

[image: image5.png]Circe
~ '»’"\'\"‘Mﬁ\./





Information sheet on observed climate indicators
for the CIRCE rural case studies: Tel Hadya, Aleppo-Syria
Summary

· Maximum temperature has tended to increase during the observation period 1978/79 to 2006/07
· The frequency of drought is high: 50% of the years in the studied period are considered dry according to the Standardized Precipitation Index classification 
· Consequently, temperature and rainfall records indicate that the described conditions (high risk of drought and heat) are not well suited to wheat growth and development.. If this trend continues in the future, the production of wheat in the Tel Hadya region will be significantly hampered
1. Introduction 

Drought and water scarcity are the main climate hazards for agricultural production in West Asia and North Africa. This situation may be further aggravated by global warming and climate change. General circulation models suggest higher temperature and reduced rainfall for the region in the future. Among the plant species that are likely to be affected are cereals (wheat and barley) which constitute the dominant crop and are the main source of food for the local population. Many research studies have shown that irrigation at critical stages saves water, improves water productivity and can help reduce the damaging effects of drought and heat stress on land productivity. A key objective of the Tel Hadya, Aleppo-Syria case study is to determine whether supplemental irrigation can be considered as an effective adaptive response to climate change. To meet this objective, data on supplemental irrigation research trials will be used to calibrate and validate the Cropsyst model. The model will then be used to simulate how the application of limited amounts of water at critical stages will affect wheat grain yield and production under different temperature and CO2 scenarios. Here observed changes in temperature and rainfall are presented, to provide a present-day context for the projected changes.
2. Indicators of observed climate variability
For the Tel Hadya case study, the most important indicators of observed climate variability are those related to temperature (maximum, minimum and mean) of the growing season, seasonal rainfall, and the standardized precipitation index (Table 1).  

Temperature of the growing season
What is it?  
Daily maximum temperature (Tmax) and minimum temperature (Tmin) are averaged over the growing period of wheat (October-June).  The mean temperature (Tmean) is the mean of Tmax and Tmin.  
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Figure 1 Mean growing season (Oct-Jun) daily maximum, minimum, and mean temperature for Tel Hadya, Aleppo-Syria, for the period 1978/79 to 2006/07

What does this show?  
The variation in temperature was generally low (Figure 1). The coefficient of variation (a measure of year-to-year variability) for Tmax was only 5.2%. However, Tmax varied more than Tmin or Tmean from one year to another. Tmax increased significantly over the observation period but the warming trends for Tmin and Tmean were not significant. The average increase of seasonal Tmax from the first decade (1978/79) to the second decade (1988/89-1997/98) was 0.5oC. The same increase was observed from the second decade to the third decade (1998/99). 


Why is this important?
Higher temperatures have a negative impact on wheat yield by reducing the length of the life cycle of the crop. In addition, high temperature extremes (obscured by mean values) induce heat damage. To combat the negative effects of high temperature and low rainfall during the reproductive stages (flowering, grain filling), farmers should apply supplemental irrigation as an adaptive response to climate variability and change, and policy makers should develop and implement a strategy of saving water through supplemental irrigation.
Total rainfall
What is it? 

Total rainfall for the periods November-June (growing season of wheat), November-January (vegetative growth period) and February-May (reproductive period), for the years 1978 to 2007, were considered (Figure 2). In addition, rainfall anomalies were calculated using the formula: (annual total precipitation of the growing season for wheat divided by the long-term mean annual total precipitation for the growing season) minus 1. The larger the deviation from the mean, the more deficit (negative numbers) or abundant (positive numbers) is the rainfall for each growing season (Figure 3).
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Figure 2 Total seasonal rainfall at Tel Hadya, 
Aleppo-Syria, 1978-2007
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Figure 3 Rainfall deviation from the overall mean in Tel Hadya, Aleppo-Syria, 1978-2007
What does this show? 

Total rainfall shows high inter-annual variability for the period November-June (growing season), with a coefficient of variation of 21.4%. Rainfall was particularly variable between 1978 and 1989 and between 2000 and 2007. In general, rainfall variability for the reproductive period is similar to that for the whole growing season. However, the amount of rainfall received in the vegetative growth period varied less.
The pattern of variation for rainfall anomalies (Figure 2) is similar to that of total rainfall from November to June. Fifteen years are above the long-term average and 14 are below. The most severe rainfall deficit is observed in 1988/89 and 1989/90, while the wettest years were 1987/88, 2000/01 and 2002/03. No significant trend was observed in the observation period

Why is this important? 

