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In this study the values of potential reference crop evapotranspiration were calculated
using the FAO-56 Penman Monteith method in six stations located in southern shores of
Caspian Sea. Trends in annual ETO values of the stations were analyzed using the Mann-
Kendall test. Then to determine the relative importance of climatic variables on ETO in a
certain station factor analysis conducted. To do this, correlation matrix (R) of seven
variables also called similarity matrix was constructed. The significance of correlation
coefficients were tested. Results of trends in ETO showed that in all the stations (except
Noshahr) trends of annual ETO were upward and significant. The slopes of trend lines were
positive in all the stations. Factor analysis showed that the first two factors accounted the
total variance in the range of 56.5 per cent in the Rasht to 79.6 per cent in the Sari. The
largest loading of the first factor is attributed to sunshine hours in the station Rasht,
however, it was maximum air temperature in all other sites. In the case of the second
factor, the largest loading belonged to wind speed (in Rasht, Gorgan, Sari and Noshahr)
and precipitation (in Ramsar and Astara). The findings of this study can be helpful in
optimum management of regional water resources.
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Introduction

Evapotranspiration (ET) is an important element of water cycle. This parameter as well as many
other climatic variables can be affect by climate change. ET is a complex function of many parameters
such as air temperature, relative humidity, actual sunshine hours, wind speed and rainfall. Potential
reference crop evapotranspiration (ETo) is a key parameter in detrmining crop water requirements.
Many researchers interested in trend analysis of ET, in different regions (Dinpashoh et al. 2011, ).
Many others interested in sensitivity analysis of ET, to climatic variables (Biazar et al., 2019;
Nandagiri and Kovoor, 2004; Sharifi and Dinpashoh 2014 and many others). Factor analysis is known
as an efficient tool in converting some variables having strong correlation with each other into the few
orthogonal variables called factors. This method is selected in analysis of multivariate phenomena by
many investigators such as Panda et al. (2006) and Mohan and Arumugam (1996). In the present
study, we tried to estimate ET, in the six synoptic weather stations located in the southern shores of
Caspian Sea in northern Iran. In order to find the relative importance of climatic variables in the region
factor analysis conducted in each of the stations.

Data and Method

Data used in this study are the daily time series of climatic variables namely maximum air
temperature (Tpax), Minimum air temperature (Trin), relative humidity (Rh), actual sunshine hours (n),
wind speed (u) and precipitation. Data gathered from the Islamic Republic of Iran Meteorological
Organization (IRIMO). Six stations selected in this study for analysis.

Values of the potential reference crop evapotranspiration ETy were Calculated using the FAO-56
Penman Monteith method in the six selected stations. Then trends in annual ET, values of the stations
were analyzed using the Mann-Kendall test. In order to determine the relative effectivness of the
selected climatic variables on ET, the factor analysis conducted in each of the stations, separately.
Correlation matrix (R) of the climatic variables was constructed and then used as the similarity matrix
in each site.

Results and Discussion

Preliminary results of trends in ET, showed that in all of the stations (except Noshahr) trends of
annual ET, were upward and significant. The largest value of Z statistics belonged to Gorgan was
5.03. The stations Sari and Rasht having the Z equal to 4.44 and 4.28 are positioned in the second and
third ranks. The slopes of trend lines are positive in all the stations (except Bojnurd). The steepest
trend line slope belonged to the Gorgan which was about 13.43 mm per year. Then Sari and Rasht
positioned in the second and third ranks from the view of having steep slopes. Results of the factor
analysis showed that the first two factors accounted the total variance in the range of 56.5 per cent in
the Rasht to 79.6 per cent in the Sari. The largest loading of the first factor is attributed to sunshine
hours in Rasht, however, it was Tmax for all the other sites. In the case of the second factor the largest
loading belonged to wind speed (in Rasht, Gorgan, Sari and Noshahr) and precipitation (in Ramsar
and Astara). The findings of this study can be useful in optimum management of regional water
resources.

Conclusion

Potential reference crop evapotranspiration (ET,) evaluated in the six stations using the FAO-56
Penman-Monteith method. Stations located in southern fringe of Caspian Sea located in north of Iran.
The values of annual ET, for the stations calculated and found that it was varied from site to site.
Stations located in the west of Caspian shores had ET, from 700 to 950 mm. However, it was ranged
between 800-1200 mm in the case of stations located in the east of the region. Visual inspection of
annual ET, time series revealed an upward trend for all the stations (except station Noshahr) which is
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verified later by MK method. The steepest trend line of annual ET, time series belonged to Gorgan
having 13.43 mm per year. Conducting factor analysis reulted for reducing dimensionality of the data.
Inspection of screeplots of the sites revealed that only two factors would be sufficient to be retained.
Because these two factors accounted for more than 56 per cent of variances in each of the stations. In
the station Rasht, sunshine hours had the largest loading among other variables. However, in the case
of other sites, the Tmax showed the largest loading among the other climatic variables.
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