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Figure 3- Budyko curve in different months of the year during the statistical period (1981-2014) in the Nir

watershed, Ardabil.
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Figure 4- Budyko curve in different seasons during the statistical period (1981-2014) in the Nir watershed,

Ardabil.
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Table 1- Descriptive statistics of metrics in the studied seasons.

Season Statistics Precipitation PET PET/P ET/P
(mm) (mm)
Spring Mean + SD 49.82 +38.14 2.27+0.83 2.74 +6.80 0.89+0.21
Min - Max 1.50 — 254.00 0.00 - 3.69 0.00 — 15.59 0.00 - 1.00
Summer Mean + SD 14.13+11.59 2.88+0.66 10.59 + 0.83 0.98 +£0.06
Min - Max 0.1 -58.00 0.00 - 3.93 0.00 —99.77 0.64 - 1.00
Autumn Mean £+ SD 33.23+23.07 1.17 £0.80 2.07+4.27 0.91+£0.12
Min - Max 0.00 —96.00 0.00 - 4.24 0.00 —28.41 0.20 - 1.00
Winter Mean + SD 25.65+14.87 0.33+0.37 0.21 £0.51 0.78 +£0.23
Min - Max 0.5-286.00 0.00 - 1.48 0.00 -2.78 0.00 - 0.99

0l gy 93 s Jad JOET/P g PET/P gbvasiow sbaejlusl -Y Jous
Table 2- Values of PET/P and ET/P indices in the studied seasons.

Year Spring Summer Autumn Winter
PET/P ET/P PET/P ET/P PET/P ET/P PET/P ET/P
1981 0.81 0.96 3.87 0.99 0.78 0.96 0.00 0.95
1982 1.02 0.60 10.05 0.91 2.30 0.53 0.00 0.47
1983 1.19 0.86 8.57 0.97 0.18 0.94 0.00 0.40
1984 1.82 0.73 7.35 0.98 3.13 0.78 0.15 0.07
1985 1.79 0.88 0.00 0.00 1.32 0.92 0.00 0.82
1986 1.02 0.96 9.08 0.59 1.72 0.76 0.00 0.70
1987 0.50 0.78 0.00 0.99 0.00 0.84 0.00 0.21
1988 0.00 0.65 0.00 1.00 0.00 0.96 0.00 0.62
1989 0.00 0.77 34.10 1.00 0.92 0.86 0.93 0.79
1990 5.54 0.87 21.89 1.00 0.59 0.88 2.78 0.70
1991 1.12 0.84 0.00 0.00 1.71 0.91 0.05 0.78
1992 0.65 0.84 6.14 0.99 0.99 0.93 0.00 0.55
1993 3.13 0.65 6.73 0.99 2.08 0.80 0.02 0.71
1994 1.32 0.96 3.00 1.00 1.99 0.91 0.00 0.79
1995 2.40 0.70 2.69 1.00 0.97 0.91 0.26 0.61
1996 0.55 0.90 9.98 0.88 0.52 0.83 0.16 0.88
1997 1.87 0.98 1.74 1.00 0.85 0.92 0.00 0.81
1999 7.24 0.97 4.57 1.00 2.39 0.89 0.28 0.61
2000 1.74 0.95 16.98 1.00 1.33 0.95 0.07 0.92
2001 2.30 0.99 11.37 1.00 0.54 0.95 1.70 0.78
2002 3.52 0.97 4.00 1.00 0.74 0.95 1.06 0.91
2003 0.92 0.92 10.87 1.00 3.33 1.00 1.30 0.90
2004 1.19 0.97 10.97 0.88 9.86 0.96 1.78 0.88
2005 1.49 0.97 7.25 0.96 0.64 0.95 2.11 0.73
2006 2.08 0.98 45.17 0.99 1.22 0.99 0.70 0.85
2007 2.29 0.95 18.77 1.00 0.59 0.96 0.03 0.99
2008 4.51 0.97 4.62 1.00 6.08 0.98 0.23 0.91
2009 1.55 1.00 8.99 1.00 1.43 0.97 0.48 0.95
2010 1.13 0.99 9.86 1.00 0.75 0.99 0.22 0.99
2011 1.28 0.99 9.60 1.00 9.14 0.87 0.01 0.33
2012 1.99 0.96 8.06 0.96 0.81 0.97 0.00 0.95
2013 2.38 0.99 14.46 0.97 2.82 0.98 0.27 0.97
2014 2.52 0.99 14.83 0.94 5/50 0.96 0.23 0.78
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Introduction and Goal

In hydrological and water resources studies, the understanding of water balance components and
changes holds great significance. Climate changes and human activities affect runoff changes, water resources
management and sustainable development of society. In this regard, the current research was conducted
with the aim of determining and comparing water balance changes using Budyko curve in Nir watershed,
Ardabil province.

Materials and Methods

The Budyko curve was calculated for the Nair watershed in monthly, seasonal and annual time scales. In
this study, the data of the rain gauge and evapotranspiration station of the watershed were also used in
a statistical period of 33-years to calculate the average precipitation and evapotranspiration potential in
the watershed. In the Budyko curve, the non-linear relationship that is limited by the physical limits of
atmospheric water demand (PET>ET) and supply (P>ET) and the aridity index in the Budyko curve show
the long-term water balance.

Results and Discussion

The results showed that, the trend of flow changes is directly related to the trend of weather components in
annual time scale. Meanwhile, contrary to expectation, only in some seasons does the flow change process
follow the change in climatic components. In addation, the Budyko curve analysis indicated that the amount
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of water consumption in the studied watershed regularly deviated from its predicted dependence on
energy and water balance. The maximum, average and minimum ET for the studied years were obtained
as 876.55, 431.85 and 277.88, respectively. Also, the maximum, average and minimum ratio of PET/P
was 0.07, 0.05 and 0.02 respectively. In most of the years studied, the observational data aligned with
the water limit range on the Budyko curve, indicating that the observed water consumption (AET/P)
matched the predicted water consumption (PET/P). According to the results, the changes in AET/P are
less in the years (1981, 1983, 1989, 1994, and 2010). Based on the changes in the values of PET/P and
AET/P in the Budyko curve, the watershed ability to regulate AET can be considerable.

Conclusions and Suggestions

The results of this study indicated that with increased temperature and decreased precipitation, the
annual actual evapotranspiration of the watershed increased, leading to a reduction in runoff. The results
can be the basis for providing management solutions and adapting to the climate change in order to
optimally use the available water resources. In general, it can be said that the amount of potential
evaporation in the studied watershed is more than the amount of precipitation. The study’s findings
can provide a basis for managing water resources under the limitations of climate change and human
abstractions.
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