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Biogeophysical and social vulnerability indicators:
Rural case-studies information sheet: Tel Hadya, Syria
Summary
The grain yield of wheat, one of the most important crops in the cropping systems of Tel Hadya region of Syria, varied considerably between 1995 and 2010. This was accompanied by annual mean rainfall fluctuations. However, annual average temperature remained relatively more constant. Groundwater resources, which are the most important source of irrigation to mitigate drought that has become more frequent during the last four years, has decreased dramatically due to excess pumping. This overuse of water has negatively affected water quality (with high salt content in some areas) and availability for crops, people and livestock. This in turn threatens the livelihood of farmers in the area and the sustainability of the natural resources. New and improved technologies of crop and water management such as the use of drought- and heat-tolerant varieties and supplemental irrigation are potential adaptation options to climatic variability and change.  
1. Introduction
Agriculture in Syria depends on a wide base of varied natural resources extending over five agro-ecological zones differing in total precipitation, soil structure, and water resources such as rivers, springs, dams, and groundwater which supply water for about 851,000 ha (61% of the total irrigated areas). However, precipitation is considered the main source of water needed to maintain the widespread rainfed system of agriculture, which occupies 70% of the cultivated area in Syria.

In Syria, wheat is the most important winter crop and is grown on about 1.8 million hectares (about 32% of the total cultivated area). This area includes two farming systems – irrigated and rainfed (45% and 55% of the wheat area, respectively). Statistics show that the productivity of irrigated wheat has increased over the last five years due to new technologies. The production of this crop in the Aleppo region represents around 20% of the total production of the country. 

This information sheet describes the impacts and vulnerability of the Tel Hadya region to current climate variability and change using selected biophysical and social indicators. A previous information sheet dealt with key climate indicators such as rainfall, temperature and evaporation. Data showed high inter-annual variation in rainfall for the period November-June. The most severe rainfall deficit was observed in 1988/89 and 1989/90. The wettest years were 1987/88, 2000/01 and 2002/03. Average temperature has tended to increase slightly. This information sheet outlines the impacts of climate variability on wheat production and groundwater resources as the main source of water for irrigation. The vulnerability indicators are reported as wheat survey data from ICARDA reports (Oweis et al. 1998; Mazid 2003). ICARDA has a weather station in Tel Hadya for observing rainfall and temperature and groundwater is monitored by ICARDA in Tel Hadya.  
2. Impact indicators:
Wheat yield
What is it?  
The data used in this information sheet were obtained through surveys in the region. The grain yield is expressed in Kg/ha as an average, across farm for the period 1995-2008.  
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Figure 1: Left: Mean annual durum wheat and mean annual total rainfall (Nov – June) and right: mean annual temperature (Nov – June) for the period 1995 to 2010, in Tel Hadya, Syria.
What does this show?  
Figure 1 shows the high inter-annual variability of yield and average annual precipitation. However, average mean temperature was relatively constant. The correlation between total annual rainfall and yield was highly positive and significant (r = 0.44). The correlation between grain yield and average annual temperature was also positive; but lower than for yield and rainfall (r = 0.33). A seasonal assessment may help understand the details of these associations for different periods of the crop cycle. 
Why is it relevant?
Wheat yield is affected by different factors, abiotic (such as rainfall and temperature), biotic (pest and disease) and technology and there are interactions among these factors. In fact, wheat, a C3 crop, is very sensitive to climate variability and change. Figure 1 shows the positive relationships between yield and rainfall as well as temperature. Both adequate soil moisture and optimal temperature for wheat increase photosynthesis, growth and development of wheat. During the last decade, yield remained relatively high even with decreased rainfall due to the introduction of improved management and adapted varieties. However, heat stress at certain growth stages such as anthesis normally involves the abortion of florets and hence a reduction in seed number and productivity; and these cannot be shown when only annual temperature average is used. Moreover, high temperature leads to an earlier development of crops and a reduction in the length of the growing season. Also, it is difficult to separate high temperature effect from that of severe drought since both occur mostly during the reproductive stage of wheat. Moreover, the CO2 fertilizer effect on wheat yield observed in highland areas is negated in dry lowland areas such as Tel Hadya by the increase in drought and temperature. The reduction of yield due to severe terminal drought and heat has a negative impact on farmers’ incomes and livelihoods because of the importance of this crop in the cropping system. Improved technologies can increase yield and reduce its variability.
3. Vulnerability indicators:
Groundwater
What is it?  
The main water resource in the Tel Hadya region is groundwater. ICARDA has been monitoring the water table level annually (in meters below ground) since 1983 (Figure 2).
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Figure 2: Annual groundwater level (m below ground) in Tel Hadya, 1983-2007
What does this show?  
Figure 2 shows a decline in the groundwater table in Tel Hadya from 1983 to 2007 from -70m to -110m (below ground) corresponding to an annual rate of -1.74m. We observe three periods, from 1983 to 1988 when the water level remained relatively constant. From 1988 to around 2000 when the water table level decreased more rapidly. Since the year 2000, there has been a slower decrease in the average level; but with more inter-annual variability.
Why is it relevant?
Because of the high frequency of drought, water resources have become scarce and there is too much pressure on groundwater due to increased pumping for irrigation. The combination of drought and overuse of the resource (high pumping) has caused a substantial decline in groundwater levels and some drying-up of wells. Moreover, in some areas of the region, the salt content of groundwater has increased with values varying from an EC (electrical conductivity) of 0.5 dS/m to 30 dS/m. Groundwater level reduction, affects not only wheat yields, but also the availability of water resources for human and livestock consumption. The option adopted by farmers to increase wheat production since the early 1980s (because of the increase in drought frequency and severity), is irrigation. However, the long-term over-use and miss-use of the resource is having a negative impact on the sustainability of the resource and of the farming systems. In fact, we have observed during the last particularly very dry four years, high migration of people from the very dry areas to cities or to wetter regions. This results in the social and economic instability of vulnerable communities that live in the dry rural areas.
4. Crop vulnerability and new agricultural technologies
The standardized precipitation index (SPI) gives an indication of drought severity. Variation of this index with time was presented in the previous information sheet on observed climate. The SPI showed the inter-annual variability of rainfall and more severe drought during the last decade. A delay of rainfall in the fall and low temperatures in early winter (observed during the last four years) has hindered stand establishment and early growth of the crop. Moreover, heat and low rainfall early in spring coinciding with the time of anthesis (flowering) affects the kernel number and grain yield. In general, the length of the crop growth period has become shorter with a negative impact on growth and development. To deal with rainfall shortages, farmers have increased water pumping from the wells and this has a negative impact on groundwater which also affects summer crops and subsequently the income and livelihood of the farmers. In fact, during the last three years, migration of people from the countryside to the cities has been observed. Syria has been providing assistance to drought-affected people: such as, food assistance, subsidized feed, rescheduling of loans. In addition, a technical assistance program has been launched to improve the use efficiency of natural resources such as water.
Many technologies, that can help the farmers reduce the negative effects of climate variability and change on wheat production, have been developed by ICARDA (Karrou, 2011) and the Syrian NARS (National Agricultural Research Systems). Among these technologies are improved varieties of cereals and food legumes, supplemental irrigation and conservation agriculture. These technologies have been tested at the farm level, and because of successive droughts of the last few decades; these technologies have been adopted by many farmers. 

