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Abstract

Climate change is one of the most important phenomena in large cities. This phenomenon causes various disasters such as
floods, drought, water insecurity, water war and summer heat waves in cities. In this research, different methods, including
the statistical downscaling method, Mann—Kendall, Pettitt, a precipitation index (PI), a temperature index, a weighted
precipitation index (WPI), a weighted temperature index (WTI) and frequency analysis, have been used for assessment
of precipitation and temperature time series in Tabriz city, located in the northwest of Iran. Here, data from the base time
period (i.e., 1951-2022) and future time period (2022-2100) were considered to analyze. Three distinct scenarios were
used in the study, namely RCP 2.6, RCP 4.5 and RCP 8.5. Results indicated that in the base period, the monthly and annual
precipitation time series showed insignificant statistical trends. In the base period, the mean of the annual precipitation time
series decreased suddenly such that its mean value declined from 316.32 mm (in the first sub period, i.e., 1951-1982) to
261.51 mm (in the subsequent sub period, i.e., 1982-2022). Also, the average temperature time series on monthly and annual
scales showed statistically significant upward trends. A significant change in the average annual temperature was detected in
1994, in which its mean value jumped from 11.76 to 13.32 °C. Future annual precipitation (2022-2100) time series showed
a statistically significant upward trend using RCP 2.6. However, using the RCP 4.5 and RCP 8.5 scenarios, trends in this
parameter will not be significant in the future period. In addition, in the future period, the average annual air temperature in
Tabriz has been shown to be increased from 12.35 to 12.75 °C using the three used RCPs. The values of three indices, namely
TL, WTL, PI and WPL, indicated that in the future, the number of dry and warm periods will be more than the wet and cold
periods. Also, the frequency analysis showed that the intensity, duration and precipitation pattern in the future period will be
somewhat different from that of the base period. In Tabriz, the average annual temperature in most of the future years will
be between 12 and 13 °C. Therefore, it can be concluded that climate change has affected Tabriz's climate since the end of
the nineteenth century and is anticipated to continue in the following years.
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Introduction Aung et al. 2016; Zhang et al. 2016; Bathiany et al. 2018;

Mansouri Daneshvar et al. 2019; Duan et al. 2020; Spinoni

Nowadays, climate change is triggering many extensive
changes around the world. The effects of this phenomenon
are greater in arid and semi-arid areas rather than in other
regions (Allison et al. 2001; Barry and Carleton 2013;
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et al. 2021). Climate changes are caused by various fac-
tors, including internal factors (i.e., changes in atmospheric
parameters), external forces and human-induced effects
(IPCC 2023). Most researchers emphasize that climate
change disasters have been exacerbated by greenhouse gases,
construction of dams, indiscriminate use of underground and
surface water resources, unprincipled agriculture, deforesta-
tion, indiscriminate development of urbanization, increase
in population, etc. (Barry and Carleton 2013; Jianping et al.
2016; Liu et al. 2020; Lizarralde et al. 2021; Kashif et al.
2022). Cities are one of the places that have been affected
by climate change and have caused mutually influencing
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alterations in the climate. In recent decades, the industriali-
zation of cities, population growth, physical development,
extensive changes in land use planning, and lack of preven-
tive measures have increased (Adachi et al. 2012; Junk et al.
2014; Chapman et al. 2019; Miyamoto 2024). So, many
researchers are interested in this topic and tried to analyze
its effects. Bastin et al. (2019) studied the effects of climate
change in 520 cities around the world. They used Global Cli-
mate Models (GCMs) with the downscaling method. Also,
they assessed different parameters such as the average annual
temperature, temperature of the hottest month, temperature
of the coldest month, precipitation of the wettest month and
annual precipitation in the analysis. They showed that the
climate of 77% of the cities in 2050 will be different from the
current climate conditions in the studied cities, and only 22%
of the cities showed the same climate in 2050 similar to the
current conditions. Especially, it has been anticipated that
Madrid’s climate in 2050 will be like Marrakech’s present
climate, Stockholm will be like Budapest, London to Bar-
celona, Tokyo to Changsha, Moscow to Sofia, and Seattle
to San Francisco. Mansouri Daneshvar et al. (2019) stud-
ied the effects of climate change in the Middle East region,
and especially in Iran. Their findings, which are based on
statistical comparisons and IPCC reports, indicated mean
temperatures will rise 2.6 °C and precipitation will decrease
35% in the next years in Iran.

Shakeri et al. (2020) investigated the climate change
using the seven climatic variables and GCMs, SDSM,
and fuzzy downscaling model (FDSM) in Tehran,
Iran. They compared the mean of climatic variables in
annual and monthly periods in Tehran between the base
period (1989-2018) and the future period (2021-2040).
Abbasnia and Toros (2016) assessed changes in maximum
temperatures in seven stations namely Tehran, Tabriz,
Esfahan, Ahvaz, Zahedan, Mashhad, and B-Abbas using the
SDSM in the 2021-2100 period. Their results indicated that
the maximum temperature will rise between 0.3 and 3.5 °C
in the studied areas. Goodarzi et al. (2021) studied the mean
monthly temperature and precipitation in the Kermanshah
station using the SDSM. The results showed that the mean
temperature will increase from 2041 to 2069 in all months
compared with the 1961-1990 period. But, in the 2041 to
2069 period, the mean precipitation will increase in some
months and decrease in others.

Global climate models are large-scale and grid-based
predictive models having a scale of 250 to 600 km.
Therefore, to evaluate climate change on a local, and
regional scale, there is a need to select an appropriate
spatial resolution. Also, for determining the relationships
between local climate variables and predictions taken by
global climate models, downscaling is needed (Bardossy
1997; Kilsby et al. 1998: Goodness and Palutikof 1998;
Von Storch 1999; Harpham and Wilby 2005; Wilby et al.
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2002). However, due to the low cost and achieving suitable
results in predicting climate variables such as precipitation
and temperature, most researchers have been using statistical
downscaling methods for studying different regions of
the world (Wilby and Dowson 2007; Aung et al. 2016;
Ouhamdouch and Bahir 2017; Nazarenko et al. 2015; Melki
and Abida 2018; Shukla et al. 2023; El Quali et al. 2023).

In this study, some important climatic parameters
mcluding precipitation and temperature were predicted in
Tabriz city with a statistical downscaling method, using
the SDSM software (https://www.sdsm.org.uk/software.
html) in the future time period. To have an accurate and
clear vision on climatic changes in the city, trends in the
time series and homogeneity analysis were carried out. In
this regard, two nan-parametric methods namely MK (Mann
1945; Kendall 1975; Gilbert 1987) and Pettitt (1979) tests
were used. Many researchers used the mentioned methods
for different climate data series. Tabari et al. (2011) have
used the Mann-Whitney and MK tests for trend analysis
of climatic variables including the annual minimum,
maximum, and average air temperatures, and precipitation
time series in Iran in the 1966 to 2005 period. On average,
the magnitudes of the significant positive trends in
annual average temperature, maximum temperature, and
minimum temperature are equal to (+)0.412, (+)0.452 and
(+)0.493 °C, respectively. In addition, the precipitation
data series doesn't have a uniform trend in the studied
area. Garcia-Cueto et al. (2019) studied climate change
using the non-parametric MK test in some cities of Mexico
employing the 14 climate variables. Their findings indicated
that climate variables in most of the cities have changed in
the studied period, i.e., 1980 to 2010. Also, they showed
that the average of the annual maximum temperature,
and minimum temperature time series showed significant
upward trends. In addition, they indicated the number of
wet days, and the number of very heavy rainfall days (i.e.,
with precipitation of more than 25 mm) will increase in the
studied cities. Jaiswal et al. (2015) applied Pettitt's test for
trend analysis in Raipur city, which is located in the state of
Chhattisgarh in India, for the 1990 to 2000 periods. Results
showed that the annual data of sunshine hours, wind speed,
and minimum temperature time series had significant change
points. However, the maximum temperature series showed to
be homogeneous in the city. However, assessing the previous
studies indicated the MK and Pettitt tests have been used in
the analysis of time series in the past.

As can be deduced from the literature review the trends
of climatic variables in either the base period or the future
period are not comprehensively studied in large cities of
Iran, especially in Tabriz. Moreover, in the previous studies
investigators focused mainly on the trends in climatic
variables time series in the historical period data and no
pay attention to the trends of the generated time series for
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future period. Therefore, the main aim of this research is to
investigate the climatic changes (mainly precipitation and air
temperature) in Tabriz city during the historical and future
periods. Therefore, to achieve these goals the following five
stages are considered.

(a) Prediction of future temperature and precipitation time
series by defining the RCP's scenario and downscaling
method by using SDSM software and Global climate
models (GCMs) in the future period (2022-2100),

(b) Detection of trends in precipitation and temperature
time series by using the MK test for both past and
future periods,

(¢) Homogeneity analysis and identification of shifts in
observations by using the non-parametric Pettitt test
(Pettitt 1979),

(d) Identification of wet, dry, cold and warm years or
periods by defining annual precipitation index (PI),
weighted precipitation indices (WPI), average annual
temperature index (TI), and weighted average annual
temperature index (WTI), and

(e) Frequency analysis carried out on observed and
predicted annual precipitation data.

Materials and methods
Study area

A 245 km? area of Tabriz city located in northwest of Iran,
selected for this study (Fig. 1). Its coordinate at synoptic sta-
tion of Tabriz is 38°4' N and 46°18' E. It is the fifth largest
city of Iran, having specific industrial, economic, social and
political importances for Iran. Nearly 1.8 million people are
live in this city. It has a semi-arid cold climate and its aver-
age elevation is 1321 m above mean sea level (Saemian et al.
2020; Feizizadeh et al. 2021). To supply drinking water of
Tabriz city, two river sources including Zarrieneh Rood and
Nahand River, many wells and Qantas were used (WWC-
EAP 2020). Since early 2020, urban water demand of Tabriz
city increased for many reasons; especially because of popu-
lation growth and fast urban development (Behboudi et al.
2018). Based on the WWC-EAP (2021), surface and under-
ground water resources in Tabriz plain have been decreased
compared to the past decades, and this worrying condition
has caused city managers to face many problems with sup-
plying water in Tabriz city in future decades. However, it
is expected this city will be faced with additional water
supplying problems due to climate change, especially with
changing precipitation and temperature patterns (Soudi et al.