Rainfall is the most important limiting factor of wheat production in Syria. When rainfall is low, water resources are depleted and all sectors, especially agriculture, suffer. Therefore, knowledge of the long-term trend in annual rainfall and the deviation from the long-term average of the growing season helps farmers manage available water resources and policy makers develop water allocation plans. In Tel Hadya, because inter-annual rainfall variability is high, quantifying rainfall amounts for critical periods, such as for stages of vegetative growth and reproduction, provides valuable information for scheduling of supplemental irrigation. Short-term monitoring of rainfall during these critical periods could improve scheduling of supplemental irrigation. Farmers and policy makers should ensure sufficient water storage during this critical period.
Standardized Precipitation Index
What is it?  
The standardized Precipitation Index (SPI) provides an indication of drought intensity. It is calculated using the formula: SPI = (Pi-Pm) / (. Where, Pi = precipitation for year i for a given length of time (e.g., 15 days; 1, 3, 6 9, or 12 months); Pm = average precipitation for a long time series (at least 30 years); and ( = standard deviation. For this case study, SPI was calculated for two periods, October-June (growing season of wheat, SPI9) and February-April (reproduction period of wheat, SPI3). 
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Figure 4; Standard precipitation (SPI9 – pink, and SPI3 - black) for Tel Hadya, Aleppo-Syria, 1979-2007
What does this show?  
Standard precipitation indices for the periods October-June (SPI9) and February-April (SPI3) are presented in Figure 4. Inter-annual variations in the index were high. The SPI series indicates that the six driest years were 1983/84, 1988/89, 1989/90, 1992/93 1999/00 and 2007/08. The wettest years were 1979/80, 1987/88 and 2002/03. The driest years for the period February-April were 1988/89 and 2007/08. 
Why is this important?  
The SPI is a valuable drought indicator and can be used to improve management of crops and water resources to mitigate the negative effects of drought. Due to the inherent variability of seasonal rainfall, this indicator should be assessed in the short term (two weeks to monthly) or medium term (three months) to monitor drought and develop improved drought mitigation and preparedness plans. It also provides a useful indicator of climate change over longer periods.
3. Risks of current climate hazards
Key climate hazards for wheat production in the Tel Hadya case study are presented in Table 1. During the period considered (1979 to 2008) the frequency of years with rainfall shortages was high. The 29-year SPI series has highlighted six very dry seasons and three very wet seasons. In addition, while inter-annual temperature variability was low, maximum temperature has tended to increase in the observation period. A continuation of this warming trend in the future would have a negative impact on wheat production in the region.
Table 1: Change in the climate indicators (hazards) for Tel Hadya
	Climate Indicator (hazard)
	Change 
	Region

(or stations)
	Time period

	Temperature of the growing season (Tx, Tn, Tg) 
	Significant increase in maximum temperature (average decadal increase of 0.5°C)
	Tel Hadya station
	1978 – 2007

	Total seasonal rainfall (growing season)
	No significant trend in the observation period
	Tel Hadya station
	1978 – 2007

	Standardized Precipitation Index
	No significant trend in the observation period
	Tel Hadya station
	1979 – 2007


§ The terminology for likelihood of occurrence is based on the standard terms used in the IPCC 2007 report: Virtually certain > 99% probability; Extremely likely > 95% probability; Very likely > 90% probability; Likely > 66% probability; More likely than not > 50% probability; About as likely as not 33 to 66% probability; Unlikely < 33% probability; Very unlikely < 10% probability; Extremely unlikely < 5% probability; Exceptionally unlikely < 1% probability
4. Integrating case-study themes
Syria is located in the dry region of West Asia where high temperatures are experienced during the maturation period of crops. Drought is frequent and can occur at any time during the cropping season. Consequently crop yields remain low. Conventional irrigation is practiced by some farmers to increase yields; but this technique is not sustainable and cannot solve the problem since water resources are scarce. In the future, water availability constraints are likely to be exacerbated due to the effects of global warming and could further lower agricultural production and food supplies.  
The economy of Syria relies heavily on agricultural production with wheat one of the most important commodities. Wheat production plays a particularly essential role in the livelihood of the rural poor. Increasing wheat production would also increase farmer incomes. To boost and stabilize wheat yield, many farmers have dug wells to abstract ground water for conventional irrigation; but by doing so, the water table has been lowered. 

Supplemental irrigation is an alternative agricultural practice to conventional irrigation. It has been shown that this technique increases water productivity without affecting yield and is an appropriate adaptation to drought and climate change (Oweis and Hachu, 2006).
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