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Information Sheet on Future Climate and impacts in the rural case studies: Tel Hadya, Syria
Summary

· ENEA climate model data for the ‘present’ period were able to reproduce the observed climate of northern Syria, and only required minor correction to remove a bias between the observed and model-derived data. The ENEA model projected a slight increase in annual rainfall in the near future, rather than a decrease as projected by other models.
· Crop model based simulations suggest that a climate change affected future with higher temperatures, elevated CO2 and slightly higher annual rainfall would not affect wheat yield significantly in comparison to the present situation. However, there is an apparent trend towards higher inter-annual variability, i.e., more years with exceptionally high or low yields.
· Inter-annual variability could be reduced by the application of supplemental irrigation (SI) as a potential adaptation strategy. SI water amounts were comparably modest, but could result in a 2.6 fold increase in yields.
· Given the uncertainty of regional climate change projections, this assessment should be expanded to include projections from other CIRCE models, before final conclusions on the impact of climate change on wheat in northern Syria can be drawn.

1. Introduction 

Dry areas of the developing world occupy some 3 billion hectares. They are characterized by water scarcity in response to generally low precipitation and considerable year-to-year variability of rainfall. Droughts are frequent and food insecurity and rural poverty widespread. IPCC projects an increase in annual mean temperature and a decrease in mean annual rainfall in many of the already marginal dry areas. Increased evapotranspiration, less water available for plants, greater heat stress and shorter growing seasons are potential consequences, negatively impacting agricultural productivity. 

However, regional studies of the impacts of climate change on dry areas, such as in the Mediterranean region are sparse. Such studies should take into account region-specific climate patterns that might deviate from the wider picture. Down-scaled region-specific climate change model projections are therefore required. Finer scale climate projections can be included, e.g., in bio-physical simulation models, such as crop-soil models that simulate the impact of soil, climate and management on crop growth and yield.

The CIRCE project assesses impacts of climate change on social dynamics and economic issues, but also on the natural resource basis, in particular agriculture and forestry in the Mediterranean region of Europe, North Africa and the Middle East. 

The study presented here tackles the impacts of climate change on agriculture in northern Syria. The International Center for Agricultural Research in Dry Areas (ICARDA) among a range of other commitments, contributes to the improvement of bread and durum wheat in Central and West Asia and North Africa. For more than 30 years, ICARDA has been undertaking research on the biophysical response of wheat to temperature and water-stress. 

Wheat is the predominant crop in the majority of developing countries in the Mediterranean region, and has been used as an example in this case study. CIRCE climate model projections for the northern region of Syria were transformed into daily time series and used to simulate the effects of climate change on rain-fed wheat production in the region by applying the crop-soil simulation model CropSyst.
Observed climate
Long-term meteorological data, soil data, and crop phenological and physiological data were obtained from the headquarters (Tel Hadya) of ICARDA, 30 km from Aleppo, in northern Syria (36.011 °N 36.931 °E, 285 m above sea level). ICARDA has maintained a weather station at Tel Hadya since its inception in 1977, and has continuous records of rainfall, temperature, radiation, relative humidity and wind speed of at least daily resolution for the year 1980 onwards (see Information Sheet on Observed Climate Indicators for the CIRCE Rural Case Studies: Tel Hadya, Aleppo-Syria). 
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Figure 1: Average daily maximum and minimum temperature (Tmax, Tmin; top left), daily maximum and minimum relative humidity (top right), solar radiation and wind speed (bottom left), and average daily and cumulative rainfall (bottom right), ICARDA main weather station, Tel Hadya, northern Syria; n = 31 years; gray-shaded area: standard deviation
The climate is semiarid Mediterranean. The rain-fed cropping season begins in November and extends to May-June, with frequent terminal drought. Wheat (Triticum aestivum) is the main crop in northern Syria, and is grown during the rainy season. Other key crops include, barley (Hordeum vulgare) and, food and forage legumes. Livestock, mainly sheep and goats, are also an integral part of the agricultural system. Soils of the region are inherently low in nutrients, especially nitrogen, phosphorus and soil organic matter. Soils of the lowland cropping areas are mostly deep (< 2 m), have a clay texture (60-70 %), and are highly calcareous (~20% CaCO3). The soil at Tel Hadya has been classified as a very fine, montmorillonitic, thermic, Chromic Calcixerert (Ryan et al., 1997).
The average annual temperature is 17.8 °C. Frost occurs on average 32 nights per year. Maximum temperatures climb above 40 °C for on average 13 days in June to August. Relative humidity is low in summer, and wind speed is moderate with an annual average of 3.1 m s-1 with higher wind speed generally occurring in summer. The rainfall pattern is typical Mediterranean (winter rain), with an average rainfall of 334 mm yr-1 (Figure 1).
Climate model data
Three different sets of daily climate data covering the study region of northern Syria were obtained from the following three datasets or models:

1. ENSEMBLES (E-OBS ‘observed’ data; Haylock et al. 2008 )
2. (CNRS-)IPSL model 

3. ENEA model

The ENSEMBLES project E-OBS gridded data are based on observations available for the period 1951 to 2009 (and required correction for missing values). The average annual temperature for the closest grid point (12.6 km north of Tel Hadya) was 18.1 C and thus only 0.3 °C higher than that of Tel Hadya. However seasonal maxima and minima deviated significantly from Tel Hadya observations. For instance, the maximum temperature on 27 July, which is the hottest day of the year at Tel Hadya, was 33.8 °C on average over the 59 years of the E-OBS data, whereas in reality this was 38.5 °C. E-OBS minimum winter temperatures, on the other hand, on average were about 2 C higher than those of Tel Hadya. The E-OBS data seems to reflect a more coastal climate with a moderating effect of sea on maximum and minimum temperatures. 
a)
b)
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Figure 2: a) Monthly rainfall observed at Tel Hadya station in comparison to ENEA, ENSEMBLES and IPSL2 model data; b) cumulative annual rainfall at Tel Hadya and IPSL2 model data; Tel Hadya: n= 31 years (1980-2010); ENEA: n=49 years (1961-2009); ENSEMBLES and IPSL: n=59 years (1951-2009).

IPSL model data for the ‘observed’ period tend to underestimate observed summer and winter temperatures, resulting in an annual average temperature of only 13.9 C. Cumulative rainfall from the IPSL model data (IPSL2_36.89_35.79) covering the area 25 km south of Tel Hadya approximately matches observed total annual amounts. However, with a total June, July and September rainfall of 48 mm it lacks the characteristic winter-rainfall pattern typical of the eastern Mediterranean region of northern Syria (Figure 2). Other IPSL2 data sets have similar limitations. Therefore, IPSL data were considered too unrealistic and were excluded from the crop-model based simulation study. 

ENEA projections for four neighbouring grid cells in northern Syria (36.68_35.85; 36.77_36.12; 37.10_36.04; 37.00_35.78) were made available (by Roberto Ferrise). The grid cell covering the region closest to Tel Hadya station (15.7 km east; 37.10_36.04) henceforth referred to as 'ENEA', was selected for use in the crop-model based simulation. This data set comprises daily records of maximum and minimum temperature, radiation and rainfall. It contains 90 years of data, covering the years 1961-2050. We decided to use 1980-2010 (31 years) data for ‘present-day’ simulations. Restricting the available data sets to only include data until 1990 to comply with international norms, would have left us with only 10 years of observed data; too few for a reliable assessment. ‘Future’ climate change simulations were carried out with the ENEA model data, for the years 2011-2050.
Bias correction 
Some bias between the ENEA derived daily temperature, radiation, and rainfall data and corresponding observed data from the Tel Hadya station. To correct for this bias, the deviation (() of the respective data for the two data sets (ENEA and Tel Hadya) was calculated for daily values as follows:
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where T is either the minimum or maximum temperature, the subscript M indicates the calendar month, P is precipitation and N is the number of years (31). The (Rs% was calculated analogously to (P% in equation 2. 

Cubic spline functions were then applied to interpolate monthly ( to daily values. The resulting locally adapted present-day climate data was visually assessed and if required, (-values were further fitted manually. In the case of rainfall, a frequency distribution was computed and ENEA model data and Tel Hadya observations compared, to make sure that the monthly distribution (Figure 2a), the cumulative pattern and the number of rainy days and daily rainfall amounts were similar. 

The final (-values were also used for bias correction of the ENEA data for the future period, 2011-2050, assuming that future differences between observed (Tel Hadya) and modelled (ENEA) data remain consistent.

Weather generator for other climate variables
The CropSyst model requires as minimum input, daily data on precipitation, solar radiation, and minimum and maximum air temperature. Potential evapotranspiration (ETpot) is calculated using the Priestley-Taylor (PT) equation (Priestley & Taylor, 1972). However, McAneney and Itier (1996) demonstrated that in case daytime mean vapour pressure deficit (D) surpasses 10 g m3, i.e., during times when the aerodynamically-driven evaporative demand contributes a major share to ETpot, the PT-equation fails to provide reasonable estimates. This D-threshold is consistently exceeded during summer times in the semiarid environment of northern Syria. Thus, the Priestley-Taylor equation should not be used.