Fig. 1 Location of the Tabriz city in East Azerbaijan Province. Iran
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2018). So, for better perception of climate change's impact
on this city, Tabriz meteorology station data was used in this
study. Tabriz meteorological station was established in 1951
and is located at 38° 05" N and 46° 17'. The elevation of this
station is 1364 m above mean sea level.

Data

To investigate climate changes in Tabriz city, precipitation,
average temperature, minimum and maximum temperature,
actual sunshine hours, relative humidity and mean wind
speed data series on the daily scale of Tabriz synoptic station
obtained from the Iran Meteorological Organization (https:/
www.irimo.ir/) in the period 01/01/1951 to 05/03/2022.
Data checked exactly for outliers. No missing data was in
the observations. Given that in this manuscript, a second-
generation Earth System Model (CanESM2) (https://climate-
scenarios.canada.ca/?page=pred-canesm2) was applied for
predicting meteorological variables at Tabriz station. This
model is the 4th generation global climate change model
that was developed by the Canadian global center for climate
change analysis and assessment for the future 100 years.
Also, using this model and analysis of observational data
in the past period, can help to understand climate changes
in different regions and provide scientific information about
future climate events by generating three scenarios; RCP
2.6, RCP 4.5, and RCP 8.5. The resolution of this model is
2.79°x2.81° and has better results and lower uncertainty
than other downscaling models such as HadCM3 (Waqged
and Forgan 2020). In the CanESM2 model, the historical
information accessible for prediction of meteorological
variables is between 01/01/1961 and 31/12/2005. So, for
the downscaling process, the observed data in the mentioned
period has been used as the basis for analysis. But, all the
observed data from 01/01/1951 to 05/03/2022 were used in
trend analysis using the MK and non-parametric Pettitt tests.

Methods

In this research, firstly, future temperature and precipitation
variables have been predicted by downscaling technique
and using SDSM software in the period 2022-2100. In the
second stage, the non-parametric MK test for trend analysis
was used for precipitation and temperature variables in the
past and future periods. In the third stage, the non-parametric
Pettitt test (Pettitt 1979) was used to assess homogeneity
of the climate variables time series. The homogeneity and
trends in time series were tested using XLSTAT (Statistical
software for Excel) in 95% confidence level. In the fourth
stage, wet and dry years or periods, by defining the annual
precipitation index (PI) and weighted precipitation index
(WPI) have been determined. Also, warm and cold years
or periods were identified by defining the average annual
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temperature index (TI) and weighted average annual
temperature index (WTT). Finally, frequency analysis for
predicted and observed annual precipitation data was carried
out to understand the past, present and future conditions of
Tabriz city climate.

Downscaling method

By promoting new technology, future global climate models
with high resolution have been developed. But there will
remain the need to use downscaling methods to predict the
effects of climate change in a specific place or site (Conway
et al.1996). Downscaling is defined as any action to derive
high-resolution information based on low-resolution data
(Kim et al. 1984; Wilby et al. 2001, 2003; Hessami et al.
2004).

In the SDSM, due to “low-tech” advantages and reduction
of costs in statistical downscaling compared to dynamical
downscaling, a hybrid conditional method weather generator
technique is selected as a basis of the decision system. This
software has seven steps, each of which is explained below.

1. Controlling the quality of data and their transformation

In order to control the quality of the input data, the daily
precipitation and the daily average temperature of the Tabriz
station from 01/01/1961 to 31/12/2005 were prepared in
Notepad software in two separate files and saved them as
“P.dat” and “tem.dat™, respectively. There is no any missing
data and the whole numbers of the daily precipitation and
average temperature data were 16,437. These files are then
used as input files in the SDSM software as a basis. In the
data transformation phase, to achieve the best calibration
for input data, the daily precipitation has been transformed.
But, for the daily average temperature data, we didn’t
use transformation functions, because there was good
accordance between the observed and modeled average
temperature data.

2. Selection of the predictor variables

For downscaling of meteorological variables, it is needed
to determine different predictor variables that are appropriate
for the complexity of the model that will result in the
prediction of the different climatic variables. Therefore,
the meteorological predictor variables from the National
institute for Environmental Prediction (NCEP)/National
institute for Atmospheric Research (NCAR) downloaded
from (https://climate-scenarios.canada.ca/?page=pred-
canesm?2) were applied. Table 1 represents the 26 different
predictor factors and their descriptions.

For selection of 26 meteorological variables, a correlation
analysis has been done to calculate correlation coefficients
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Table 1 Predictors of NCEP and NCAR used for prediction of climatic variables in Tabriz

Row Predictor Description Row Predictor Description

1 Ncepp850gl.dat 8500 hPa Geopotential 14 Ncepp5_ugl.dat 500 hPa Zonal velocity

2 Ncepprepgl.dat Accumulated precipitation 15 Ncepp5_vel.dat 500 hPa Meridional velocity
3 Nceps500gl.dat 500 hPa Specific humidity 16 Ncepp5_zgl.dat 850 hPa wind speed

4 Nceps850gl.dat 850 hPa Specific humidity 17 Ncepp5thgl.dat 500 hPa wind speed

3 Necepshumgl.dat 1000 hPa Specific humidity 18 Ncepp5zhgl.dat 500 hPa Divergence

6 Nceptempgl.dat Screen air temperature(2 m) 19 Ncepp8_fgl.dat 850 hPa wind speed

7 Nceppl_fgl.dat 1000 hPa Wind speed 20 Ncepp8_ugl.dat 850 hPa Zonal velocity

8 Nceppl_ugl.dat 1000 hPa Zonal velocity 21 Ncepp8_vel.dat 850 hPa Meridional velocity
9 Nceppl_vgl.dat 1000 hPa Meridional velocity 22 Ncepp8_zgl.dat 850 hPa Vorticity

10 Nceppl_zgl.dat 1000 hPa Vorticity 23 Ncepp8thgl.dat 850 hPa Wind direction

11 Ncepplthgl.dat 1000 hPa Wind direction 24 Ncepp8zhgl.dat 850 hPa Divergence of true wind
12 Ncepplzhgl.dat Surface Divergence 25 Ncepp500gl.dat 500 hpa Geopotential

13 Ncepp5_fgl.dat 500 hPa wind speed 26 Ncepmslpgl.dat Mean sea level pressure

between each of them and each of the four climatic factors.
Also, in the selection of predictor variables, two statisti-
cal parameters, namely, the correlation coefficient (r) and
the p values were assessed. The NCEP/NCAR predictors
were selected to be applied in the development of the best
calibrated model. After assessing the r and verifying the
dependency of predictors and predictands via scatter plot,
the total set of predictors was chosen. In this study, the
selected predictor factors for precipitation are 850 hPa geo-
potential, 850 hPa divergence of true wind and accumulated
precipitation.

In this study it was found that the predictors for Tabriz
city in the case of maximum air temperature, are the
500 hPa, 850 hPa geopotential heights and screen air temper-
ature (2 m). However, 500 hPa geopotential height, 850 hPa
geopotential and 850 hPa Divergence of true were the
selected predictors for minimum temperature. Also, mean
sea level pressure, 500 hPa geopotential height and 850 hPa
geopotential were selected for the mean temperature. Table 2

shows the predicted variables, the selected predictors vari-
able, and both the correlation coefficients and p values for
each of them. According to Table 2, all the r values were
significant at 0.01 level.

3. Calibration of the model

In the third step, after the selection of a set of predictors
and their statistical parameters in Tabriz station according
to the previous step, 1.e., (selection of the predictors vari-
ables step), the observed daily precipitation data series (P.dat
file) and observed data series of average temperature (tem.
dat file) have been calibrated. In this regard, the two men-
tioned files i.e., (P.dat & tem.dat) were used as input for the
SDSM software, and the predictors that showed the high
correlation coefficients were selected for the calibration in
the SDSM software. Also, according to the SDSM Manual,
for calibration “P.dat” file, a conditional model option, and

Table 2 The selected set of

N . W Predicted variables Predictors r p value

predictors and their statistical

parameters in Tabriz Precipitation ncepp850gl.dat (850 hPa Geopotential) —~0.248 <0.0001

ncepp8zhgl.dat (850 hPa Divergence of true wind) -0.279 <0.0001

ncepprepgl.dat (Accumulated precipitation) 0.469 <0.0001

" A ncepp500gl.dat (500 hPa geo potential height) 0.882 <0.0001

nceps850gl.dat (850 hPa Geopotential) 0.816 <0.0001

nceptempgl.dat (Screen air temperature (2 m)) 0.965 <0.0001

{ 1 ncepp500gl.dat (500 hPa geo potential height) 0.838 <0.0001

ncepp850gl.dat (850 hPa Geopotential) 0.828 <0.0001

ncepp8zhgl.dat (850 hPa Divergence of true) 0.958 <0.0001

! (i ncepmslpgl.dat (Mean Sea level pressure) —-0.743 <0.0001

ncepp500gl.dat (500 hPa geo potential height) 0.851 <0.0001

ncepp850gl.dat (850 hPa Geopotential) 0.775 <0.0001
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for calibration, «tem.dat» file, an unconditional model option
was used (Wilby and Dawson 2007). In an unconditional
model, it is assumed that there is a direct relation between
predictand and predictors. In this manuscript, mean sea
level pressure, 500 hPa geopotential height and 850 hPa
geopotential are the predictors for average temperature in
Tabriz (Table 2). These predictors have a direct link with
the average monthly temperature. So, in calibrating the
“tem.dat” file, an unconditional model has been selected.
But, in the conditional model, the local climate and regional
forces have an intermediate relationship (e.g., the amount
of local precipitation is related to the wet periods. Also, the
wet periods are related to predictors on a regional scale,
such as pressure of the atmosphere and humidity. However,
in this research, 850 hPa geopotential, 850 hPa divergence
of true wind and accumulated precipitation predictors have
been chosen for precipitation (refer to Table 2). However,
these predictors have intermediate links with precipitation.
Therefore, in calibrating the “P.dat” file, a conditional model
has been selected. However, at the end of this step, the two
calibrated files for average monthly temperature and the
sum of monthly precipitation are obtained as output, i.e.,
(CLP1961-2005.PAR and CLTem1961-2005.PAR).

