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I. Climate data estimation
1.1. Introduction
[bookmark: _GoBack]Estimating the state of the climate and its spatiotemporal changes are crucial to understand and elaborate in turn proper management strategies for agricultural activities in the arid zones of our globe. Central Asia, one of the largest irrigated areas in the world, contributes to the global food security. On the other hand also the Central Asian agricultural communities are threatened by water scarcity both by human and natural causes such as climate change impacts. This is true also for the Khorezm region, located in the downstream reaches of the Amudarya River and part of the Aral Sea basin and where more than 60% percent of the rural population heavily relies on irrigated agriculture. Due to the environment and agricultural conditions in this region it is crucial to estimate the potential and actual ET based on long-term changes of climate variables under the circumstances of water scarcity. An increased understanding can thus improve water use efficiency in agriculture.  
1.2. Methodology 
Climate data recording: standard climate variables including air temperature (oC), relative humidity (%), wind speed (m/sec), incoming short-wave radiation (wat/m2) and precipitation (mm) at 2 meter above ground were recorded at hourly intervals from 2001 to 2013. They are available from the weather station installed at the former research farm of the Urgench State University, located 15 km away from Urgench city, the capital of the Khorezm region. 

Walter-Lieth diagram: According to a Walter-Lieth diagram (figure1) the annual averages for temperature are about 13 oC and the precipitation 94.7 mm based on this 13 year dataset. Each tic mark along the horizontal line (abscissa) indicates the months of the year. The diagram starts with January in the left corner of the diagram for the northern hemisphere and with July for the southern hemisphere respectively. Thus, the astronomic summer is shown in the middle of the diagram. 20 mm of monthly precipitation (right ordinate) equals to 10°C average temperature (left ordinate). When the precipitation curve undercuts the temperature curve, the area in between them is dotted indicating dry season which in the Khorezm region is between March and November. When the precipitation curve supersedes the temperature curve, the moist season is indicated meaning between November- February and thus for four months only. A very important ecological variable is the frost period, which is defined as the daily average minimum temperatures below zero (frost season). . 
Bushland ET Calculator. In order to calculate the sum of daily evapotranspiration (ET) the Bushland Referenace ET Calculator is used with minimum data sets in hourly interval of climate variables; maximum temperature, minimum temperature, average relative humidity, average wind speed, sum of radiation and sum of precipitation.
  1.3 Results 
1.3.1. Monthly average climate data estimation

Table 1. Monthly average climate data and ET reference 
	Row Labels
	Average of Avg-Tair_max
	Average of Avg-Tair_min
	Average of Avg-Relative_humidity
	Average of Avg-SradMJ
	