CropSyst uses the FAO-56-Penman-Monteith (PM) equation (Allen et al., 1998) as a further option to calculate ETpot. In addition to the above-mentioned data it requires wind speed and daily minimum and maximum relative humidity or dew point temperature; data which are not produced by the ENEA model or most other climate models.

The ClimGen software (Stöckle et al. 1999) is capable of producing stochastically generated weather data from existing daily data (see http://www.bsyse.wsu.edu/CS_Suite/ClimGen/index.html). In brief, relative humidity data are generated from linear regression equations that relate observed daytime and night time dew point temperatures to observed air temperatures, as well as from similarly derived, so-called aridity indices. Wind speed data are generated without correlation to any of the other climate variables, using a Weibull distribution function, with the Weibull α and β parameters calculated on a monthly basis using existing data. To generate relative humidity and wind speed data for the bias corrected (‘present’ and future) ENEA data sets, the above-mentioned stochastic variables describing the relationship between air temperature and relative humidity as well as wind speed were taken from the Tel Hadya data analyzed with ClimGen version 4.06.04.
Crop simulation setup
CropSyst (Stöckle et al. 2003) is a multi-crop, daily time step, mechanistic cropping system simulation model. Using CropSyst version 4.14.04, continuous rain-fed wheat crop was simulated, with temperature-, water- and N-stress enabled. Planting was assumed to take place on the 15th November throughout. Management comprised usual tillage practices (three passes in total), split N-fertilizer application of in total 60 kg N ha-1, with half of the fertilizer applied as ammonium nitrate upon planting and the second half applied as urea at the wheat stem elongation stage, and harvest of wheat one day after biological maturity. It was assumed that at harvest 70 % of the straw was removed and the rest retained as stubble (10 %) and loose straw (20 %). 

The simulated soil was a 2 m deep very fine, clayey, montmorillonitic, thermic, Chromic Calcixerert, with 60-65 % clay and 6-11 % sand content. The simulated wheat was the durum wheat variety 'Cham-1'. Corresponding soil and crop-phenological and physiological model settings were taken from an intensive calibration exercise (Sommer et al., forthcoming) of Cham-1 using the data set described by Oweis et al. (1999). In summary, the photosynthetically active radiation-use efficiency of Cham-1 was adjusted to 3 g/MJ, the transpiration use efficiency (TUE) was described with the newly introduced TUE-curve. Canopy growth was simulated based on leaf area index (LAI) development. Crop thermal time requirements, among others, were 570 days to reach flowering stage and 1050 days to reach maturity. Sensitivity to cold temperatures (potential frost damage) was enabled. Water movement in the soil was simulated with the hourly cascade module, and water infiltration / surface water runoff using the USDA curve number approach.

Furthermore, the increase of atmospheric CO2 concentration in response to climate change was considered in a separate simulation. According to the SRES A1B projections, CO2 concentrations will reach approximately 520 ppm in 2050, which is equal to an annual increase of 3.36 ppm from 2011 (390 ppm) onwards. CropSyst considers the impact of elevated CO2 by (i) adjusting the radiation use efficiency, and (ii) the canopy conductance of a crop is altered in response to increasing CO2, which impacts the transpiration (water) use efficiency in various ways (see Tubiello et al. 2000). Simulating the elevated CO2 impact separately provides opportunity to see whether this could mitigate the potentially negative impacts of a hotter future, as is often assumed.

Four multi-year wheat simulations were therefore carried out:

1) Year 1980-2010 with observed Tel Hadya climate data,

2) Year 1980-2010 with the bias-corrected ENEA climate data (extended with ClimGen generated relative humidity and wind speed data),

3) Year 2011-2050 with the bias-corrected (extended) ENEA climate data, 

4) Year 2011-2050 with the bias-corrected (extended) ENEA climate data set and elevated CO2-effect enabled.