4. Weather generation using the observed predictors

In this phase, two calibrated files (CLP1961-2005.PAR
and CLTem1961-2005.PAR) have been entered into SDSM
software and the predictors that showed the maximum
correlation coefficient were selected. Finally, a weather
generated file for the average monthly temperature and a
weather generated file for the sum of monthly precipitation
are obtained as outputs, i.e., (WGP1961-2005.0UT and
WGTem1961-2005.0UT).

5. Statistics analyzing

In this step, two obtained files from the previous section
namely “WGP1961-2005.0UT” and “WGTem1961-2005.
OUT” entered into the SDSM software as the input files and
by selecting the «model» mode in the setting section, the two
files are produced including “MONP-mod-1961-2005.txt”
and “MON-o0bs-1961-2005.txt” for monthly precipitation.
Also, for average temperature, two other files are generated
including “MONTem-mod-1961-2005.txt” and “MONTem-
0bs-1961-2005.txt” in the SDSM software.

6. Model output and creating the graphs
To compare the modeled and observed time series namely
monthly average temperature and monthly precipitation, the

output files from the past phases (MONP-mod-1961-2005.
txt, MON-0bs-1961-2005.txt, MONTem-mod-1961-2005.
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txt, MONTem-obs-1961-2005.txt) were plotted. Their
pattern compared graphically for Tabriz. At this stage, the
accordance of the real model with the simulated model in
SDSM software was checked for the monthly precipitation
and average monthly temperature. For this purpose, the root-
mean-square error percent (RMSE (%)) was calculated based
on Eq. (1) (Hodson 2022):

RMSE (%) = ————

1 n
i i= obs

% 100. (1)

Results indicated that the amount of RMSE (%) between
the observed monthly precipitation and the modeled one
was equal to 4.33%. But, the amount of RMSE (%) between
the observed average temperature and the modeled one was
equal to 0.14%. Therefore, it can be concluded that the two
predicted models in SDSM software are very close to the
measured model and these models can be used in the next
steps in SDSM software.

7. Using climate models predictors and generation of
scenarios

To generate the climate scenarios, firstly, we go again
to the calibration stage (the third step in the downscaling
process) and the data date selected to be from 1/1/2020
to 30/12/2060 in the settings of SDSM software because
the software cannot process data for more than 40 years.
So, the observed data files namely “P.dat” and “Tem.
dat” were selected as the input files and by selecting
future climate predictors (RCP2.6, RCP4.5, RCP8.5) that
showed the highest correlation coefficients, three files are
created for precipitation (CLP-RCP 2.6-2020-2060, CLP-
RCP4.5-2020-2060, CLP-RCP8.5-2020-2060), and three
other files are obtained for average temperature (CLTem-
RCP 2.6-2020-2060, CLTem-RCP4.5-2020-2060, CLTem-
RCP8.5-2020-2060). Then, in the “settings™ option, the data
period of 1/1/2060 to 30/12/2100 was selected. Repeating
the above steps, three files resulted for precipitation (CLP-
RCP 2.6-2060-2100, CLP-RCP4.5-2060-2100, CLP-
RCP8.5-2060-2100) and also three other files obtained
for average temperature (CLTem-RCP 2.6-2060-2100,
CLTem-RCP4.5-2060-2100, CLTem-RCP8.5-2060-2100).
Similarly going back to the weather generator step, three
weather generator files are created for the period 2020-
2060 (WGP-RCP2.6-2020-2060, WGP-RCP4.5-2020-2060,
WGP-RCP8.5-2020-2060). By the same way, three weather
generator files for the future period of 2061-2100 created
for precipitation (WGP-RCP 2.6-2061-2100, WGP-RCP
4.5-2061-2100-WGP-RCP 8.5-2061-2100. It was repeated
for temperature data and six weather generator files
(WGTem-RCP2.6 2020-2060, WGTem-RCP4.5-2020-2060,
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WGTem-RCP8.5-2020-2060, WGTem-RCP2.6-2061-2100,
WGTem-RCP 4.5-2061-2100, WGTem-RCP 8.5-2061-
2100) were created. Finally, in the scenario generator phase,
six precipitation weather generator files entered to SDSM
software as input files. The six output files (RCP2.6-2020-
2060, RCP4.5-2020-2060, RCP8.5-2020-2060, RCP2.6-
2061-2100, RCP4.5-2061-2100, RCP8.5-2061-2100)
(RCPs scenarios for precipitation) were obtained. Then, six
temperature weather generator files were used as input to
SDSM. This led to production of six files (RCP2.6-2020-
2060, RCP4.5-2020-2060, RCP8.5-2020-2060, RCP2.6-
2061-2100, RCP4.5-2061-2100, RCP8.5-2061-2100) (RCPs
scenarios for temperature).

In this research, all the explained procedures were car-
ried out to generate RCP2.6, RCP4.5 and RCP 8.5 scenarios
based on data of Tabriz synoptic station. The flowchart of
the above-mentioned processes is shown in Fig. 2.

Mann-Kendall (MK) test

The MK test is based on a Kendall rank statistic which
presented by Kendall (1938) and Mann (1945). This test is
widely used to detect monotonic trends in hydrology and cli-
matology data series such as water quantity, river discharge,
precipitation (Dinpashoh et al. 2014), temperature (Jhajharia
et al. 2014), evaporation and evapotranspiration (Dinpashoh

Fig.2 Flowchart of concep-
tual methodology (Wilby and
Dawson 2007; El Hafyani et al.
2023)
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et al. 2011) and so on. The non-parametric MK test statistics
calculated by following equation:

n-1 n
S= z Z sgn(xj —xf-), 2)

i=1 j=i+l

where X; and X; are the ith and jth observations and n is
the number of data. The sign function is given by following
equation:

1 if6>0
sgn (8) =<0 ifg=0. (3)
-1if8<0

A positive (negative) value of § indicates an upward
(downward) trend. For n> 8, the statistic S is nearly
Gaussian-distributed with E(S)=0 and its variance evaluated
from the following equation (Mann 1945; Kendall 1975):
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In which, n 1s the number of data, P is the number of tied
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\/f%mifs;»o;
ifS=0:;. (5)

iy
S+l . )
= if §<0;

Which follows the standard Gaussian distribution with a
mean of zero and a variance equal to one. The calculated
z compared with the Z extracted from the normal standard
table corresponds to non-exceedance probability of 1 —a.
If the absolute value of calculated z is greater than the
corresponding z of normal table, then trend considered to
be significant at « level. Positive z means trend direction is
upward and negative z means trend direction is downward.

The exact p value of the MK test can be estimated using
the Gaussian cumulative distribution function (CDF) from
the following equation (Li et al. 2014):

1 B2
P=21——— [e? df). (6)

If the p value is small enough, the trend is quite unlikely to
be caused by random sampling. At the significance level
of 0.05, if p<0.05, then the existing trend is considered
to be statistically significant. The slope of a trend line is
calculated using the Theil-Sen approach (TSA) (Theil 1950;
Sen 1968), and it 1s calculated as follows:

X: — X

b= median( | k‘); Vk < j, (7

where b is the trend line slope. x; and x; are the kth and
jth observations. The slope (b) determined by the TSA is
a robust estimate of the magnitude of a trend. Since the
appearance of the paper of Hirsch et al. (1982), the TSA
has been popularly employed for calculating the slope of
trends in hydrologic time series (Jhajharia et al. 2014; Li
et al. 2014).

Pettitt test

Pettitt (1979) introduced a rank-based non-parametric
statistical test to detect change points in a data series.
Suppose a sequence of data series X;, X>,..., X3 with change
point at time T, which is separated in two groups with
distinct distributions function: Fy(X,),1=1,2...., 7, and
Fy(X,).t=7+1..T.

Therefore, the tested hypotheses are:

H, : F(X) = F5(X) (no change point)
H, : Fy(X) # F5(X) (change point) (8)

To disclose the break point, this test uses the statistic U, .,

similar to the Mann—Whitney test statistic (Mann and
Whitney 1945) for two groups, stated by (Pettitt 1979):
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1 T

Ur= E Z sgn(X; —X).1<1<T, )
i=1 j=it1
where:
I ifx>0
sgn(x) =40 ifx=0. (10)
—1lifx<0

The point T will likely be a change point when it satisfies the
following equation:

K.=Ugy=max|Uy,| 1<£1<T. (11
According to the above discussions about the test statistics,
Pettitt (1979) introduces Eq. (12) for calculating the p value
of the test approximately:

—6k2

Therefore, with a supposed significance level a, if p <a, the
null hypothesis, H., that the two distributions are similar, is
rejected (Pettitt 1979).

precipitation and weighted precipitation indexes

The annual precipitation index (PI) determines the deviation
from the average result of the observation station’s data for
a long period. This index is obtained using the precipitation
in the year, the mean and the standard deviation of the series
(El Hafyani et al. 2023):

Ki—X

PI (13)

o
where X, is precipitation depth in the ith year, X is the mean
of series, and o is the standard deviation of the precipitation
series.

