Journal of

Geography and Planning Vol. 27, Issue. 85, Autumn 2023

Research Paper

SR

. sty g
T

Evaluation of Land Use Changes in Kiwi Chay Basin and Pl
Analysis of Precipitation and Temperature Changes in OS50

Future Periods with CMIP5 Mmodels

Shirin Mahdavian?, Batol Zeynali**, Bromand Salahi 3

@ @ @ This paper is an open access and licenced under the CC BY NC licence.

Refference to this article: Mahdavian, Sh; Zeynali, B; Salahi, B. (2023).

) Evaluation of Land Use Changes in Kiwi Chay Basin and Analysis of
d DOI:10.22034/GP.2022.50623.2977 Precipitation and Temperature Changes in Future Periods with CMIP5
Mmodels. Geography and Planning, 27(85): 133-143.
Keywords ABSTRACT

Fifth Climate Change
Assessment Report, Land
Use Change, Object
Oriented Classification,
Kiwi Tea Basin

Received: 2022/03/03
Accepted: 2022/08/29
Available: 2023/10/22

Climate diversity and land use / land cover change have a significant impact on
hydrological regimes, especially in arid and semi-arid regions with critical water
shortage problems. Therefore, estimating and evaluating climate change and land use
and its consequences in each catchment is essential. This study examined the climate
change of Kiwi Tea Basin using the data of four models of the Fifth Climate Change
Assessment Report (CMIP5) under both optimistic and pessimistic scenarios (RCP8.5
and RCP4.5) using the LARS-WG6 microcirculation model. Changes in precipitation
and temperature during three different periods (2040-2021, 2060-2041 and 2080-2061)
compared to the base period (2019-1987) have been studied and for calibration and
validation of LARS-WG6 model, observational data and output data of models with the
use of Fand T tests as well as RMSE, MSE, MAE and R2 indices were compared and
evaluated. Based on the results of most of the models and the average of the studied
models, in general, it is expected that the amount of precipitation and the minimum and
maximum temperature in all the studied models will increase compared to the base
period. Also, the results of evaluating land use changes with object-oriented
classification showed that rangeland use with an area of 1224.18 and 1046.59 square
kilometers, respectively, covered the largest area in both periods, while in 1987,
residential use with an area of 3.66 square kilometers and in 2019, water use with an
area of 3.77 square kilometers had the lowest area. Also, the most modified use of
rangeland use was dryland agriculture (181 square kilometers), which indicates the
destruction of rangelands Findings showed that land use change in the period of 33
years (1987-2019) has led to a decrease in rangeland lands and also an increase in
rainfed arable lands in the basin. Drought in some parts of this basin is annual and
seasonal which shows the effect of climate change on land use change.
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Extended Abstract

Introduction

Limited water resources and increasing demand for various uses, causes the water crisis and its adverse consequences,
which requires increased accuracy in its protection and optimal use. In order to supply and exploit water resources in
various fields of consumption, especially agriculture, it is necessary to plan in principle for the sustainable exploitation
of these resources, and for this purpose, the water potentials of the target areas should be well evaluated.

Data and methods

The data used include daily precipitation, minimum and maximum temperatures of Khalkhal synoptic station with the
length of the period (1987-2019). This data was obtained from the Meteorological Center of Ardabil Province. In order
to calibrate and ensure the accuracy of the LARS-WG Model 6, a baseline scenario was first implemented for the
statistical period (1987-2019). Then, the outputs of the model, which include minimum and maximum temperatures,
monthly precipitation and their standard deviation, were compared with the observational data of 33 years (2019-1987)
of the studied station. To validate the model, 3 Kolmograph-Smirnov KS statistical tests (comparison of probability
distributions), F test (standard deviation comparison) and T test for (comparison of means) were used. In the next step,
using the data of 4 atmospheric circulation models of CMIP5 complex (EC-EARTH, HadGEM2-ES, MIROC5, MPI-
ESM) whose specifications are given in table (1) and under two scenarios Rcp4.5) CO2 concentration by 2100; 650
ppm and the effect of greenhouse gases on radiation inductions (4.5 watts per square meter) and 8.5 Rcp) CO2
concentration by 2100; 1370 ppm and the effect of greenhouse gases on radiation inductions (up to 5.8 watts per square
meter). Climatic variables were simulated for three pairs (2040-2021), (2060-2041) and (2080-2061). In the last stage,
the climatic variables of the base period (1987-2019) were compared with the next three periods. Data from Landsat
TM (1987) and Landsat 8 (2019) OLIs over a period of 33 years were also used to assess the trend of land use change
in the Kiwi Tea Basin.