	Sum of ETref
	Sum of Rain

	2001
	20.9
	8.3
	60.4
	11.4
	
	1090.6
	102.4

	1
	1.2
	-7.2
	85.0
	8.2
	
	14.3
	8.3

	2
	7.8
	-3.2
	73.1
	8.9
	
	35.5
	5.4

	3
	17.6
	5.3
	62.3
	10.7
	
	76.9
	20.2

	4
	24.2
	10.6
	46.2
	11.6
	
	117.1
	3.2

	5
	33.1
	17.6
	47.9
	13.1
	
	149.9
	20.3

	6
	35.7
	20.2
	40.4
	13.9
	
	166.6
	0.0

	7
	35.0
	20.3
	43.0
	15.1
	
	170.6
	2.2

	8
	33.8
	18.2
	49.6
	14.9
	
	137.6
	2.7

	9
	26.7
	11.3
	49.3
	14.0
	
	112.4
	0.0

	10
	18.0
	5.8
	68.2
	10.8
	
	63.0
	20.0

	11
	11.5
	3.1
	82.0
	8.3
	
	28.0
	9.7

	12
	5.1
	-3.5
	77.8
	7.7
	
	18.7
	10.5

	2002
	20.7
	8.9
	62.6
	11.3
	
	1049.7
	114.5

	1
	6.6
	-0.4
	83.7
	7.1
	
	18.5
	9.3

	2
	8.7
	0.5
	80.5
	6.5
	
	28.3
	18.7

	3
	17.6
	5.0
	60.8
	9.6
	
	80.0
	4.0

	4
	20.1
	9.5
	65.2
	9.6
	
	85.7
	25.5

	5
	27.1
	14.3
	53.6
	13.8
	
	132.2
	5.3

	6
	32.6
	19.3
	49.5
	15.0
	
	158.8
	16.5

	7
	36.0
	22.1
	47.1
	15.6
	
	164.1
	8.9

	8
	34.2
	20.1
	51.3
	14.3
	
	144.2
	14.7

	9
	30.0
	13.9
	50.3
	14.3
	
	112.5
	0.0

	10
	22.3
	8.9
	58.2
	11.9
	
	78.5
	0.0

	11
	13.4
	1.9
	72.9
	10.2
	
	33.6
	1.1

	12
	-1.4
	-9.2
	79.5
	6.7
	
	13.3
	10.6

	2003
	18.9
	7.9
	62.8
	14.1
	
	1001.5
	175.5

	1
	3.0
	-4.6
	85.2
	5.5
	
	13.0
	8.3

	2
	3.9
	-2.5
	79.0
	6.6
	
	20.8
	16.5

	3
	9.9
	0.8
	72.3
	11.9
	
	49.9
	21.2

	4
	18.9
	7.8
	52.6
	15.6
	
	100.7
	14.2

	5
	25.9
	14.3
	59.2
	19.8
	
	127.4
	48.8

	6
	30.6
	17.5
	51.9
	21.9
	
	150.3
	17.5

	7
	34.1
	21.5
	47.1
	22.7
	
	176.5
	0.0

	8
	34.3
	19.3
	51.3
	22.5
	
	152.4
	0.1

	9
	27.1
	12.9
	52.7
	18.4
	
	104.3
	1.6

	10
	22.5
	8.1
	52.1
	12.5
	
	65.0
	4.1

	11
	10.3
	2.7
	77.7
	5.6
	
	23.8
	31.3

	12
	5.6
	-3.2
	74.0
	5.9
	
	17.4
	12.0

	2004
	20.6
	8.2
	59.0
	15.0
	
	1073.8
	126.5

	1
	5.8
	-1.4
	84.8
	5.6
	
	17.4
	10.3

	2
	11.2
	0.4
	66.9
	10.2
	
	42.4
	7.9

	3
	16.3
	4.2
	52.1
	13.7
	
	77.4
	4.2

	4
	18.9
	7.6
	55.1
	16.8
	
	95.4
	38.6

	5
	29.4
	15.5
	42.4
	21.3
	
	158.2
	2.3

	6
	34.4
	18.6
	35.5
	25.3
	
	176.4
	7.2

	7
	32.8
	20.1
	54.3
	22.8
	
	164.3
	10.2

	8
	32.7
	17.6
	46.9
	22.0
	
	152.8
	5.1

	9
	28.2
	12.1
	49.0
	16.9
	
	96.9
	9.7

	10
	20.1
	3.3