To determine inter-annual fluctuations of precipitation,
seasonal factors are deleted by using a weighting and moving
average method to the annual precipitation time series
through the following equations (E1 Hafyani et al. 2023):

X, = 0.06X,,_ +0.25X,,_,,

+0.38X, + 0.25X,,, +0.06X,,,,

(14)

where 3 <1 < (n—2), X, is the weighted precipitation
value at time 1. (Xr—2) and X((_l) are the observed
precipitation directly before the time 7, X|,,,, and X,
are the precipitation totals of two times directly after the
time 7. The weighted precipitation totals for the first two
(X and X,,)) and the last two (X,_, — X,, ) times in the data
were analyzed as follows:
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X = 0.54X, + 0.46X,,, (15)
X5 = 0.25X;, + 0.5X 5, + 0.25X;, (16)
X1y = 025X 5, + 05X,y + 0.25X,, (17
Xy = 054X,y + 0.46X,_ . (18)

Also, the annual weighted precipitation index (WPI) is
calculated from the following equation:
X, —X

WPL = —  Amw L (19)

GW

where X, is the weighted precipitation in the ith year, X,
1s the mean of the weighted precipitation data, and o is the
standard deviation of the weighted precipitation series (El
Hafyani et al. 2023). Also, the above-mentioned method was
used to calculate annual average temperature, the annual
average temperature index (T1) and the weighted annual
average temperature index (WTI) which is explained in

section "Temperature analysis".

Frequency analysis

Frequency analysis is a useful method for analyzing data
and predicting the occurrence of an event at a certain or
specific period of time. Also, it can be used to check the
reliability of predictions. Frequency analysis has many
usages in flood prediction, design of hydraulic and drainage
structures, and so on. In this research, firstly, the time series
of precipitation and temperature (observed and predicted)
is prepared in annual scale in Excel spreadsheet using
the XLSTAT software in the past (1951-2022) and future
(2023-2100) periods. Then, the Bin range of time series is
identified based on the minimum and maximum value of the
data. Finally, by using the software, cumulative percentage
and frequency output charts have been obtained.

Results and discussion
Precipitation analysis

The Mann-Kendall (MK) trend test for observed
precipitation (past and present period)

Table 3 shows the results of the MK trend test for observed
monthly and yearly precipitation time series in the period
1951-2022 for Tabriz station at 95% confidence level.
Results showed that in the January, February, June, August,
September and October the monthly precipitation values

Table 3 Results of Mann-Kendall trend test for observed monthly
and yearly precipitation (1951-2022) in Tabriz station

Month/annual  Z b (mm per year)  Trend/ SIG/NS
direction
Jan —0.024 0.230 I NS
Feb —1424 0.246 J NS
Mar 0.054 0.730 i NS
Apr 0.715 1.490 1 NS
May 0.841 1.050 1 NS
Jun -1.745 -0.120 l NS
Jul 1.138  -0.337 ) NS
Aug —1.122 -0.445 l NS
Sep —-1.053 -0.320 l NS
Oct —-1.014 0.133 l NS
Nov 0.248 0.395 T NS
Dec 0.345 0.345 il NS
Annual —-0452 -1.013 i NS

SIG statistically significant, NS statistically insignificant

showed decreasing trends. However, these trends are not
significant in the base time period, i.e., (1951-2022). In
contrast, in the March, April, May, July, November and
December the monthly precipitation series exhibited increas-
ing trends. None of the trends were significant at 0.05 level.
Annual precipitation series of Tabriz showed decreasing
trend between 1951 and 2022 which was not significant at
0.05 level. Therefore, it can be concluded that the amount
of annual precipitation decrease is not statistically signifi-
cant. On a monthly scale, the precipitation changes are not
statistically significant in different months (Table 3). As can
be seen from Eq. (6), & is the slope of a trend line which is
computed for both monthly and annual precipitation series
of Tabriz. It changes between — (.445 to 1.490 for all the
series of monthly precipitation in Tabriz. The steepest
decrease in trend line slope is equal to —0.445 that belonged
to the August and the steepest increase in the trend line slope
belonged to the April. The trend line slope of annual pre-
cipitation in Tabriz is equal to — 1.01 mm per year (Table 3).

The Mann-Kendall (MK) trend test for predicted
precipitation (present and future period)

Results of the MK trend test for monthly and yearly pre-
dicted precipitation in the future period of 2022-2100
for Tabriz station at 95% confidence level are shown in
Tables 4, 5 and 6 for the three RCPs scenarios, namely
RCP 2.6, 4.5, 8.5, respectively. Also, the obtained test
results indicate increasing trend in January, February,
March, April, May, September, October, November and
December and decreasing trend in June, July and August
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Table 4 Results of Mann—Kendall trend test for monthly and yearly
predicted precipitation (2022-2100) in Tabriz station for the RCP 2.6
scenario

Table 6 Results of Mann—Kendall trend test for monthly and yearly
predicted precipitation (2022-2100) in Tabriz station for the RCP 8.5
scenario

Month/annual Z b (mm per year)  Trend/ SIG/NS Month/annual Z b (mm per year)  Trend/ SIG/NS
direction direction

Jan 1492  0.095 1 NS Jan -0927 -0.064 l NS
Feb 2339  0.167 1 SIG Feb 2.290 0.128 1 SIG
Mar 0924 0.087 1 NS Mar -1910 -0.197 l NS
Apr 0.665  0.067 () NS Apr -1215 -0124 l NS
May 1.783  0.152 ) NS May 1.950 0.209 T NS
Jun —-0.004 0.025 1 NS Jun -0495 -0.027 g NS
Jul —0.139  0.000 l NS Jul 0.725 0.009 ) NS
Aug —-0.328 0.000 1 NS Aug 1.703 0.023 1 NS
Sep 0.370  0.000 1 NS Sep -0279 -0.007 l NS
Oct 2470  0.167 () SIG Oct —-1.122 -0.069 1 NS
Nov 0.834  0.063 ) NS Nov —-2.041 -0.15 l SIG
Dec 0.707  0.048 1 NS Dec -0305 -0.021 l NS
Annual 3320 1.080 () SIG Annual -1.118 -0309 1 NS

S1G statistically significant, NS not statistically insignificant

Table5 Results of Mann—Kendall trend test for monthly and yearly
predicted precipitation (2022-2100) in Tabriz station for the RCP 4.5
scenario

Month/annual Z b (mm per year)  Trend/ SIG/NS
direction
Jan —-0415 -0025 1 NS
Feb 0.787 0.052 ) NS
Mar 0.330 0.031 ) NS
Apr 0.728 0.090 1 NS
May 0.982 0.124 1 NS
Jun 0.001 0.020 ) NS
Jul -0.110 0.000 l NS
Aug -0.271 0.000 l NS
Sep —-1.299 -0.048 l NS
Oct 0.102 0.009 ) NS
Nov -0.872 -0.067 | NS
Dec 0.897 0.049 1 NS
Annual 0.042 0.090 1 NS

SIG statistically significant, NS not statistically significant

in RCP2.6 scenarios. Also, there is upward trend in Feb-
ruary, March, April, May, June, October and December
and downward trend in January, July, August, September
and November in RCP4.5 scenarios. In RCP 8.5, There
is upward trend in February, May, July and August and
downward trend in January, March, April, June, Septem-
ber, October, November, December. Also, at 95% confi-
dence level, annul precipitation in RCP 2.6 and 4.5 have
increasing trend and has decreasing trend in RCP 8.5 sce-
nario (Table 4, 5 and 6).
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SIG statistically significant, NS not statistically significant

Table 7 Results of Pettitt homogeneity test for monthly and annual
observed precipitation (1951-2022) in Tabriz station

Month/annual Chang point at p value (two-  Shift direction
year tailed)

Jan No - No

Feb 1988 0.016 Downward

Mar No - No

Apr No - No

May 1984 0.025 Upward

Jun No - No

Jul No i No

Aug No - No

Sep No - No

Oct No - No

Nov 1984 0.045 Downward

Dec No - No

Annual 1982 0.011 Downward

Pettitt homogeneity test for observed precipitation (past
and present period)

The Pettitt test for monthly and annual precipitation time
series in the past period (1951-2022) has been done for
Tabriz station. Results indicate change points in Febru-
ary (1988) and November (1984) with downward trends in
95% confidence level. Also, an upward change point was
detected in May (1984). In addition, change points in other
months were not detected. According to this test, the p value
is lower than the significant level of alpha=0.05 (Table 7).
Also, Fig. 3 shows the output of Pettitt test for Tabriz annual
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Fig.3 Annual precipitation time series showing sudden change in 1981 in Tabriz station

precipitation. In this figure, a sudden change has been
detected in the precipitation time series in 1981. However,
the average annual precipitation before and after the break

Table 8 Results of Pettitt homogeneity tests for monthly and yearly
predicted future precipitation (2022-2100) in Tabriz station for the
RCP 2.6

point is equal to 316.32 mm and 261.51 mm, respectively. =~ RCP 2.6
However, the calculated change in average annual precipi- oo o Chang pvalue (wotailed),  Shift<irection
tation before and after the break point is about 55 mm and point at
is equal to 17.33% of the total annual average precipitation year
between 1951 and 1981 (Fig. 3). Fii No B No
. . . ;i Feb No = No

The Pettitt homogeneity test for predicted precipitation Mar No B No
(present and future period) Ape No 3 No

. . X o May No = No
Pettitt homogeneity tests (39 tests) using Statistical Software Jun No _ No
for Excel s?ftware. (XLSTAT) software version 2‘02:2 have . 2054 <0.0001 e
been done for predicted monthly and yearly precipitation for - No B No
three different climate scenarios. Table 8 shows the results of Sen No B No
the Pettitt test for annual and monthly precipitation in Tabriz - 2061 0.042 b
station at RCP 2.6. In this table, the series which showed o No _ No
significant changes are listed. These tests have been done Dec No B No
at a 5% significant level. Results showed that among all the Nt 2061 0.002 Upward

series, there were three change points: in July in 2054, in
October in 2061 and in the annual precipitation time series
in 2061 for the RCP 2.6. Also, there is a change point in July
in 2080 in RCP 4.5 (Table 9). Also, there isn’t any sudden
change point using the RCP8.5 (Table 10).

