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ABSTRACT

Climatic and regional conditions have provided a good environment for agricultural
development, especially in the Caspian Sea provinces. The purpose of this study is to identify the
effect of climate variables on spatial analysis of grain yield and Grain cultivation capability in the
southern coast of the Caspian Sea. Then, using important functions of spatial statistics including
moron index and hot spots analysis of spatial patterns of rice, wheat and barley yields on the
southern coast of the Caspian Sea during the statistical period of 2000-2016 were investigated.
According to the results of Moran index analysis, it was determined that the yield of rice, wheat
and barley were positive and close to one in the study period, indicating the clustering of the spatial
distribution of the yield of the products under study. Also, based on the results of Local Indicators
of Spatial Association and the analysis of hot spots, high value values or positive spatial correlation
of rice yield were mainly found in Mazandaran province and high values or positive spatial
correlation of wheat yield in southern parts of Golestan province and limited parts from
Mazandaran Province. For yield of barley, the most areas with high positive spontaneous
autocorrelation (hot spots) are mainly confined to Babolsar and Joybar cities of Mazandaran
province at confidence level of 99%, Babol in 95% confidence level and Aliabad city Located in
Golestan province at a confidence level of 90%. Low value of wheat and barley yields were found
in the eastern and western parts of Gilan province at 99, 95 and 90 percent confidence levels.

Keywords: Caspian coastlines, yield, spatial statistics, Moran index, Hot spots analysis.

Introduction

Despite the importance and role of strategic products such as rice, wheat and barley in the
economic and social conditions of the people living on the southern shore of Caspian Sea,
Mazandaran province among the Caspian Sea provinces, in terms of the persistence of agricultural
resources is weak and the two provinces of Gilan and Golestan, also have weak instability. Overall,
the research conducted in Iran shows that most of these studies have evaluated long-term yield
behavior and cultivation level of crops and identifying the effect of climate variables on crop yield.
Studying the range of methods used in these studies confirms the accuracy of statistical methods in
evaluating and estimating crop yield. However, a summary of the background of the research
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conducted at the national level indicates that the spatial statistics techniques are not used properly.
Therefore, in this research, we have tried to using important functions of spatial statistics including
Moran index and analysis of hot spots of spatial patterns in the rice, wheat and barley yields during
the statistical period of 2000-2016 on the southern shores of the Caspian Sea was investigated.

Materials and methods

In this study, using important functions of spatial statistics including Moron index and hot spots
analysis of spatial patterns of rice, wheat and barley yield on the southern Caspian Sea shore during
the statistical period of 2000-2016 were investigated. Since nonparametric tests are more
appropriate for data series whose statistical distribution is not normal or contains missing data, In
this study, Mann Kendall nonparametric test was used to identify the long term trend of three rice,
wheat and barley crops in the study area including Golestan, Mazandaran and Gilan provinces
during the period of 2000-2016. Then, the trend of spatial and temporal variations in yields of these
products were analyzed for three periods of 2000-2005, 2006-2010 and 2011-2016. Also, it is
important in environmental analysis to understanding how space distribution of yield data and the
patterns and processes that govern it to provide proper planning and management, Therefore, in this
study, spatial statistics analysis methods, including Local Indicators of Spatial Association and Hot
Spot Analysis were used.

Moran index determines the degree of spatial autocorrelation between adjacent values and cells.
The results of this analysis show whether the effects have been distributed randomly, scattered or
clustered in space, and in this index, the values close to the number -1 are strong negative
correlations and close values of +1, are strong positive correlation. Though that the Moran's |
statistic is a general statistic and it is not possible to evaluate the spatial structure, the identification
of local spatial clusters and the areas involved in general spatial autocorrelation, Hence, to display
of the rice, wheat and barley dispersion patterns were used Local Indicators of Spatial Association «
(LISA) and hot spots analysis.

Results and discussion

The results of the Mann Kendall trend test showed that the average yield of rice and barley on
the southern shores of the Caspian Sea has been increasing trend. For wheat, the results showed
positive changes slope but non-significant in Gilan and Mazandaran provinces and negative
changes slope and non-significant in Golestan province.

Changes in rice yield showed that in the first years of the statistical period (2000-2005), the
highest rice yield was concentrated in the western and central parts of Mazandaran province, which
subsequently , in the middle years of the statistical period (2006-2010), a increasing trend was
formed towards the east of the study area. Changes in wheat yield values during the studied period
clearly showed that in the early years of the statistical period (2000-2005) wheat yield was more
than 3000 kg ha-1 in significant parts of Golestan province. Gilan province had the lowest amount
of cultivated fields (5943 hectares) compared to the other two other provinces during the statistical
period, so that the areas under cultivation of barley in Gilan province in the early years of the
statistical period (2000-2005) had a yield below 1000 kg / ha. According to the results of Moran
index analysis, it was determined that the yield of rice, wheat and barley were positive and close to
one in the study period, indicating the clustering of the spatial distribution of the yield of the
products under study. Also, based on the results of Local Indicators of Spatial Association and the
analysis of hot spots, high values or positive spatial autocorrelation of rice yield were mainly found
in Mazandaran province and high values or positive spatial autocorrelation of wheat yield in
southern parts of Golestan province and limited parts from Mazandaran Province. For yield of
barley, the most areas with high positive autocorrelation (hot spots) were mainly confined to
Babolsar and Joybar cities of Mazandaran province at confidence level of 99%, Babol in 95%
confidence level and Aliabad city located in Golestan province at a confidence level of 90%. Low
value of wheat and barley yields were found in the eastern and western parts of Gilan province at
99, 95 and 90 percent confidence levels. The Low value or negative autocorrelation (LL) rice yield
patterns were observed only in Rudbar city, Gilan province.



Conclusion

According to the research findings, it was found that mainly the highest rice yields in significant
parts of Mazandaran province and limited parts of Golestan province are located, while based on
the results of both local Moran(LISA) and analysis Hot Spot, rice yield in Gilan province has
negative spatial autocorrelation. Regarding wheat, the highest amounts of cultivation region was
observed in Golestan province with an average of 360,263 thousand hectares during the statistical
period that in this regard, based on the results of the local Moran pattern and hot spots analysis, it
was revealed that areas with high positive spatial autocorrelation(hot spots) is limited to the
southern parts of Golestan province and limited parts of Mazandaran province, including Babolsar
and Joybar areas, at various confidence levels.

Keywords: Caspian coastlines, yield, spatial statistics, Moran index, Hot spots analysis.
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