‘Present-day’ climate – ENEA model
Delta values for temperature, precipitation and solar radiation are displayed in Table 1. Negative values denote the need for an upward correction of the ENEA data, positive values depict months in which the original ENEA projections overestimate observed conditions.
Table 1: Delta values for the minimum (Tmin), maximum (Tmax) and average temperature (Tavg), as well as precipitation (P) and solar radiation (Rs) comparing daily ENEA model and Tel Hadya observations for the period 1980-2010; values in parentheses are the original calculated values that were replaced during the manual curve-fitting exercise

	
	Tmin
	Tmax
	Tavg
	Precipitation
	Radiation

	
	-------- (T, °C) --------
	(P%) 
	(Rs%)

	Annual
	-1.2
	0.2
	-0.5
	-7%
	15%

	Seasonal
	
	
	
	
	

	1/4 of year
	-0.4
	-0.1
	-0.2
	-17%
	20%

	2/4 of year
	-0.7
	1.2
	0.2
	28%
	16%

	3/4 of year
	-3.3
	1.3
	-1.0
	158%
	12%

	4/4 of year
	-0.4
	-1.6
	-1.0
	-13%
	12%

	Monthly
	
	
	
	
	

	Jan
	-0.7
	-0.4
	-0.6
	-33%
	29%

	Feb
	-0.3
	-0.3
	-0.3
	-15% (-6%)
	17%

	Mar
	-0.1
	0.4
	0.2
	-20% (-9%)
	18%

	Apr
	0.2
	0.9
	0.6
	42%
	15%

	May
	-0.4
	0.6
	0.1
	-1%
	17%

	Jun
	-2
	2
	0
	28%
	15%

	Jul
	-3.7
	2.6
	-0.5
	0% (Infinite)
	14%

	Aug
	-3.9
	1.7
	-1.1
	0 % (435%)
	13%

	Sep
	-2.3
	-0.4
	-1.4
	84%
	9%

	Oct
	-0.9
	-2
	-1.5
	-2%
	8%

	Nov
	0.8
	-0.9
	-0.1
	-26%
	11%

	Dec
	-1.1
	-1.7
	-1.4
	-6%
	23%


For minimum and maximum temperatures, bias (and thus () was most pronounced for the summer peak-temperature period. Solar radiation described by the ENEA model was on average 15 % too high, with little monthly variation. For the 31 observation years at Tel Hadya station, it never rained in July. Therefore deviation as expressed by (P% was infinite for this month. Daily interpolation by cubic splines (Figure 3) provided reasonable daily time step (-data that yielded a close match to ENEA model and observed daily Tmax, Tmin and solar radiation. 
(P% of February and March had to be manually fitted to achieve a close(r) match of the cumulative pattern of average annual rainfall during these two months. (P% of July and August on the other hand were set to 0% to avoid unjustified excessive oscillation of the spline function. As ENEA rainfall during these two months was close to zero, more precise adjustments were not considered necessary. Interestingly, fixed monthly (P% values (the thin line in Figure 3), as an alternative to the cubic spline-derived daily (P%, achieved almost similar results in terms of the cumulative rainfall pattern.
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Figure 3: Interpolation of monthly delta values by cubic-spline functions for temperature, rainfall and solar radiation; alternatively, fixed monthly (P% are shown as a thin line. DOY: day of year.
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Figure 4: Histogram of daily rainfall amounts comparing observed Tel Hadya records and bias-corrected ENEA model data for the period, 1980-2010.

On average, 282 days per year were rainless according to Tel Hadya observations. The ENEA model projected on average 283 days, and thus was very close to reality. The histogram of daily rainfall amounts further indicates that rainfall intensity was also well described by the ENEA model (Figure 4). Clearly, light rainfall (less than 10 mm per day) dominated, while heavy rainfall (with more than 20 mm per day) on average occurred on only two days per year. 

Future climate – ENEA model
Mean annual temperature in a climate-change influenced future (2011-2050) as projected by the bias-corrected ENEA model was 18.8 °C, 0.9 °C higher than during the ‘present’ period, 1980-2010. This difference was also quite consistent for monthly values (Table 2). Contrary to what is commonly assumed, the ENEA model projected a more humid future with more rain falling in October, November and January, amounting to on average 383 mm per year compared to 349 mm for the present day. 

Furthermore, the trend (slope) for increasing future temperatures as projected by the ENEA model was significant (Figure 5). The increase from 2010 onwards was 0.05 °C per year, which means that annual average temperature in 2050 is projected to be 19.7 °C. 