Discussion and results

The results obtained from the evaluation of the efficiency of the LARS-WG model show that the model has a more
accurate accuracy in temperature simulation than precipitation simulation. The model has been equally successful in
simulating temperature parameters (maximum temperature and minimum temperature). In general, the results of error
measurement indices indicate that the LARS-WG6 model has good accuracy for micro-scaling of climatic parameters
in the study station, especially temperature indices. The mean and standard deviation of the observed observational and
computational precipitation data are proportional. This indicates that the probable distributions of the observational and
computational data are approximately equal. Of course, simulation of precipitation data is slightly erroneous due to the
presence or absence of a rainy day. Also, the graph of the mean and standard deviation of the monthly minimum and
maximum observational and computational data shows that the estimation of the mean of the data is appropriate but the
standard deviation of the data is inappropriate. Based on the results of most models and the average of the studied
models in general, it is expected that the amount of precipitation will increase in the future. The highest difference in
precipitation compared to the base period based on the HadGEM2 model is 60.9 mm in the period (2080-2061). The
amount of minimum and maximum temperature in the next three periods (2040-2021, 2060-2041 and 2080-2061)
compared to the base period (1987-2019) according to the studied models shows that in all three periods and based on
all models The minimum and maximum temperatures will increase compared to the base period. The highest minimum
temperature difference compared to the base period based on the HadGEM2 model is 3.4 degrees Celsius. The lowest
minimum temperature difference is related to MIROC5 model with a rate of 0.95 compared to the base period. . The
highest difference in maximum temperature is related to HadGEM2 model by 3.98 Celsius compared to the base period
and the lowest difference in EC-EARTH model is 1 Celsius compared to the base period. In this study, after applying
land classification by object-oriented method, land use map in seven classes; Rainfed agriculture, irrigated agriculture,
gardens, forests, residential, pasture and water were prepared. Basin land use map, rangeland cover is the predominant
land use class; However, a significant decrease has been observed from 1224.18 square kilometers to 1046.55 square
kilometers between 1987 and 2019. In the same period, the area of irrigated agricultural use from 137.80 to 388.71
square kilometers, garden from 10.48 to 60.97 square kilometers, forest from 47.35 to 75.47 square kilometers and
residential areas from 3.66 to 32.64 square kilometers Increased, while the area of rainfed agriculture decreased from
390.40 to 217.04 square kilometers and water decreased from 11.32 to 2.32 square kilometers. Also, the analysis of land
use changes shows that in the years 2018-1987, (112.62%) 212.90 square kilometers of rainfed agricultural land has
been converted to rangeland and 20.1 (10.1%) has been converted to irrigated agriculture. The highest land use transfer



is the conversion of rangeland to rainfed agriculture with an amount of (14.8%) 181.22 square kilometers. It is
noteworthy that 67.37 square kilometers (3.69%) of residential areas have remained unchanged. The water has remained
largely unchanged and only 2.31 square kilometers (0.07) has been turned into pasture. It is interesting to know that
10469.59 square kilometers (57.38) of the rangeland has changed its use from 1987 to 2019. Examining the relationship
between climate change and land use, it was found that land use change in the period of 33 years (1987-2019) has led
to a decrease in rangeland lands and also an increase in rainfed arable land in the basin, which is both a factor of climate
change and Human factors can be involved.

Result

In this study, the data of four models of general atmospheric circulation under two scenarios of optimism and pessimism
(RCP8.5 and RCP4.5) were used using the LARS-WG6 microscale model and precipitation and temperature changes
during three different periods (2040-2021, 2060 -2041 and 2080-2061) compared to the base period (2019-1987) were
examined. The results show that the model was more accurate in simulating temperature than simulating precipitation.
The model has been equally successful in simulating temperature parameters (maximum temperature and minimum
temperature). In general, the results of error measurement indices indicate that the LARS-WG6 model has good
accuracy for microscaling the climatic parameters in the study station, especially temperature indices. Based on the
results of most models and the average of the studied models, in general, the amount of precipitation is expected to
increase in the future. The results also show that the minimum and maximum temperatures in all periods and models
will increase compared to the base period. The study of land use changes in 1987 and 2019 in Givi Chay catchment
showed that rangeland use with an area of 1224.18 and 10469.59 square kilometers is the dominant land use, while in
1987 residential use with an area of 3.66 square kilometers in In 2019, water use with an area of 3.77 square kilometers
had the lowest area. Also, the most modified use of pasture use was to dryland agriculture (181 square kilometers),
which indicates the destruction of pastures. Based on the available evidence, climate change has occurred in this basin
and, of course, changes in the land use of the basin have been affected by this phenomenon, although the role of human
factors should not be ignored. One appropriate way to reduce land use change is to legally reduce the human factors
that can be controlled and monitored to prevent the exacerbation of climatic factors that are usually long-term and
uncontrollable.

Keywords: Fifth Climate Change Assessment Report, Land Use Change, Object Oriented Classification, Kiwi Basin.
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