Mazid et al. (2003) examining the effect of modern technologies on durum wheat showed that the new varieties of durum wheat comprised 63% of the total area planted with this cereal and about 56% of producers grew these cultivars. This genetic material is preferred by the farmers because of its tolerance to drought and better response to supplemental irrigation. Improved varieties have produced 850 kg/ha more grain than local varieties. It was shown that about 34% of the production of durum wheat was due to the adoption of improved varieties.

Another survey conducted by ICARDA in 2008 showed that 80% of farmers grow the variety of bread wheat Cham 6 and 66% cultivate durum wheat Cham 3 because of their tolerance to water stress. Only 10% of farmers used bread wheat Cham 10 even though it is more responsive to the application of irrigation water. Yield advantages over the older cultivars were 15% in the case of Cham 6 in rainfed areas and 22% for Cham 8 under irrigation.   

Supplemental irrigation is the application of limited amounts of irrigation water to rainfed crops. ICARDA scientists (Oweis et al., 1998; Karrou and Oweis, 2011) have shown that this technique reduces the negative impacts of drought and improves water and land productivity of wheat. Supplemental irrigation is therefore considered a potential climate change adaptation option. A rapid rural appraisal conducted in 2006 and 2007 (Bader et al., 2008) showed that supplemental irrigation was practiced by 75% of surveyed farmers in the Tel Hadya region. 

The impact study showed that the adopters of supplemental irrigation gained 460 US$ / ha net return, compared to non-adopters, who used more water but whose gain was only 340 US$/ha. Water productivity was 0.94 kg/ha/m3 and 0.80 kg/ha/m3 for the technology adopters and non adopters, respectively.   
5. Risks of current climate hazards 

The existing key climate hazards for wheat production in the case study of Tel Hadya are drought represented by the drought severity index SPI, reported in the previous information sheet and rainfall variability (Figure 1). During the period considered (1979/80-2007/08) in the previous information sheet, the frequency of rainfall deficit was high (15 years were above the average and 14 were below). SPI showed that for the 29-year series, six years were very dry and three were very wet. Inter-annual temperature variation was low, but maximum temperature tended to increase, but not significantly. However, heat waves of just one or two days during anthesis can dramatically reduce yield; and this has been frequently observed in Tel Hadya area during the last decade.
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