Table 2: Monthly average minimum (Tmin) and maximum temperature (Tmax) and total rainfall (P) for the periods, 1980-2010 (present) and 2011-2050 (future)

	Month
	Tmin (°C)
	Tmax (°C)
	P (mm)

	
	present
	future
	present
	future
	present
	future

	Jan
	1.6
	2.5
	11.5
	12.5
	60
	70

	Feb
	2.1
	2.5
	13.6
	14.4
	61
	59

	Mar
	4.4
	5.2
	18.1
	19.0
	50
	53

	Apr
	8.0
	8.4
	23.8
	23.7
	33
	31

	May
	12.1
	13.4
	29.7
	31.4
	14
	11

	Jun
	17.6
	18.5
	34.9
	35.7
	2
	2

	Jul
	21.4
	22.3
	37.5
	38.1
	2
	1

	Aug
	21.5
	22.4
	37.6
	38.4
	2
	2

	Sep
	17.3
	18.9
	34.5
	35.9
	4
	5

	Oct
	12.1
	13.9
	28.1
	29.3
	21
	33

	Nov
	6.3
	6.7
	19.5
	19.1
	41
	57

	Dec
	2.7
	3.8
	12.8
	14.1
	59
	59

	Avg.
	10.6
	11.6
	25.2
	26.0
	Σ349
	Σ 383
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Figure 5: Linear regressions of ‘present’ (black) and future (red) trends in average annual temperature estimated by the bias-corrected ENEA model output for 36.04 °N 37.10 °E
Crop simulation results

No significant time-trends were detected for the four individual simulations, suggesting that for instance neither crop yields, nor above-ground biomass (AGB) production decrease or increase. This is shown in the example for future wheat yields in Figure 6. 
Interannual variability of wheat production was high in all four simulations (Figure 7). This is very much in line with observed long-term yield data. ‘Present day’ simulation using the ENEA climate data resulted in an average wheat yield of 1.82 Mg ha-1 as opposed to 1.49 Mg ha-1 on the basis of the Tel Hadya observed data. This difference however is not significant (paired t-test).


In addition, neither the difference between average yields in ‘present’ and ‘future’ periods (with or without elevated CO2 impact) nor the difference between the two future projections (with or without enabling elevated CO2 impact) was significant. The same was true for AGB, harvest index, maximum LAI, actual transpiration, actual evaporation, and N-uptake. There was however a tendency towards larger inter-annual variability, i.e., a decrease in yield stability, when comparing ‘present’ and ‘future’ simulation results. The coefficient of variation (CV), for instance, of AGB increased from 37 % in the ‘present’ period to 49 % in a climate change ‘future’.
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Figure 6: Wheat yields over time as simulated with the ENEA climate model, with (blue) and without (red) enabling elevated CO2 effect on crop production
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Figure 7: Box-Whisker plots of wheat yield and aboveground biomass production; the plus-symbols denote average values, 'CC' = climate change, 'plus CO2' = enabling elevated CO2 impact
Higher future temperatures also triggered a faster completion of the growth cycle (Table 3). Historically, Cham-1 reaches flowering stage on average161 days after planting. Under climate change conditions this was three days less. Another 32 days on average were required for Cham-1 to reach maturity, whereas higher temperatures did not reduce this time, since the threshold temperature (20°C, average daily) is consistently exceeded in present-day conditions.
Table 3: Average (standard error in parentheses) days of planting until flowering and maturity simulated for the for different weather data sets; different letters denote significant differences.

	Weather data
	Planting till flowering (days)
	Planting till maturity (days)

	Tel Hadya (observed)
	160.4 (0.9)
	A
	191.9 (0.9)
	A

	ENEA, ‘model present’
	160.9 (1.0)
	A
	192.9 (0.8)
	A

	ENEA, future
	158.0 (0.8)
	B
	189.6 (0.8)
	B

	ENEA, future plus CO2 effect
	158.0 (0.8)
	B
	189.6 (0.8)
	B
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	Figure 8: Correlation of crop yields and seasonal (planting till maturity) rainfall
	Figure 9: Aboveground biomass development (left y-axis) and accompanying crop water stress index (right y-axis) for the growing season 1984-1985 (ENEA historic data set) and 2040-2041 (ENEA CC plus CO2 data set); a crop water stress index equal to ‘0’ means stress-free conditions