	58.6
	12.7
	
	54.2
	4.7

	11
	13.1
	2.7
	77.4
	7.1
	
	24.9
	16.8

	12
	3.9
	-3.0
	84.4
	5.5
	
	13.5
	9.4

	2005
	20.4
	8.1
	60.5
	15.3
	
	1053.6
	178.1

	1
	1.1
	-5.5
	85.5
	6.1
	
	12.8
	16.4

	2
	0.8
	-8.5
	75.4
	11.5
	
	23.0
	3.1

	3
	16.2
	4.9
	64.4
	13.8
	
	68.3
	16.8

	4
	23.4
	9.6
	49.6
	19.4
	
	111.0
	14.8

	5
	29.5
	15.4
	49.0
	22.0
	
	141.1
	22.9

	6
	34.9
	20.3
	41.9
	24.1
	
	168.8
	28.9

	7
	35.9
	21.6
	47.6
	23.9
	
	176.5
	10.0

	8
	32.1
	17.9
	55.1
	21.5
	
	141.1
	24.5

	9
	30.5
	14.0
	45.5
	18.0
	
	111.0
	13.9

	10
	21.2
	6.5
	52.7
	12.4
	
	62.8
	2.6

	11
	12.3
	0.7
	70.4
	7.5
	
	25.9
	6.5

	12
	5.2
	-0.6
	89.4
	3.6
	
	11.3
	17.7

	2006
	19.8
	7.4
	59.6
	14.6
	
	1073.0
	117.8

	1
	-4.5
	-13.2
	75.0
	6.8
	
	12.3
	3.6

	2
	8.7
	-1.1
	76.9
	9.1
	
	29.4
	7.1

	3
	14.8
	4.2
	64.4
	12.5
	
	66.7
	19.2

	4
	23.0
	9.8
	51.1
	17.8
	
	113.8
	13.8

	5
	29.1
	14.7
	39.8
	20.8
	
	153.4
	13.4

	6
	35.7
	19.6
	38.8
	25.2
	
	182.8
	9.8

	7
	33.7
	19.7
	43.8
	23.0
	
	175.1
	4.4

	8
	35.3
	18.6
	46.3
	22.3
	
	152.0
	6.4

	9
	26.9
	11.3
	52.9
	17.2
	
	95.5
	5.6

	10
	21.4
	8.3
	66.5
	10.4
	
	52.6
	16.1

	11
	11.0
	1.3
	77.2
	6.7
	
	25.0
	11.1

	12
	2.6
	-4.5
	83.9
	3.6
	
	14.4
	7.3

	2007
	20.4
	7.6
	54.3
	14.0
	
	1076.3
	171.8

	1
	7.2
	-2.3
	77.9
	4.4
	
	25.7
	6.1

	2
	7.0
	-2.7
	74.9
	6.3
	
	28.4
	5.9

	3
	12.2
	0.8
	56.6
	11.1
	
	60.3
	25.3

	4
	22.5
	10.9
	57.3
	15.6
	
	102.9
	61.1

	5
	29.2
	14.1
	36.1
	21.7
	
	156.7
	14.6

	6
	34.1
	18.7
	34.0
	24.1
	
	178.7
	15.1

	7
	34.6
	20.8
	43.6
	22.8
	
	165.2
	8.1

	8
	34.3
	18.0
	44.0
	20.7
	
	145.0
	5.7

	9
	28.4
	11.8
	45.2
	17.3
	
	102.3
	5.8

	10
	19.9
	3.9
	48.3
	12.7
	
	62.4
	9.3

	11
	12.2
	0.7
	59.7
	7.2
	
	32.1
	5.8

	12
	2.7
	-3.9
	74.8
	3.9
	
	16.6
	9.0

	2008
	19.9
	6.6
	52.6
	13.9
	
	1120.0
	50.9

	1
	-7.1
	-19.7
	66.6
	6.5
	
	8.8
	0.0

	2
	2.0
	-7.8
	71.5
	6.8
	
	21.3
	6.7

	3
	20.5
	6.9
	47.9
	10.5
	
	75.9
	2.9

	4
	24.3
	10.3
	38.6
	13.5
	
	113.4
	5.8

	5
	30.1
	16.3
	38.0
	14.7
	
	138.1
	11.4

	6
	34.2
	19.3
	30.8
	20.4
	
	181.8
	0.0

	7
	36.4
	20.8
	42.0
	24.8
	
	189.3
	1.4

	8
	34.4
	19.0
