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The outputs of general circulation models (GCMs) usually have a bias compared to
observational data, and some corrections must be made before using them to develop
future climate scenarios. The bias correction methods are the standard statistical methods
for processing the output of climate models. In this research, the effect of five bias
correction methods on the projected precipitation of the GFDL-ESM4 model in the Lake
Urmia basin has been evaluated. The methods used in this research include linear scaling
(LS), local intensity scaling (LOCI), power transformation (PT), distribution mapping
(DM) and delta change factor (DC). Statistical metrics such as the correlation coefficient,
root mean square error (RMSE) and percentage bias (PBias) have been used to evaluate the
accuracy of the corrected data in the period of 1990-2014 compared to the observational
data and to choose the best method for correcting the data of future scenarios. research
results showed that the delta change method significantly improved the raw estimates after
correction; Therefore, this method was used to correct the data of scenarios SSP1-2.6,
SSP2-4.5 and SSP5-8.5. In addition, the projection of the mean annual precipitation shows
a decrease between 2 and 9 percent in SSP1-2.6, between 5 and 17 percent in SSP2-4.5,
and between 8 and 26 percent in SSP2-8.5 compared to the observed data.
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Introduction

According to the report of the Intergovernmental Panel on Climate Change (IPCC), the global concentration of
greenhouse gases in the atmosphere has increased significantly due to economic and population growth (IPCC,
2013), which leads to changes in the characteristics of climate variables and the occurrence of extreme events
(Almazroui et al., 2020). General circulation models (GCMs) are tools for understanding past climate
mechanisms and predicting possible future climate changes under emission scenarios (Taylor et al., 2012).
Compared to CMIP5, the models in CMIP6 generally have better model resolution and improved physical
processes (Stouffer et al., 2017). However, several studies have reported that climate simulations of GCMs
contain errors and uncertainties (Mendez et al., 2020; IPCC, 2021). Therefore, it is necessary to use downscaling
or bias correction methods.

A review of previous research showed that despite the high capability of bias correction methods in
correcting rainfall forecasts, a comprehensive evaluation of different bias correction methods has not been done
so far. Therefore, in the present study, the bias correction methods of linear scaling (LS), local intensity scaling
(LOCI), power transformation (PT), distribution mapping (DM) and delta factor change (DC) are evaluated on
the GFDL-ESM4 model. Precipitation projection for future periods has also been done using the best bias
correction method and based on SSP1-2.6, SSP2-4.5 and SSP5-8.5 scenarios in lake Urmia basin.

Data and Method

Linear scaling (LS)

The LS method is the simplest bias correction technique that has been used by various researchers in correcting
climate projection. This method corrects the bias of the mean of historical data with the observational data
completely and with a linear ratio (Shrestha et al., 2015).

Local intensity scaling (LOCI)

In addition to the average, the LOCI method adjusts the frequency and intensity of wet days precipitation. This
method practically eliminates the effect of low rainfall because rainy days above the threshold are often added to
the model outputs.

Power transformation (PT)

This method uses a power conversion function for the predicted precipitation and performs bias corrections so
that both the variance (o) of the predicted and observed precipitation and their mean (p) match each other.
Distribution mapping (DM)

The DM method is applied to correct the mean, standard deviation (SD) and quantiles by equalizing the
distribution functions of GCM model outputs and observational data.

Delta change factor (DC)

In this method, first, the average difference between the historical data and the scenario is determined. This
difference/delta is then added to the average of the observed data to calculate future predictions using a
multiplier factor.

In order to evaluate the efficiency of bias correction methods in reproducing GCM precipitation data, three
criteria are used: correlation coefficient (cc), root mean square error (RMSE) and percentage bias (PBias).

Results and Discussion

Comparison of historical data of GFDL-ESM4 model before correction with observational data in lake Urmia
basin shows that historical data have completely different patterns compared to observational data. The
calculated correlation coefficient shows a poor agreement between the two data series, and the RMSE value
indicates more variability of the data. In addition, according to PBIAS, the precipitation intensity in the historical
data series is overestimated by 54.6% over the study area. The prediction of precipitation data can be improved
by using bias correction methods. After bias correction, the comparison of the annual mean of the observed data
and historical corrected data showed that all bias correction methods can correct the biases to some extent. But
the Delta change method has performed better than other methods in correcting the historical data (1990-2014)
of the GFDL-ESM4 model in the Lake Urmia basin.

After choosing the best bias correction method in Lake Urmia basin, the precipitation data of GFDL-ESM4
model in the near future (2026-2050), mid future (2051-2075) and far future (2075-2100) based on SSP1-2.6,
SSP2-4.5 and SSP5-8.5 were corrected using delta change method. In the near future (2026-2050), the annual
mean precipitation in Lake Urmia basin will decrease compared to the observed data. Based on the SSP1-2.6,
SSP2-4.5 and SSP5-8.5 scenarios, the amount of precipitation reduction will be 1.7%, 4.8% and 7.5%,
respectively. The geographical distribution of mean annual precipitation in the near future shows that the
precipitation will increase towards the south and southwest. South-western parts (Sagez) receive more
precipitation, while north-eastern parts (sarab) receive less precipitation. Also, based on the SSP5-8.5 scenario,
all stations receive less precipitation than the SSP1-2.6. In the mid future (2051-2075) and compared to the
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observed data, the SSP1-2.6 scenario shows a decrease of 7.5% in average annual precipitation, while SSP2-4.5
and SSP5-8.5 scenarios show a decrease of 13.6%, and 14.7%, respectively. The spatial distribution of mean
annual precipitation in this period shows that based on the results of all three scenarios, except for the
southwestern parts, all parts of the basin will receive precipitation less than 328 mm (the regional average of the
observed period). In the far future (2076-2100), the mean annual precipitation of the basin will decrease by 9.2%
in SSP2.6, 17.7% in SSP2-4.5, and 26% in SSP8.5 compared to the observed data.

In general, the results of GFDL-ESM4 model based on SSP1-2.6, SSP2-4.5 and SSP5-8.5, indicate a
decrease in rainfall in the coming periods in Lake Urmia basin. Heavy precipitation and low precipitation cause
floods and droughts, respectively. However, the effects of floods and droughts are expected to be low due to the
absence of consecutive flood and drought years. Considering the strategic location of Lake Urmia, both in terms
of proximity to neighboring countries and in terms of agricultural activities and food security, the lack of water
resources caused by the decrease in precipitation can lead to problems in this region.

Conclusion

This research was conducted with the aim of presenting a summary of different bias correction methods and their
evaluation methods in the Lake Urmia basin using different statistical indices (correlation coefficient, RMSE and
PBIAS). The results of this research indicate that the raw forecasts of precipitation in most days did not have the
desired accuracy. It is found that the Delta Change approach has produced good agreement and fewer deviations
against observed precipitation than other methods. As a result, it indicates that the DC approach is the best for
correcting the scenarios datasets in this study area. Bias corrected future precipitation estimates show
considerable shifts throughout the century. Compared to observed data, the annual mean precipitation projections
indicated an overall decrease in precipitation intensity.
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