Precipitation index (Pl) and weighted precipitation index
(WPI) for observed period (past and present period)

Figures 4 and 5 show the PI and WPI time series in
Tabriz, respectively. These indexes evaluated to distin-
guish between the humid periods from the dry periods.
Results showed that the maximum dry spell in the whole

time period lasted 7 years between 1995 and 2001 (Fig. 4).
Also, as can be seen from Fig. 5, the humid period was
viewed from 1951 until 1957 and a dry period occurred
from 1958 until 1962. After 1962, a humid period has
been observed from 1962 until 1974 and Tabriz city has
been faced with unstable periods from 1975 until 1995.
Also, a dry period which lasted 19 years from 1995 until
2014 occurred in the studied period. Also, from 2014 to
2017, unstable conditions have been repeated, and a humid
period has been observed from 2017 to 2022 (Fig. 5).

) Springer

[P



Acta Geophysica

Table9 Results of Pettitt homogeneity tests for monthly and yearly
predicted future precipitation (2022-2100) in Tabriz station for the
RCP 45

RCP 4.5

Month/annual Chang pointat p value (two-  Shift direction
year tailed)

Jan No - No

Feb No - No

Mar No - No

Apr No - No

May No - No

Jun No - No

Jul 2080 0.04 Upward

Aug No - No

Sep No - No

Oct No = No

Nov No - No

Dec No - No

Annual No - No

Table 10 Results of Pettitt homogeneity tests for monthly and yearly
predicted future precipitation (2022-2100) in Tabriz station for the
RCP&.5

RCP&.5
Month/annual Chang pointat p value (two-  Shift direction
year tailed)

Jan No = No
Feb No - No
Mar No - No
Apr No - No
May No - No
Jun No - No
Jul No = No
Aug No - No
Sep No - No
Oct No - No
Nov No - No
Dec No - No
Annual No - No

Precipitation index (Pl) and weighted precipitation index
(WPI) for future period

In this study, the precipitation index (PI) and the weighted
precipitation index WPI were computed for the future
period using the three RCPs scenarios for Tabriz (Figs. 6,
7). The positive amounts for both indicators show wet
years, but the negative amounts show dry years. As seen
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from Figs. 6 and 7, no apparent discrepancies can be seen
between the three used scenarios. In addition, results indi-
cated that more arid spells will occur compared to the wet
periods in the future period of 2020-2100 using the three
scenarios, namely RCP 2.6, RCP 4.5 and RCP 8.5.

Also, the percent of positive and negative values of (PI)
and WPI for both the base period and future period at
Tabriz have been obtained in Fig. 8. In the past period
(1951-1982), 78.13% of all years were humid years and
21% were dry years. From 1983 to 2022, 52% were humid
years and 48% were dry years. Also, results indicate in the
future period (2022-2050), 61% will be the humid year
and 39% will be the dry years in the RCP2.6. In addition,
in the RCP4.5, 54% will be humid years and 46% will be
dry years in the period between 2022 and 2050. In RCP
8.5, approximately 57% will be humid years and 43% will
be dry years in the future period (2022-2050).

In the future period (2031-2100), 38% will be humid
years and 62% will be dry years in the RCP2.6 and RCP4.5
scenarios. In addition, in RCP 8.5, approximately 46% will
be humid years and 54% will be dry years in the future
period (2051-2100).

Analyzing observed precipitation

Monthly precipitation Figure 9 shows the average monthly
precipitation of Tabriz city during the last statistical period,
1.e., from 1951 to 2022. According to the results, the high-
est precipitation was in April, which was 51.99 mm, and
the lowest precipitation was in August, which was 3.4 mm.
Also, the analysis of Fig. 9 indicates that the pattern of
precipitation in different months of year does not have the
same trend and the amount of precipitation reaches less than
10 mm in the months of July, September and August. In
addition, the average precipitation in 12 months of the year
1s equal to 23.7 mm and this value, compared to the average
precipitation in humid and rainy regions, is very low.

Annual precipitation Assessing the annual precipitation
at Tabriz station indicated that the pattern and amount
of precipitation has been changed in both short and long
periods. Figure 10 shows the annual precipitation val-
ues of Tabriz. Statistical calculations based on observed
data (1951-2022) showed that the minimum, average and
maximum value of annual precipitation at Tabriz station is
equal to148.01, 285.87 mm and 547.61 mm, respectively.
The precipitation amount was less than the mean value in
37 out of the 72 years in the period (1951-2022). The dis-
persion of the data is equal to 75.24 mm compared to the
mean and the amount of change is approximately 26.32%
(Fig. 10).
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Analyzing predicted precipitation

Monthly precipitation The monthly precipitation series
of Tabriz in the past period compared with the predicted
amounts that are obtained from the three different RCPs
scenarios are reported in Fig. 11. In this figure, the pattern
of observed and predicted monthly precipitation using three
RCPs scenarios is shown. As can be seen from Fig. 11, in
the RCP 2.6 scenario, the average monthly precipitation will
rise in all the months (except February, April, May, July)
in Tabriz city. Also, comparing the past and future periods
using the RCP 4.5 scenario, the average monthly precipita-
tion will increase in all the months (except July and Novem-
ber). In addition, in RCP 8.5, the average monthly precipita-
tion will rise in all the months (except February, April, July
and December) comparing the past and future periods.

Annual precipitation Figure 12 shows the predicted pre-
cipitation time series for the future period (2020-2100)
resulted from the three RCPs scenarios. As it can be seen
from it, the predicted annual precipitation in the all three
RCPS scenarios (RCP 2.6, RCP 4.5 and RCP 8.5) have not a
specific trend. Obtained results indicate the average annual
precipitation for RCP 2.6, RCP 4.5 and RCP8.5 are 317.96,
318.85 and 313.76 mm, respectively. According to Fig. 12,
annual precipitation fluctuates between 181 and 442 mm in
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Year

2011

the all three RCPs scenarios in the future periods. Also, in
RCP 2.6, annual precipitation will be decrease to less than
200 mm in 2072. In addition, it reduces less than 200 mm
in RCP8.5 in 2082. In contrast, the annual precipitation
reaches up to 400 mm for RCP2.6 in the 2023, 2064, 2079,
2087, 2088 and 2097. Similarity, the annual precipitation
will be increase in the 2025, 2049, 2087 and 2095 in the
RCP 4.5 scenario. Figure 12 shows wet years in the 2029,
2040, 2066, 2087 and 2095 in the RCP 8.5.

Analysis of observed and predicted annual precipitation
frequencies

Figure 13 shows the observed frequencies of annual precipi-
tation of Tabriz city in the base period. As can be seen from
Fig. 13, the frequency of annual precipitation in the bins
of 300 and 350 mm is more than the other bins. So, in the
35 years of the base period, annual precipitation of Tabriz
was between 250 and 300 mm. In the 52 years, the annual
precipitation was between 250 and 350 mm. In the 10 years,
annual precipitation was between 350 and 450 mm and only
in the 2 years, the annual precipitation was between 450 and
550 mm (Fig. 13).

Figure 14 shows the predicted frequency of Tabriz annual
precipitations using the RCP 2.6 scenario. According to this
figure, 43 out of the 82 years of annual precipitation will

) Springer
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Fig. 6 Predicted precipitation index (PI) for future time period according to the three RCPs scenarios in Tabriz

be between 250 and 350 mm. In 7 years, annual precipita-
tion will be between 400 and 450 mm. Also, only in the
2 years, the annual precipitation is between 150 and 200 mm
(Fig. 14). In the future period Tabriz will not experience
annual precipitation more than 450 mm.

Figure 15 shows the predicted frequency of annual pre-
cipitation using the RCP4 in Tabriz. According to this fig-
ure, 51 out of the 81 years of annual precipitation will be

@ Springer

between 250 and 350 mm. In the next 6 years, annual pre-
cipitation will be between 400 and 450 mm. Also, in 5 years,
precipitation will be less than 250 mm (Fig. 15).

