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Abstract 

In this paper,  an attempt was made to predict wheat yield at Gharakhil (North of Iran).  Thirteen years (1982/83- 2000/2001) data were used for developing the model,  and five years (2002-2006) data were used for testing the results.  The regression model,  with minimum parameters (Y=11749.741+161.884 X 1+8.973 X2-41.407 X3+23.707 X4-15.595 X 5 - 168.389 X6) can be used to predict the wheat yield products (Y) one month before harvesting at Gharakhil.  The six predictors are: the average of maximum temperature in January (X 1),  the total sunshine hours in February (X2),  the total rainfall in February (X3),  the average of minimum relative humidity in March (X4),  the total rainfall in May (X5 ),  the average of minimum relative humidity in May (X6).  Although the determination coefficient of the model is high ( R2=0.91),  there are some differences between the observed and predicted yield product from one year to another in the data set.  The RMSE was calculated as 408 kg.ha-1 .  The results show that sensitive stages of wheat growing are affected by climatology factors.  These stages are booting,  milky,  waxy and maturity maturity.  Germination and tillering stages have been affected the least by weather parameters.  
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Introduction
Crop productions are intensively affected by meteorological factors.  On the other hand crop growth is such a complicated procedure that involves numerous parameters.  However, It is not possible to investigate the effect of the factors individually (Koocheki and Banayan,  1996).  If we provide a yield forecasting model in suitable periods with accurate spatial and temporal resolutions,  we could define a useful index for our food security programs.  We also could develop an experimental equation to define a mathematical relation between clamatology factors and crop yield to predict product yield.  Nowadays,  two different models are used for production yield prediction,  statistical and simulated models.
Statistical models are generally based on regression analysis by which we could calculate production yield.  To develop such models we need to use a long term climatic and production yield data in the same period of time.  There are some problems with using of these models.  The effect of each individual factor is not clearly known in the output of the model and also the effect of physiological construction of each crop can not be considered in the calculation (Banayan and Kamali,  1993; Koocheki and Banayan,  1996).
Simulated models are based on physiological phases of a plant growth by which growth phases are mathematically simulated (Skjelvag,,1979; Baier,  1977). Along with the two methods other new models are also developed based on neural network analysis, which are not widely used (Safa,  2003).
Production yield prediction was firstly used in Iran in 1970th .  In the early researches,  it was tried to find a simple statistical equation between climatic factors and production yield.  Lumas (1973) studied the relation between precipitation and wheat production yield in Iran.  Aryan and Sepaskhah (1991) and also Honar and Sepaskhah(1994) modified CRPSM for wheat and corn production yield prediction in Iran and call it CRPSMI.  In the modified model,  plant transpiration was determined as a function of ripping divided by effective plant cover.  Khalili and Safa (2003) used an artificial neural network model to predict production yield in Sararood (West of Iran).  They used 10 years climatic data in a matrix with 11 plant phenological stages of wheat and 11 meteorological factors in each agriculture year to derive different networks for each plant growth stage.  Afterward,  they used a try and error method to optimize the factors in each network.  They reported 45 t0 60 kg/ha error for their model which was applied 2 months before crop ripe (Safa,  2003).
Material and method

We used the data from an agro-meteorological research farm located in Gharakhil, countryside of Ghaemshahr (North of Iran).  The research farm is located in Talar Rood basin located between Alborz Mountains and Caspian see (36.27 N and 54.46 E).  The area is covered mostly by rice farms and some by moorland.  The lands are slightly sloped (less than 3 degree) and the soil type is Post-Humic-clay with a pH of more than 7.
It's climate is moderate and semi humid where maximum temperature is 43 degree Celsius and minimum temperature is -9.5 degree Celsius and mean annual precipitation is 733.9 mm.  The data was including wheat yield,  phenological stages and meteorological data for 18 years from 1982 to 2006.  Four different wheat varieties were cultivated including Indian variety (during 1987 to 1983),  Golestan (during 1988,  1992,  1993 and 1996),  Tajan (during 1998 to 2001) and Shanghais (during 2002 to 2006).  We used two third of data for developing our model and one third for testing the model.  We used phenological data for each year to determine average of the beginning and the end of the phenological period as well as the length of the period (Table 1).
Table 1.  Average data of the beginning and the end of phenological stages
	Average of the period length
	Average date of the end
	Average date of the beginning
	Phenological stage

	-----------------
	-----------------
	16 December
	Cultivation

	9
	30 December
	22 December
	Germination

	16
	15 January
	31 December
	Emergence

	12
	28January
	16 January
	Trifoliate leaf

	15
	12 February
	29 January
	Tillering

	15
	17 March
	3 March
	Jointing

	9
	24 April
	16 April
	Heading

	6
	1 May
	26 April
	Booting

	7
	15 May
	9May
	Milky

	15
	1 June
	18 May
	Waxy

	8
	8 June
	1 June
	Maturation


Eight meteorological factors were selected based on phenological stage of wheat including: mean,  maximum and minimum air temperature,  total daily precipitation,  daily sunshine hours,  average of wind speed in m/s,  average of minimum relative humidity in percentage and daily evaporation in mm/day.
We used multivariate regression equations to discover the effect of independent variables on dependent variable simultaneously.  SPSS software was used for this analysis.  The independent variables are meteorological factors and the dependent variable is wheat production yield in different years during the study period.  The following equation was used for the regression analysis:

Y = a + b1 x1 + b2 x2 + … + bn xn
In which xi (differing from 1 to n) is meteorological factors and Y is wheat production yield.
Results and discussion
Table 2 and table 3 show sensitivity of phenological stages in the end of growth period for each of the meteorological factors.  It can be seen that among phenological stages of wheat,  germination and jointing stages are affected the least by meteorological factors, while booting and seat setting and maturation stages are affected the most.
The most sensitive phenological stages to relative humidity are seat setting and maturation.  Therefore in the last day of May and June when there is a stable weather condition with low precipitation and also low relative humidity,  production yield is increased (Cynthia and Tubiello,1995).