	40.4
	22.9
	
	176.3
	0.0

	9
	25.9
	11.6
	46.9
	18.7
	
	112.2
	3.9

	10
	19.5
	6.7
	64.4
	13.1
	
	60.0
	14.4

	11
	13.9
	0.1
	68.3
	9.2
	
	26.2
	0.6

	12
	4.0
	-4.7
	76.3
	5.9
	
	16.7
	3.8

	2009
	20.0
	8.1
	60.1
	14.6
	
	1069.3
	84.3

	1
	3.1
	-4.3
	87.6
	5.0
	
	13.6
	6.9

	2
	8.7
	-1.2
	74.0
	9.0
	
	35.1
	6.1

	3
	16.2
	4.8
	64.7
	14.0
	
	75.4
	11.4

	4
	17.4
	6.4
	56.7
	15.8
	
	84.0
	7.0

	5
	28.9
	15.5
	47.3
	21.4
	
	144.7
	9.7

	6
	34.1
	18.9
	35.0
	25.2
	
	188.6
	0.3

	7
	35.1
	20.5
	39.7
	23.1
	
	174.6
	0.1

	8
	32.0
	18.1
	51.9
	21.1
	
	140.9
	0.0

	9
	26.7
	12.9
	57.5
	16.9
	
	99.8
	35.5

	10
	21.3
	5.6
	54.2
	12.8
	
	65.8
	0.0

	11
	10.4
	2.2
	71.5
	6.2
	
	30.9
	6.5

	12
	4.9
	-2.3
	82.2
	4.7
	
	15.9
	0.9

	2010
	21.0
	7.8
	56.8
	14.8
	
	1038.6
	21.3

	1
	4.2
	-4.0
	74.9
	5.7
	
	22.2
	8.7

	2
	0.6
	-7.3
	81.5
	8.9
	
	19.7
	9.0

	3
	15.0
	3.1
	64.1
	13.4
	
	67.5
	1.5

	4
	23.2
	9.8
	51.7
	17.4
	
	112.6
	0.0

	5
	28.7
	15.2
	45.5
	20.5
	
	146.4
	0.0

	6
	35.8
	20.1
	35.4
	24.1
	
	179.2
	0.0

	7
	34.0
	19.6
	42.1
	21.0
	
	150.7
	0.4

	8
	34.2
	18.0
	49.8
	22.5
	
	139.2
	0.0

	9
	27.7
	11.5
	47.2
	17.8
	
	99.6
	0.0

	10
	21.8
	7.8
	55.5
	11.6
	
	58.0
	0.9

	11
	16.1
	1.7
	66.3
	8.4
	
	24.6
	0.3

	12
	9.0
	-3.5
	68.8
	6.5
	
	18.9
	0.5

	2011
	19.4
	6.9
	57.8
	14.6
	
	1008.6
	44.8

	1
	3.0
	-7.0
	70.3
	7.1
	
	18.9
	0.0

	2
	1.2
	-7.3
	80.8
	10.7
	
	21.7
	0.0

	3
	13.1
	0.9
	59.5
	14.9
	
	64.7
	11.3

	4
	23.2
	10.0
	51.1
	16.5
	
	119.3
	20.7

	5
	30.2
	16.1
	45.3
	20.1
	
	143.5
	2.9

	6
	34.0
	19.4
	44.1
	21.9
	
	154.3
	2.3

	7
	36.3
	20.3
	39.0
	24.1
	
	179.4
	0.0

	8
	34.4
	19.3
	45.2
	20.8
	
	136.8
	0.1

	9
	28.2
	12.3
	49.6
	17.5
	
	90.6
	0.1

	10
	20.1
	6.4
	59.3
	11.1
	
	48.5
	4.0

	11
	6.3
	-2.6
	72.6
	5.9
	
	18.6
	0.7

	12
	1.0
	-6.5
	78.5
	4.7
	
	12.3
	2.7

	2012
	19.5
	6.6
	61.7
	14.7
	
	989.6
	46.3

	1
	-1.7
	-8.6
	88.7
	5.8
	
	10.2
	1.0

	2
	0.2
	-8.9
	79.2
	8.4
	
	19.3
	2.4

	3
	10.9
	1.3
	75.1
	11.5
	
	50.2
	23.0

	4
	28.0
	13.3
	46.6
	19.3
	
	133.9
	3.2

	5
	30.4
	15.5
	41.8
	21.4
	
	159.7
	7.0

	6
	34.5
	19.4
	45.6
	24.3
	
	172.0