The predicted frequency of annual precipitation in RCP
8.5 scenarios is shown in Fig. 16. As can be seen, in 28
out of the 82 years, annual precipitation will be between
250 and 350 mm. In the 19 years, the annual precipita-
tion will be between 350 and 450 mm. Also, in 7 years,
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Fig. 7 Predicted weighted precipitation index (WPI) for future time period according to the three used RCPs scenarios in Tabriz

precipitation will be less than 250 mm. Also, it is pre-  Summary of results for observed and predicted

dicted that the annual precipitation of Tabriz never exceeds  precipitation in Tabriz

450 mm in a year (Fig. 16).
The obtained results of monthly and annual precipitation
time series of Tabriz are summarized in Tables 11, 12, and
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13. By using these tables, it is possible to have a clear vision
of results and to compare the obtained results in the past
(1951-2022) and future period (2022-2100). In Table 11,
the observed monthly and annual precipitation time series
with RCP 2.6 are obtained. In Table 12, the output results
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Months

Annual precipitation -Tabriz (mm)

1971 1981 1991 2001 2011 2021
Years

of monthly and annual precipitation time series with RCP
4.5, as well as the observed one In Table 13, the observed
monthly and annual precipitation time series and the
predicted one using the RCP 8.5 are presented.
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Temperature analysis As shown from Table 14, all months and annual tempera-

The Mann-Kendall (MK) trend test for observed
temperature (past and present period)

Results of the MK trend test for observed monthly and
yearly temperature in the period of 1951-2022 for Tabriz
station at 95% confidence level are indicated in Table 14.

ture showed increasing trends. In addition, these trends
are significant in all the months (except January and
December). This increasing trend is obvious from Fig. 17.
Also, the annual mean air temperature of Tabriz showed
significant (p < 0.05) increasing trend (Table 14). As can
be seen from Eq. (6), b 1s the slope of a trend line which is
computed for the months and annual temperature. All the
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Fig. 14 Predicted and cumu-
lative annual precipitation
frequency in Tabriz in the future
period (2022-2100) at RCP 2.6

Fig. 15 Predicted and cumu-
lative annual precipitation
frequency in Tabriz in the future
period (2022-2100) at RCP 4.5

Fig. 16 Predicted and cumu-
lative annual precipitation
frequency in Tabriz in the future
period (2022-2100) using the
RCP 8.5 scenario

slopes are upward and changes between 0.018 and 0.490
for the monthly temperature series in Tabriz. The steep-
est slope is equal to 0.048 that belonged to the March
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and Fig. 17.).

and June temperatures. The trend line slope of annual
monthly temperature in Tabriz is equal to 0.035 (Table 14
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Table 11 Summary of results for monthly and annual precipitation, their trends and change points in the past and future periods (RCP 2.6) in

Tabriz
Month/annual Precipitation Precipitation Trend SIG/NS Trend direction  SIG/NS Change point Change point
(mm) (1951- (mm) (2022— direction (2022-2100) (1951-2022) (2022-2100)
2022) 2100) (RCP 2.6) (1951-2022) (RCP 2.6) (RCP 2.6)
Jan 21.73 25.87 l NS 1 NS No No
Feb 24.64 23.97 l NS 1 SIG Downward No
(1988)
Mar 38.51 43.36 ) NS 1 NS No No
Apr 51.99 51.10 1 NS i NS No No
May 41.65 40.86 T NS 1 NS Upward (1984) No
Jun 16.09 22.10 l NS 1 NS No No
Jul 5.79 3.23 1 NS 1 NS No Downward (2054)
Aug 342 9.76 l NS 1 NS No No
Sep 7.65 14.83 l NS 1 NS No No
Oct 2146 26.96 l NS 1 SIG No Upward (2061)
Nov 27.71 28.29 1 NS 1 NS No No
Dec 24.11 25.78 l NS 1 NS No No
Annual 284.74 316.13 | NS T SIG Downward Upward (2061)
(1982)

SIG statistically significant, NS not statistically significant

Table 12 Summary of results for monthly and annual precipitation,

their trends and change points in the past and future periods (RCP 4.5) in

Tabriz

Month/annual Precipitation Precipitation (mm) Trend SIG/NS Trend SIG/NS Change point Change point
(mm) (1951— (2022-2100) (RCP  (1951- (2022-2100) (1951-2022) (2022-2100)
2022) 4.5) (mm) 2022) (RCP 4.5) (RCP 4.5)

Jan 21.73 27.39 l NS l NS No No

Feb 24.64 26.41 l NS T NS Downward (1988) No

Mar 38.51 44.03 T NS 1 NS No No

Apr 51.99 53.76 T NS 1 NS No No

May 41.65 48.79 T NS 1 NS Upward (1984) No

Jun 16.09 18.62 } NS T NS No No

Jul 5.79 3.07 i NS l NS No Upward (2080)

Aug 342 3.60 1 NS l NS No No

Sep 7.65 11.34 1 NS l NS No No

Oct 2146 27.28 1 NS T NS No NO

Nov 27.71 27.17 t NS l NS No No

Dec 24.11 27.45 1 NS ) NS No No

Annual 284.74 3189 l NS 1 NS Downward (1982) No

SIG statistically significant, NS not statistically significant

The Mann-Kendall (MK) trend test for future temperature
(present and future period)

Results of the MK trend test for monthly and yearly aver-
age temperature time series were introduced in the period
2022-2100 for Tabriz station at 95% confidence level,

in Tables 15, 16 and 17 for three RCP scenarios. Results
revealed that based on all three scenarios upward trend
witnessed for annual air temperature of Tabriz. However,
these trends are not significant for RCP 2.6 and RCP 8.5
scenarios. The slope of annual air temperature series in
scenarios of RCP 4.5 and RCP 8.5 is similar and equal
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Table 13 Summary of results for monthly and annual precipitation, their trends and change points in the past and future periods (RCP 8.5) in

Tabriz

Month/annual Precipitation Precipitation(mm)  Trend

SIG/NS Trend

SIG/NS Change point Change point

(mm) (1951— (2022-2100) (RCP  (1951— (2022-2100) (1951-2022) (2022-2100) (RCP

2022) 8.5) 2022) (RCP 8.5) 8.5)
Jan 21.73 26.93 l NS l NS No No
Feb 24.64 24.59 1 NS 1 SIG Downward (1988) No
Mar 38.51 46.79 1 NS l NS No No
Apr 51.99 51.14 T NS l NS No No
May 41.65 46.28 1 NS T NS Upward (1984) No
Jun 16.09 19.36 1 NS | NS No No
Jul 5.79 4.76 1 NS 1 NS No No
Aug 342 5.77 l NS 1 NS No No
Sep 7.65 9.93 l NS l NS No No
Oct 21.46 2417 l NS l NS No No
Nov 27171 31.19 1 NS l SIG No No
Dec 24.11 23.79 l NS l NS No No
Annual 284.74 315.45 l NS l NS Downward (1982) No

S1G statistically significant, NS not statistically significant

Table 14 Results of the Mann—Kendall trend test for observed
monthly and yearly mean air temperature (1951-2022) in Tabriz sta-
tion

Month/annual Z b (mm per year) Trend/ SIG/NS

direction

Jan 1.578 0.024 1 NS

Feb 2571 0.044 1 SIG
Mar 3.59 0.048 1 SIG
Apr 345 0.035 1 SIG
May 435 0.035 1 SIG
Jun 359 0.048 1 SIG
Jul 498 0.044 1 SIG
Aug 5.05 0.044 1 SIG
Sep 4.68 0.035 1 SIG
Oct 324 0.03 1 SIG
Nov 2.18 0.018 1 SIG
Dec 1.16 0.019 1 NS

Annual 0.016 0.035 1 SIG

SIG statistically significant. NS not statistically significant

to 0.002 °C/yr. On a monthly scale, in scenario RCP 2.6,
there are downward trends for the average temperature in
September, October and December and these trends are
statistically significant at 0.05 level.

In monthly scale, in scenarios 4.5, trends of average
annual temperature in months January, August, September,
October, November and December are downward and

@ Springer

not significant at 0.05 level. In this scenarios, trends of
temperature in the April are upward and significant at 0.05
level. All the other months showed an upward trend for
average temperature in the RCP 4.5 scenario (Table 16).

On a monthly scale, trends of average temperature in
the months August, September, October, November and
December are downward and not significant at 0.05 level,
in scenarios 8.5. All the other months showed an upward
trend for the average temperature in the RCP 8.5 scenario
(Table 17).

Pettitt homogeneity test for observed average temperature
(past and present period)

To find the breaks and change points in the monthly and
annual temperature data series, the non-parametric Pettitt
test has been done in the past period (1951-2022) (Table 18).
So, change points in January (1993), February (1998),
March (1997), April (1997), May (1994), June (1996), July
(1999), August (1994), September (1997), October (1996)
and November (1984) with upward trends being detected. As
computed, the p value is lower than the significant level of
alpha=0.05 (Table 18). Also, Fig. 18 shows the Pettitt test
output for Tabriz. The assessment revealed a sudden increase
in the temperature data series in 1995. However, the average
temperature before the change point is equal to 11.759 °C
and after the break point increased to 13.318 °C. The esti-
mated increase in average temperature is about 1.559 °C or
13.26% of the average temperature value before the change
point (Fig. 18).
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Table 15 Results of the Mann—Kendall trend test for monthly and
yearly predicted temperature (2022-2100) in Tabriz station for the
RCP 2.6 scenario

1971 1981 1991 2001 2011 2021
Year

Table 16 Results of the Mann—Kendall trend test for monthly and
yearly predicted temperature (2022-2100) in Tabriz station for the
RCP 4.5 scenario

Month/annual 7 b (mm per year)  Trend/ SIG/INS

Month/annual  Z b (mm per year)  Trend/ SIG/NS

direction direction
Jan —0.064 0.000 1 NS Jan —1.249 -0.003 2 | NS
Feb 1.664 0.006 1 NS Feb 1.502 0.006 1 NS
Mar 1.384 0.005 1 NS Mar 1.91 0.009 1 NS
Apr 1.304 0.007 T NS Apr 2.55 0.011 1 SIG
May 1.690 0.008 T NS May 3.01 0.013 1 NS
Jun 3.300 0.013 1 NS Jun 3.755 0.015 1 NS
Jul 1.600 0.004 1 NS Jul 0.986 0.002 1 NS
Aug —-1.020 -0.002 l NS Aug -0.9017 -0.003 l NS
Sep -2930 -0.012 1 SIG Sep -1.672 - 0.005 l NS
Oct -2578 -0010 | SIG Oct -0.6477 -0.002 1 NS
Nov —-0.631 -0.003 1 NS Nov -1.64 -0.007 l NS
Dec —2.582 -0.009 l SIG Dec —1.384 - 0.004 l NS
Annual 0.089 0.000 1 NG Annual 2324 0.002 T SIG

S1G statistically significant, NS not statistically significant

Pettitt homogeneity test for predicted precipitation
(present and future period)

In this study, 39 Pettitt homogeneity tests were carried out
using XLSTAT 2022 software for predicted monthly and
yearly temperature time series for the three RCPs scenar-
10s. These tests have been done at a 95% confidence level.
Table 19 presents the results of Pettitt tests conducted for
future temperature series in Tabriz. Table 19 indicates
that there are five change points in the March (2036), May
(2039), September (2040), October (2042) and December
(2047) for the average temperature data series in the RCP2.6
(Table 20). Also, change points in April (2039), May (2086)
and June (2045) have been detected in the RCP 4.5. In addi-
tion, change points in March (2038), April (2039), May

SIG statistically significant. NS not statistically significant

(2086) and June (2045) have been observed in the RCP8.5
(Table 21).