Table 2- The equations derived for each phenological stage

	R2
	Equation
	Equation number

	0.59
	Y=-58.79+3.9EJan*
	1

	0.30
	Y=9.01+(SJan)-0.2(TxJan)


	2

	0.85
	Y=162.86-1.005(PFeb)-12.52(TmFeb)

	3

	0.20
	Y=-341+4.65RHMar+WMar

	4

	0.40
	Y= -2491.46+ 30.26PApr + 232TxApr


	5

	0.40
	Y=9452+25.92PMay-153.96 RHay+16.4 SMay

	6

	0.41
	Y= - 14675.3 + 702.57 TaJune + SJune - 0.4 RHJune

	7


* In the above equations E is evaporation,  S is sunshine hours,  Tx,  Tm and Ta are maximum,  minimum and mean air temperature respectively,  RH is relative humidity,  W is average of wind speed and P is precipitation.  The variable names are followed by the abbreviation of the corresponding month.
Table 3- Corelation coefficients for different variables in different months where there was a significant correlation with wheat production yield.

	Corelation coefficient (r)
	Variable
	Corelation coefficient (r)
	Variable

	0.77+
	EJan
	0.77+
	EJan

	0.26+
	SJan
	0.26+
	SJan

	0.11-
	TxJan
	0.11-
	TxJan

	0.80-
	PFeb
	0.80-
	PFeb

	0.10+
	TmFeb
	0.10+
	TmFeb

	0.38+
	PApr
	0.38+
	PApr

	0.26+
	TxApr
	0.26+
	TxApr

	0.56+
	SMay
	0.56+
	SMay

	0.10+
	PMay
	0.10+
	PMay

	0.38-
	RHMay
	0.38-
	RHMAY

	0.66+
	TmJun
	0.66+
	TmJun

	0.50+
	RHJun
	0.50+
	RHJun


Production yield has been decreased when there has been high precipitation and flash flood in tillering stage during February.  However,  high precipitation could cause increasing in production yield in the beginning of booting stages(Landau et all,  1998; McIntosh and Schlenker,  2005 and Baier,  1977).  In this month,  the effect of maximum temperature is also evidence so that increasing of maximum temperature causes more heading and eventually more wheat production (Sarmadnia and Koocheki,  1989 and Esmaeili,  1992).  Sunshine hours factor is very important in seat setting and maturation stages and somehow in emergent and trifoliate stage.  This factor is effective on developing and growing of wheat plants.  The effect of evaporation is also evidence in emergent and trifoliate stages.

The multiple regression model for wheat production yield prediction

Using 13 years data for meteorological factors in a multiple regression analysis by considering 8 meteorological factors,  the following model was developed to predict wheat production yield in Ghrakhil.

Y = 35618.863+39.805 SJan - 270.525 TxJan - 16.332 RFeb - 1232.427 TmFeb - 30.558 PApr -1061.234 TxApr + 46.318 SMay - 29.274 PMay + 172.155 RHMay - 419.173 TaJun - 235.135 RHJun 


(1)
In Which Tx,  Tm and Ta are maximum,  minimum and mean air temperature respectively,  RH is relative humidity,  P is precipitation.  The variable names are followed by the abbreviation of the corresponding month. The above model is significant in 5% level in which R2 = 0.81.


[image: image1]
Figure 1.  Comparing actual (observed) and predicted (by the model) production yield.

Figure 1 shows actual (observed) and predicted (by the model) wheat production yield in Gharakhil.  The root mean square of differences between predicted and observed data is 573 Kg/Ha,  which propose that the effect of some other non meteorological factors should also be considered for more accurate prediction.  For example we did not consider disease and harmful weather events like hailstone,  freezing and flood.
The second model was developed based on data for the growing period extended to the end of milky and seat setting stages.
Y = 11749.741 + 161.884 TxJan + 8.973 SMay - 41.407 PFeb + 23.707 RHMar - 15.595 PMay - 168.389 RHMay
(2)
In which Tx,  maximum air temperature respectively,  S is sun shine hours,  RH is relative humidity,  P is precipitation.  The variable names are followed by the abbreviation of the corresponding month.

The results from the above model is significant in 5% level with R2 = 0.91 Figure 2 shows the comparing results of the model and the observed data for wheat production yield.  The mean root square of differences between observed and modeled data is 408 Kg/Ha which shows that the second model is more accurate than the first one.

[image: image2]
Figure 2.  Comparing actual (observed) and predicted (by the model) production yield for the growing period extended to the end of milky and seat setting stages.
Table 4 shows the results of comparing the two models.  It can be seen that model number 2 uses less meteorological factors but gives higher R and also higher correlation coefficient with actual production yield.  More over,  model 2 is run for one month before harvesting and can be more useful.

Table 4.  Comparing of the results of the two models developed in this research
	Number of parameters used in the model
	Corelation coefficient
	RMS (Kg/Ha)
	R2
	Model number

	11
	0.65
	573
	0.81
	1

	6
	0.72
	408
	0.91
	2


Conclusion
The results from this study emphasis that the meteorological factors can be used effectively for wheat production yield in Gharakhil.  However,  it is recommended to use these models in other areas,  only if it is tested with the new data set.  It is also concluded that the model 2 is more accurate and also more applicable for Gharakhil.  The results show that sensitive stages of wheat growing are affected by climatology factors.  These stages are booting,  milky,  waxy and maturity.  Germination and tillering stages have been affected the least by climatology parameters while booting and seat setting and maturation stages are affected the most.
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