	0.0

	7
	35.8
	20.8
	48.3
	23.0
	
	158.8
	0.0

	8
	34.4
	18.2
	54.3
	20.8
	
	125.8
	0.0

	9
	27.6
	10.5
	56.4
	16.4
	
	77.9
	0.0

	10
	21.9
	6.6
	59.1
	11.0
	
	44.5
	6.1

	11
	10.9
	-0.6
	70.1
	7.9
	
	21.9
	2.8

	12
	1.1
	-8.8
	75.5
	6.0
	
	15.4
	0.8

	2013
	21.0
	7.7
	63.4
	13.1
	
	775.3
	47.3

	1
	6.0
	-3.3
	85.4
	5.7
	
	17.7
	13.8

	2
	7.4
	-1.5
	70.0
	9.1
	
	21.9
	5.4

	3
	15.8
	4.2
	70.7
	11.6
	
	46.1
	18.1

	4
	21.1
	8.5
	57.4
	16.5
	
	73.3
	8.9

	5
	29.8
	14.2
	39.5
	21.1
	
	125.2
	0.3

	6
	33.9
	18.2
	41.4
	23.0
	
	144.7
	0.0

	7
	35.6
	19.3
	54.1
	20.8
	
	124.3
	0.2

	8
	33.0
	17.0
	60.7
	17.8
	
	101.2
	0.2

	9
	30.8
	12.6
	56.7
	13.1
	
	63.6
	0.4

	10
	20.2
	4.8
	64.9
	9.1
	
	33.9
	0.0

	11
	14.2
	0.9
	70.0
	5.9
	
	14.9
	0.0

	12
	3.5
	-3.1
	89.6
	3.9
	
	8.5
	0.0

	Grand Total
	20.2
	7.7
	59.4
	14.0
	
	13419.9
	1281.7



1.3.2. Long-term reference ET

Table 2. Monthly base ET reference based on Bush land calculator
	Years/
Months
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	Total

	2001
	14.3
	35.5
	76.9
	117.1
	149.9
	166.6
	170.6
	137.6
	112.4
	63
	28
	18.7
	1090.6

	2002
	18.5
	28.3
	80
	85.7
	132.2
	158.8
	164.1
	144.2
	112.5
	78.5
	33.6
	13.3
	1049.7

	2003
	13
	20.8
	49.9
	100.7
	127.4
	150.3
	176.5
	152.4
	104.3
	65
	23.8
	17.4
	1001.5

	2004
	17.4
	42.4
	77.4
	95.4
	158.2
	176.4
	164.3
	152.8
	96.9
	54.2
	24.9
	13.5
	1073.8

	2005
	12.8
	23
	68.3
	111
	141.1
	168.8
	176.5
	141.1
	111
	62.8
	25.9
	11.3
	1053.6

	2006
	12.3
	29.4
	66.7
	113.8
	153.4
	182.8
	175.1
	152
	95.5
	52.6
	25
	14.4
	1073

	2007
	25.7
	28.4
	60.3
	102.9
	156.7
	178.7
	165.2
	145
	102.3
	62.4
	32.1
	16.6
	1076.3

	2008
	8.8
	21.3
	75.9
	113.4
	138.1
	181.8
	189.3
	176.3
	112.2
	60
	26.2
	16.7
	1120

	2009
	13.6
	35.1
	75.4
	84
	144.7
	188.6
	174.6
	140.9
	99.8
	65.8
	30.9
	15.9
	1069.3

	2010
	22.2
	19.7
	67.5
	112.6
	146.4
	179.2
	150.7
	139.2
	99.6
	58
	24.6
	18.9
	1038.6

	2011
	18.9
	21.7
	64.7
	119.3
	143.5
	154.3
	179.4
	136.8
	90.6
	48.5
	18.6
	12.3
	1008.6

	2012
	10.2
	19.3
	50.2
	133.9
	159.7
	172
	158.8
	125.8
	77.9
	44.5
	21.9
	15.4
	989.6