Temperature index (Tl) and weighted temperature index
(WTI) (past and present period)

Figure 19 shows the temperature index, and Fig. 20 shows
the weighted temperature indexes in Tabriz during the
study time period. The analyzing of these indexes indi-
cated an anomaly between warm and cold periods and
must be noticed that maximum warm period compared
the base period lasted 36 years during the past studied
years (1951-2021) (Fig. 19). As can be seen from Fig. 20,
there was cold periods in 1951-1960, 1961, 1963-1977,
1981-1989. However, relatively hot years prevailed in
1961-1962, 1978-1980, 1990 and 1955 to 2022. Also, All
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Table 17 Results of the Mann—Kendall trend test for monthly and
yearly predicted temperature (2022-2100) in Tabriz station for the
RCP 8.5 scenario

Month/annual  Z b (mm per year)  Trend/ SIG/NS

direction
Jan 1.321 0.005 1 NS
Feb 1.329 0.007 1 NS
Mar 291 0.016 1 NS
Apr 2.024 0.01 1 NS
May 2.81 0.013 1 NS
Jun 2.89 0.009 1 NS
Jul 0.347 0.001 1 NS
Aug -0.8636 -0.002 ] NS
Sep —1.363 - 0.005 1 NS
Oct -1.05 - 0.005 1 NS
Nov -2413 -0.01 ! NS
Dec —1.253 —0.005 Il NS
Annual 1.445 0.002 1 NS

SIG statistically significant, NS not statistically significant

Table 18 Results of Pettitt test for monthly and yearly observed tem-
perature (1951-2022) in Tabriz station

Month/annual Chang point year p value (two-  Shift
tailed)

Jan 1993 0.019 Upward
Feb 1998 0.009 Upward
Mar 1997 0.000 Upward
Apr 1997 0.032 Upward
May 1994 0.000 Upward
Jun 1996 0.000 Upward
Jul 1999 0.039 Upward
Aug 1994 0.000 Upward
Sep 1997 0.001 Upward
Oct 1996 0.006 Upward
Nov 1984 0.005 Upward
Dec - - No
Annual 1994 0.000 Upward

the years from 1995 to 2022 have positive WTT. It seems
that the occurrence of a hot period at that time is the result
of climate change in Tabriz.

Temperature index (Tl) and weighted temperature index
(WTI) (present and future period)

In this section, the Temperature Index (TI) and Weighted
Temperature Index (WTI) were computed for the future
period using the three RCPs scenarios for Tabriz (Figs. 21,
22,23, 24, 25, 26). The positive amounts in both indexes
show warm years, but the negative values show cold years.
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As can be seen from Fig. 21, 42 years have positive (TI) and
37 years have negative (TT) (Fig. 21). Also, as shown from
Fig. 22, 40 years have positive (WTI) and 39 years have
negative (WTI) for RCP 2.6. In addition, in Fig. 23, 38 years
have positive (TI) and 41 years have negative (TI) in the
RCP 4.5. Also, as indicated from Fig. 24, 36 years have been
positive (WTI) and 43 years have been negative (WTI) in the
RCP 4.5. Also, 40 years have negative (TT) and 39 years have
positive (TI) in RCP 8.5. In addition, 46 years have posi-
tive (WTI) and 33 years have negative (WTI). The overall
results obtained from the (Figs. 21, 22, 23, 24, 25, 26) show
that cold and hot periods repeat frequently in the three RCP
scenarios during the period between 2022 and 2100.

Analyzing observed temperature

Monthly temperature Figure 27 shows the average monthly
temperature of Tabriz city during the past studies period
from 1951 to 2022. As shown in Fig. 27, the month of Janu-
ary has the minimum average temperature (—2.06 °C), and
the month of July has the maximum temperature (25.99 °C)
between all the months. As indicated in Fig. 27, in five
months (January, February, December, March and Novem-
ber), the average monthly temperature is less than (7 °C). In
three months (April, May and October), the average monthly
temperature is between 11 and 17 °C. In four months (June,
July, August and September), the average temperature is
between 21 and 26 °C.

Annual temperature Figure 28 shows the average annual
air temperature in Tabriz. As can be seen from Fig. 28, the
minimum, average and maximum value of the average tem-
perature at Tabriz station are equal to 10.21 °C, 12.35 °C
and 14.84 °C, respectively. Based on the data series, in
32 years out of the whole studied period (1951-2022), air
temperature is less than the average temperature and in the
other years, annual mean air temperatures are more than
average. In general, the examination of Fig. 28 shows that
from 1994 to 2022, the average annual temperature was
more than 12 °C. But, in the years before 1994, the average
annual temperature was mostly less than 12 °C.

Analyzing predicted temperature

Monthly temperature Observed and predicted average
monthly temperature (°C) compared each other in Tabriz
with the three different RCPs scenarios are reported in
Fig. 29. As it can be seen from Fig. 29, in all the three sce-
narios (RCP 2.6, RCP 4.5, RCP 8.5) the average monthly
temperature will be more than the observed average monthly
temperature except in March and December.
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Fig. 18 Annual temperature
time series showing sudden
change in 1995 in Tabriz station
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Table 19 Results of Pettitt homogeneity tests conducted for monthly
and yearly predicted future temperature (2022-2100) in Tabriz station
for RCP 2.6

Scenario RCP 2.6

Month/annual Chang point at p value (two-  Shift direction
year tailed)

Jan No - No

Feb No - No

Mar 2036 0.043 Upward

Apr No - No

May 2039 0.017 Upward

Jun No - No

July No - No

Aug No - No

Sep 2040 0.003 Downward

Oct 2042 0.002 Downward

Nov No = No

Dec 2047 0.004 Downward

Annual - - No

Annual temperature Figure 30 shows the average annual
air temperature in Tabriz with the definition of the three
RCPs scenarios in the future time period. As can be seen
from Fig. 30, the maximum average annual air tempera-
ture of Tabriz city is equal to 13.54 °C in 2091 and the
minimum average annual air temperature of Tabriz city is
equal to 12.34 °C in 2034 based on RCP 8.5. In addition,
the maximum average annual air temperature of Tabriz
city is equal to 13.54 °C in 2087 and the minimum average
annual air temperature of Tabriz city is equal to 12.33 °C
in 2061 based on RCP 4.5. At RCP 2.6, the maximum
average annual air temperature of Tabriz city is equal to

Table 20 Results of Pettitt homogeneity tests conducted for monthly
and yearly predicted future temperature (2022-2100) in Tabriz station
for RCP 4.5

Scenario RCP 4.5

Month/annual Chang pointat p value (two-  Shift direction
year tailed)

Jan No - No

Feb No - No

Mar No - No

Apr 2039 0.024 Upward

May 2086 0.035 Upward

Jun 2045 0.003 Upward

July No - No

Aug No - No

Sep No - No

Oct No - No

Nov No s No

Dec No - No

Annual No - No

13.28 °C in 2098 and the minimum average annual air
temperature of Tabriz city is equal to 12.42 °C in 2028.
Finally, Fig. 30 shows that in most of the predicted years
(2022-2100) in all RCPs, the average temperature is
between 12.5 and 13.5 °C.

Analysis of observed and predicted annual temperature
frequencies

Figure 31 shows observed annual average temperature (°C)
frequency and cumulative temperature frequency in Tabriz
in the past studied period (1951-2022). As shown in that
figure, in 9 years, the observed annual average temperature is
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Table 21 Results of Pettitt homogeneity tests conducted for monthly
and yearly predicted future temperature (2022-2100) in Tabriz station
for RCP 8.5

Scenario RCP 8.5

Month/annual Chang pointat p value (two-  Shift direction
year tailed)

Jan No - No

Feb No - No
Mar 2038 0.03 Upward
Apr 2039 0.024 Upward
May 2086 0.035 Upward
Jun 2045 0.003 Upward
July No - No

Aug No - No

Sep No - No

Oct No = No
Nov No - No

Dec No - No
Annual No - No

Fig. 19 Temperature index (TI)
for average annual data series in 2.5
Tabriz in the period 1951-2022 2
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less than 11 °C, in 24 years it is less than 12 °C, in 51 years
it is less than 13 °C, in 69 years it is less than 14 °C and in
3 years it is more than 14 °C.

Figure 32 indicates the predicted annual average tempera-
ture (°C) frequency and cumulative temperature frequency
in Tabriz in the future period (2022-2100) at RCP 2.6. As
shown in that figure, in 71 years, the predicted annual aver-
age temperature is between 12 and 13 °C, in 7 years it is
between 13 and 14 °C.