Not surprisingly, water availability (rainfall) was the most dominant factor for crop production (Figure 8). Below 150 mm seasonal rainfall (planting till maturity), a complete yield loss was simulated. 
In years when spring temperatures were warmer and thus more favorable for early crop establishement, wheat growth could notably benefit, if rainwater was available and water stress was absent, such as during the season 2040-41, (Figure 9). In comparison, the season 1984-85 is an example of cold spring temperatures and thus late crop development. Water stress in both seasons occurred at different days of the year – almost one month later in 1985 than in 2041, but approximately the same level of aboveground biomass accrued. 
Comparison of the two seasons is noteworthy as final AGB and yield (1984-85: 1.50 Mg ha-1, 2040-41: 1.57 Mg ha-1) for both seasons was comparable, while at the same time seasonal rainfall was only 282 mm in 2040-41 but 345 mm in 1984-85. This means that higher early spring temperatures are favorable for crop growth, while the evaporative demand, i.e., the water required for transpiration, is not as high as that required later in the season. This might lead to higher biomass and yield for comparably less water, i.e. higher water use efficiency. However, the above comparison should be viewed as ideal. Crop model results for the ENEA future climate projections do not allow general conclusions to be drawn in regard to a potential improvement in water-use efficiency.

Climate change adaptation options – supplemental irrigation

Biophysical, crop-model simulations revealed that crop production and yields, on an average basis, were not affected by a changing climate as projected by the ENEA model. However, simulation showed that yield stability would decrease. Supplemental irrigation (SI), i.e., the facultative application of irrigation under rain-fed conditions in times of dry spells, is a well-known, common practice to mitigate the negative impact of droughts. We tested how SI management would affect wheat production in a climate-change affected future. 
The following SI management decisions were realized in the simulations: SI was started upon crop emergence and continued until 15 days after the start of grain-filling. When the soil water content available to the plant within the rooting zone dropped to below 15 %, not less than 15 mm and not more than 60 mm of water was applied, to top up the plant-available soil water store to 100 %. The accompanying N-fertilizer application was increased to 110 kg/ha; other model settings were identical to those for the fourth simulation outlined in the previous section.

This modelled irrigation management resulted in an application of irrigation water of between 0 and 330 mm (average 122 mm) in usually 1-3 (maximum 6) irrigation events per season. No supplemental irrigation was necessary in 5 of the 49 years (Figure 9). Thus, on average 427 mm of water was received as precipitation and irrigation during the growing season. The resulting yield and above-ground biomass (AGB) production was 5.0 and 11.7 Mg/ha, respectively, with very little year-to-year variation (Figure 10). The lowest AGB and yield simulated was for the season 2014/15 in which late frost heavily damaged the crop. Therefore no SI of the only slowly recovering crop was required. 

On average, yields were 2.6 times higher than without SI. The corresponding water use efficiency, i.e., the grain production (kg/ha) in relationship to the applied/received water (precipitation plus irrigation, expressed in m3/ha) increased from 0.50 kg/m3 under rain-fed only conditions to 0.99 kg/m3 under supplemental irrigation.
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	Figure 9: Model precipitation and supplemental irrigation during the growing season (planting until harvesting), 
for the years 2011/12 – 2049/50
	Figure 10: Box-Whisker plots of future (2011-2050) wheat yield (yield) and above-ground biomass (AGB) production in response to supplemental irrigation practices


Conclusions
The described crop modelling results highlight several issues:

Gridded ‘present day’ daily climate model data from the CIRCE model IPSL2 and the E-OBS data set did not correspond well to the observed climate of Tel Hadya station, at ICARDA headquarters in northern Syria. Further investigation could examine why this is the case and how this affects the quality of the climate change impacts assessment of agriculture and forestry in the Mediterranean region of the Middle East.

Crop modelling suggests that a climate change affected future (2011-2050) with higher temperatures (0.9 °C on average), elevated CO2 (3.36 ppm increase per year) and higher annual rainfall (383 mm as opposed to 349 mm historically) would not significantly affect crop growth and yield in comparison to the present day (1980-2010). There was however a trend towards higher inter-annual variability, i.e. more years with exceptionally high or low yields. Further analysis should address interactions between three factors temperature, CO2 and water (rainfall), and their individual (positive or negative) impact on crop growth. 
Not surprisingly, supplemental irrigation can mitigate the negative impact of climate change, as far as water stress is concerned – which is, and will be, the major obstacle for producing high(er) yields in the semi-arid environment of northern Syria.
However, it should be noted that other CIRCE climate models project larger changes in future climate; with greater warming and reduced precipitation (Information sheet on future climate: climate projections for the CIRCE case studies, http://www.cru.uea.ac.uk/projects/circe/Future_infosheet_overview_final.doc). Given the uncertainty in climate projections, it would be useful to include other CIRCE climate models or other suitable models before drawing any final conclusions. It might also be fruitful to consider future periods beyond 2050, when climate change is projected to become more pronounced.
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