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Evaluation of Effective Meteorological Variables on Reference
Evapotranspiration Trend in Lake Urmia Basin

Somayeh Hejabi'*, Hassan Rezaeian?, Mohammad Amin Vazifekhah?

Abstract

Reference Evapotranspiration (ET,) has an important role in irrigation management and
scheduling. Evaluating the sensitivity of ET, to different meteorological variables and
contribution of each variable in ET, trend is essential for better management of water crisis in
Lake Urmia basin. In this study, ET, in 13 synoptic stations in and around Lake Urmia basin for
the period 1990-2018 was estimated by the FAO Penman-Monteith method. Trend analysis
showed that the average annual ET, of stations has significant increasing trend of 8.0 mm year.
In addition, the trend analysis of the average annual meteorological variables of the stations
reveals significant increasing trends in minimum temperature (Tmin) (0.07 °C year™), maximum
temperature (Tmax) (0.09 °C year®), and wind speed (u,) (0.02 m s year?). Sensitivity analysis of
ET, to meteorological variables indicate that on an annual temporal scale, the maximum
sensitivity of ET, is to relative humidity (RH) and the minimum sensitivity of ET, is to Tmin. Also,
during this period, the sensitivity of ET, to Tmax, U2, and RH increased and the sensitivity of ET,
to solar radiation (Rs) decreased. The contribution analysis of meteorological variables to ET,
variations indicate that in most stations (with arid and semi-arid climate), u, has the largest
contribution in ET, variations. However, in Sardasht station with a very humid climate, the
contribution of other factors in the ET, trend (decrease in RH and increase in Tmin and Tmax) iS
greater than the effect of decrease in u,. The results of this study highlights the need to pay
attention to the different response of ET, to meteorological variables changes in different climates
in planning water resources systems and studies that are dependent on climate change scenarios.

Keywords: Reference evapotranspiration, Sensitivity analysis, Contribution analysis,
Trend analysis, Lake Urmia basin.
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Abstract

Reference Evapotranspiration (ET,) has an important role in irrigation
management and scheduling. Evaluating the sensitivity of ET, to different
meteorological variables and contribution of each variable in ET, trend is
essential for better management of water crisis in Lake Urmia basin. In
this study, ET, in 13 synoptic stations in and around Lake Urmia basin for
the period 1990-2018 was estimated by the FAO Penman-Monteith
method. Trend analysis showed that the average annual ET, of stations
has significant increasing trend of 8.0 mm year2. In addition, the trend
analysis of the average annual meteorological variables of the stations
reveals significant increasing trends in minimum temperature (Tmin) (0.07
°C year?), maximum temperature (Tmax) (0.09 °C year?), and wind speed
(u2) (0.02 m st year?). Sensitivity analysis of ET, to meteorological
variables indicate that on an annual temporal scale, the maximum
sensitivity of ET, is to relative humidity (RH) and the minimum
sensitivity of ET, is to Tmin. AlSo, during this period, the sensitivity of ET,
to Tmax, Uz, and RH increased and the sensitivity of ET, to solar radiation
(Rs) decreased. The contribution analysis of meteorological variables to
ET, variations indicate that in most stations (with arid and semi-arid
climate), u, has the largest contribution in ET, variations. However, in
Sardasht station with a very humid climate, the contribution of other
factors in the ET, trend (decrease in RH and increase in Tmin and Tmax) is
greater than the effect of decrease in u.. The results of this study highlights
the need to pay attention to the different response of ET, to meteorological
variables changes in different climates in planning water resources
systems and studies that are dependent on climate change scenarios.
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1. Introduction

Lake Urmia is one of the most hypersaline lakes in the world that has encountered a drying crisis during
the last years. The increasing trend of air temperature and evapotranspiration and decreasing trend of
precipitation have resulted in increasing the frequency of drought occurrences in the Lake Urmia basin.
The reference evapotranspiration (ETo), as an important indicator of atmospheric evaporative demand,
is an important agrometeorologic parameter for climatic and hydrologic studies. The results of previous
studies represent an increasing trend in ETo in Lake Urmia basin during the last decades. The sensitivity
analysis of ETo to meteorological variables is necessary for understanding the relative role of each
meteorological variable in ETo modeling. Since both the sensitivity of ETo to meteorological variables
and the trend of meteorological variables affect the trend of ETo, the contribution analysis of
meteorological variables can show the amount of ETo variations in terms of the variations of the
meteorological variables. The aim of this study is to investigate the effects of the meteorological
variables on ETo variations through sensitivity analysis of ETo and contribution analysis of
meteorological variables to ETo variations in the Lake Urmia basin.

2. Materials and Methods

The applied meteorological data include the daily observations of minimum temperature (Tmin),
maximum temperature (Tmax), relative humidity (RH), 10-meter wind speed (u10) and sunshine hours
(n) for the period 1990-2018 related to 13 synoptic stations in and around the Lake Urmia basin. The
FAO Penman- Monteith method was used for ETo estimation. The linear regression fitting method and
Mann-Kendall test were applied for investigating the trend analysis of the meteorological variables and
ETo. The daily dimensionless sensitivity coefficients were calculated for sensitivity analysis of ETo.
Then, the contribution of each meteorological variable to ETo variations was investigated.

3. Results

The average annual ETo is 1260.6 mm year-1 and shows a significant increasing trend of 8 mm year-
2. The results of trend analysis of meteorological variables show a significant increasing trend of Tmin
(0.07 °C year-1), a significant increasing trend of Tmax (0.09 °C year-1) and a significant increasing
trend of u2 (0.02 m s-1 year-1). The results of the sensitivity analysis show that, on average, the
maximum sensitivity of ETo is related to RH (S=-0.42) and the minimum sensitivity is related to Tmin
(S=0.04). The results of the contribution analysis show that u2 (0.8-15.4 %) and Tmax (1.6-5.7 %) have
the most contribution to the ETo variations. The contribution of Rs and Tmin to the ETo variation was
negligible. Despite the higher sensitivity of ETo to RH, the contribution of RH to ETo variation was
low due to the insignificant trend of RH during the studied period.

4. Discussion and Conclusion
The results of this study shows that an increasing trend of wind speed (u2) was the most important
factor in the increasing trend of ETo in arid and semi-arid regions and confirms the findings of Nouri
et al. (2017), Tabari et al. (2012) and Nouri and Bannayan (2019). Therefore, it can be concluded that
the aerodynamic component of the reference evapotranspiration in comparison to the radiative
component has been more affected by the climatic factors.
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