	2013
	17.7
	21.9
	46.1
	73.3
	125.2
	144.7
	124.3
	101.2
	63.6
	33.9
	14.9
	8.5
	775.3

	Average
	15
	25
	62
	98
	134
	158
	155
	132
	92
	54
	24
	15
	1032



Table 3. Long term average Temperature, rainfall and ET reference
	Months
	Tair avg, *C
	Total Rain, mm
	Rain avg, mm
	ET avg

	1
	-2.1
	92.6
	7.1
	14.7

	2
	0.7
	94.3
	7.3
	24.9

	3
	9.3
	179.1
	13.8
	61.6

	4
	15.9
	216.9
	16.7
	97.7

	5
	22.3
	159.0
	12.2
	134.4

	6
	26.7
	97.6
	7.5
	157.8

	7
	27.8
	45.9
	3.5
	155.5

	8
	26.1
	59.4
	4.6
	132.4

	9
	20.1
	76.4
	5.9
	92.0

	10
	13.6
	82.2
	6.3
	54.2

	11
	6.6
	93.0
	7.2
	24.4

	12
	-0.4
	85.2
	6.6
	14.6

	Total avg
	13.9
	1281.7
	98.6
	 



1.3.3. Walter- Lieth graph 
[image: ]Fig 1. Graphs for Walter and Temperature and ET reference


1.3.4. Annual long term temperature changes
Table 4.
	
	effective temperature > 10 Co
	Annual average temperature Co

	Year
	Sum of daily avg Temp
	Number of days
	Avg of Tair max
	Avg of Tair min
	Avg of Tair avg

	2001
	4397.4
	183
	20.9
	8.3
	14.6

	2002
	4480.6
	192
	20.7
	8.9
	14.8

	2003
	4269.8
	193
	18.9
	7.9
	13.4

	2004
	4102.9
	179
	20.6
	8.2
	14.4

	2005
	4496.4
	187
	20.4
	8.1
	14.2

	2006
	4440
	195
	19.8
	7.4
	13.6

	2007
	4452.4
	198
	20.4
	7.6
	14.0

	2008
	4826.6
	214
	19.9
	6.6
	13.3

	2009
	3897.2
	165
	20.0
	8.1
	14.0

	2010
	4604.6
	205
	21.0
	7.8
	14.4

	2011
	4646.6
	201
	19.4
	6.9
	13.1

	2012
	4689.3
	202
	19.5
	6.6
	13.1

	2013
	4136.8
	180
	21.0
	7.7
	14.3

	Avg 
	4418.5
	191.8
	20.2
	7.7
	13.9




1.4. Discussion

Based on the findings of the past 13 years of weather data, the average temperature amounts to 13.9. The variation is about 1.3 degree within this period. This indicates a typical continental zone. In terms of effective temperature, meaning above 10 Co most of the years, this starts roughly in the mid of April and lasts until mid/end of October which corresponds of an average of 192 days. The Long term 1970-2013 average temperature in the vegetation period (April-October) according to the estimated trend line rose with about 0.4 oC. However, at the same time the temperature for the non-vegetation period increased by 1.8 oC based on average temperature trend line. According to the Bushland calculator average the annual ET reference indicates 1032 mm however, for the vegetation period it amounts to 823 mm. 
This data summarizes the total amount of water requirement for the region in terms of efficient use for water at water scarcity years. In addition, it can support to supply water evenly based on ET base irrigation scheduling at growing period.   
Long term average temperature and ET
ET avg	14.74285714285714	24.914285714285718	61.592857142857163	97.649999999999991	134.39285714285717	157.78571428571428	155.45714285714291	132.37857142857141	91.971428571428547	54.228571428571435	24.385714285714279	14.63571428571429	Tair avg, *C	-2.0635007099531291	0.65333223650216887	9.3172014687988209	15.856162894112071	22.306498842018204	26.697336531339008	27.795396209139586	26.100682486620062	20.13782867521369	13.561840157403642	6.5594440528469091	-0.36552590065251384	month of year

ET, mm

Temperature C*
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