighboring countries, they could be a subject for conflicts if drought
influencing their agriculture and life stability.

— Drought has a great present impact on socio-economic stability and expected to increase
steeply in the near future with the expected increase of drought severity as illustrated in most
scenarios. Social activities like women strengthen and empowerment must take place within
the newly formed gatherings for reducing their economical, social and sexual up-used, at the
meantime there are a need for more social advising between families and migrated groups.
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— The first recognized impacts will be on the agriculture sector. That particular sector played
on the past and still playing an important role in many Arab countries and particularly in
Syrian socio-economy stability.

— The recognized migration from rural areas that took place during the years (2007 — 2010)
in Syria will increase in the future beside water shortage and food scarce. That will turn
to be major challenge and that might cause internal socio-economic instability if serious
policies are not but immediately into planning and implementation. Such problem could be
recognized in many Arab countries.

— Drought like many risk management needs a cross-cutting approach and therefore requires a
wide range of inputs (e.g. cultural, socio-economic, etc.). Accordingly drought management
capacities must be strengthened, including capacities to develop integrated plans. Evaluation
of risk management measures and practices must be undertaken to determine if they are
effective.

— Those policies should includes early warning systems and a set of actions to improve the

preparedness within the most vulnerable areas, e.g. improve community socio-economical
preparedness (assets, governance and technology), create alternative economic micro and
macro opportunities, change land use and crop pattern, introducing new seed varieties more
tolerant for drought, increase water irrigation efficiency and income per water cubic meter.

— Political issues as well play a great role within the drought risk management and must
be committed to create the necessary capacities in order to reduce the risk. That could be
seen from the Governments make the drought problems visible to the public eye and the
politicians. Governments should invest and promote inter-disciplinary dialogue to improve
awareness and to define the issue and communication to address drought risk. And effective
risk management should keep in focus.
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