Figure 33 indicates the predicted annual average tempera-
ture (°C) frequency and cumulative temperature frequency
in Tabriz in the future period (2022-2100) at RCP 4.5. As
shown in that figure, in 68 years, the predicted annual aver-
age temperature is between 12 and 13 °C, in 9 years it is
between 13 and 14 °C. Also, only in 1 year it i1s more than
14 °C. Also, Fig. 34 shows the predicted annual average
temperature (°C) frequency and cumulative temperature
frequency in Tabriz in the future period (2022-2100) at
RCP 8.5. As shown in that figure, in 68 years, the predicted
annual average temperature is between 12 and 13 °C, in

Temperature Index (TI)

1951 1958 1965 1972 1979 1986 1993 2000 2007 2014 2021

Fig.20 Weighted temperature
index (WTI) for average annual 25

temperature in Tabriz in the =
period 1951-2022 B2
~ 1.5
-
s 1
£
- 05
-
= 0
=
=
e
g -1
]
= -1.5
a -2
5 -2.5
z

@ Springer

b T I— III| - I
05 ”I"Iw 'II ||| |”|II ||||I ; IH

1951 1958 1965 1972 1979 1986 1993

Year

Weighted temperature index (WTI)

2000 2007 2014 2021
Year

st et g



Acta Geophysica

Fig.21 Temperature Index (TI) Temperature Index (TI)- (RCP 2.6)
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Fig. 24 Weighted Temperature
Index (WTTI) for average annual
temperature in Tabriz in the
period 2022-2100 (RCP 4.5
scenario)

Fig. 25 Temperature Index (TI)
for average annual temperature
in Tabriz in the period 2022
2100 (RCP 8.5 scenario)

Fig. 26 Weighted Temperature
Index (WTI) for average annual
temperature in Tabriz in the
period 2022-2100 (RCP 8.5
scenario)

9 years it is between 13 and 14 °C. Also, it is more than

14 °C only in one year.
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temperature time series.

Summary of results for observed and predicted

A summary of obtained results from this research for
monthly and annual temperature time series has been
expressed in Tables 22, 23, 24 in the past (1951-2022)
and future period (2022-2100). By using these tables,
we can quickly view and compare the obtained results. In
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Fig.27 The monthly observed
average temperature in Tabriz
from 1951 to 2022
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Table 22, the observed monthly and annual temperature
time series with RCP 2.6 results were analyzed. In
Table 23, the observed monthly and annual temperature
time series with RCP 4.5 results has been assessed. In
Table 24, the observed monthly and annual temperature
time series with RCP 8.5 has been compared.
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M Observed period WRCP2.6 MWRCP4.5

25.99 25.74

_ 23 2138
* 16.84
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Annual average temperature in Tabriz(°C)
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Monthly Temperature

Months
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Discussion

In this manuscript, to analyze climate change in
Tabriz city in the past (1951-2022) and future
period (2022-2100), two important climate variables
(precipitation and temperature) have been assessed using
a new hybrid method (Statistical Downscaling Method by
using SDSM software, MK trend test, Pettitt Homogeneity
test, precipitation index (PI) and temperature index (TI),

) Springer
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Fig.30 Predicted annually tem-
perature (°C) in Tabriz using the
three RCP scenarios over the

future time period (2022-2100)

Fig. 31 Observed and cumula-
tive annual average temperature
(°C) frequency in Tabriz in the
past studied period (1951-2022)

Fig.32 Predicted and cumula-
tive annual average temperature
(°C) frequency in Tabriz for
RCP 2.6 in the future studied
period (2022-2100)
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weighted precipitation index (WPI), weighted temperature
index (WTI) and frequency analysis) in Tabriz city.
Results indicate that in the base period (1951-2022),
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in the monthly and annual precipitation time series, a
statistically significant trend has not been observed. But,
in the annual precipitation time series, a change point
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Fig.33 Predicted and cumula-
tive annual average temperature

Predicted annual temperature (RCP4.5)
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has been observed in 1982 with a downtrend until 2022.
So, the value of annual precipitation has been reduced
from 316.32 to 261.51 mm in the period between 1982
and 2022. Also, an increasing trend has been observed
for the average air temperature data series in all months
that are statistically significant. In addition, a change was
detected to the annual average temperature in 1994. So
that the average annual air temperature has been reached
13.32 °C from 1994 to 2022.

For future periods, a statistically significant trend for the
monthly precipitation in February and October has been
predicted. Also, a downward change point in July (2054) and
an upward change point in October (2061) in RCP 2.6 have
been detected. Also, no trend has been anticipated for RCP

4.5 for the monthly and annual precipitation. In addition, in
RCP 8.5, a statistically significant decreased trend has been
observed for February.

In addition, five change points are anticipated in March
(2036), May (2039), September (2040), October (2042) and
December (2047) at RCP 2.6 for the average temperature
time series. It also predicted three change points in April
(2039), May (2086) and June (2045) in RCP 4.5. And, four
change points in March (2038), April (2039), May (2086)
and June (2045) have been detected in RCP 8.5.

Assessing (TI), (WTI), (PI) and (WPI) indexes indicate
that in the future, dry and warm periods will be more than
the wet and cold periods. Also, it is concluded that climate
changes have occurred in the past years and have continued

) Springer
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Table 22 Summary of results for monthly and annual temperature, their trends and change points in the past and future periods (RCP 2.6) in

Tabriz

Month/annual Temperature Temperature (°C) Trend SIG/NS Trend SIG/NS Change point Change point
(°C) (1951- (2022-2100) (RCP  (1951- (2022-2100) (1951-2022) (2022-2100)
2022) 2.6) 2022) (RCP 2.6) (RCP 2.6)

Jan -2.06 -0.35 i i NS ! NS 1993 (upward) No

Feb 0.12 —0.84 1] SIG T NS 1998 (upward) No

Mar 5.50 2.68 1 SIG T NS 1997 (upward) 2036 (upward)

Apr 11.32 8.61 f SIG 1 NS 1997 (upward) No

May 16.84 14.56 1 SIG T NS 1994 (upward) 2039 (upward)

Jun 2230 20.25 T SIG T NS 1996 (upward) No

Jul 25.99 24 87 ) SIG T NS 1999 (upward) No

Aug 25.74 2648 1 SIG l NS 1994 (upward) No

Sep 21.38 23.80 1 SIG 1 SIG 1997 (upward) 2040 (downward)

Oct 14.06 17.94 1 SIG 1 SIG 1996 (upward) 2042 (downward)

Nov 6.54 10.65 1 SIG 1 NS 1984 (upward) No

Dec 0.53 4.16 1 NS l SIG = 2047 (downward)

Annual 12.35 12.73 ) SIG 1 NG 1994 (upward) -

S1G statistically significant, NS not statistically significant

Table 23 Summary of results for monthly and annual temperature, their trends and change points in the past and future periods (RCP 4.5) in

Tabriz

Month/Annual Temperature Temperature Trend SIG/NS Trend SIG/NS Change point Change point
(1951-2022) (2022-2100) (RCP  (1951- (2023-2100) (1951-2022) (2023-2100)
°Cy 4.5) (°C) 2022) (RCP 4.5) (RCP 4.5)

Jan -2.06 -1.78 T NS 1 NS 1993 (upward) No

Feb 0.12 -0.48 1 SIG 1 NS 1998 (upward) No

Mar 5.50 4.64 i SIG 1 NS 1997 (upward) No

Apr 11.32 11.03 i SIG 1 SIG 1997 (upward) 2039 (upward)

May 16.84 16.72 T SIG 1 NS 1994 (upward) 2086 (upward)

Jun 22.30 22.64 1 SIG 1 NS 1996 (upward) 2045 (upward)

Jul 25.99 26.47 T SIG 1 NS 1999 (upward) No

Aug 25.74 26.78 1 SIG 1 NS 1994 (upward) No

Sep 21.38 2249 T SIG 1 NS 1997 (upward) No

Oct 14.06 15.32 i SIG 1 NS 1996 (upward) No

Nov 6.54 7.79 1 SIG 1 NS 1984 (upward) No

Dec 0.53 1.55 1 NS 1 NS - No

Annual 12.35 12.76 1 SIG i SIG 1994 (upward) No

SIG statistically significant, NS not statistically significant

until now in Tabriz city. In addition, according to detailed
analysis of precipitation and temperature, it 1s predicted this
climate change will continue in future periods in Tabriz.
However, some other researchers have also studied Tabriz
city with other global climate models. Their results indicate
some similarities and differences with the article. Zarghami
et al. (2009) studied the temperature and precipitation vari-
ables during the period between 1951 and 2008 in Tabriz.
They used the LARS-WG model and a stochastic weather
generator using the HADCM3 model and three emission
scenarios of A1B, A2 and B1 on different horizons of 2020,

@ Springer

2055 and 2090 in Tabriz. They reported that, in the A2 sce-
nario, the average annual temperature increases approxi-
mately 3 °C and annual precipitation will be reduced by
about 5% until the middle of this century. These changes
shift the climate type of the city from« semi-arid» to «arid»
in the De Martonne system (Jafarpour et al. 2023). Anyway,
the obtained results in this research largely confirm the cli-
mate changes in Tabriz city based on statistics and detailed
analysis of observed and predicted time series using an inno-
vative method. Therefore, it is essential that decision mak-
ers use the appropriate measures for mitigation of climate
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Table 24 Summary of results for monthly and annual temperature, their trends and change points in the past and future periods (RCP 8.5) in

Tabriz

Month/annual Temperature Temperature (°C)  Trend SIG/NS Trend SIG/NS Change point Change point
(°C) (1951- (2022-2100) (RCP  (1951— (2023-2100) (1951-2022) (2023-2100) (RCP
2022) 8.5) 2022) (RCP 8.5) 8.5)

Jan —-2.06 —191 1 NS 1 NS 1993 (upward) No

Feb 0.12 —0.52 1 SIG T NS 1998 (upward) No

Mar 5.50 4.0 ) SIG T NS 1997 (upWARD) 2038 (upward)

Apr 11.32 11.07 1 SIG i NS 1997 (upward) 2039 (upward)

May 16.84 16.69 1 SIG T NS 1994 (upward) 2086 (upward)

Jun 22.30 22.60 ) SIG T NS 1996 (upward) 2045 (upward)

Jul 25.99 26.51 1 SIG T NS 1999 (upward) No

Aug 25.74 26.75 1 SIG l NS 1994 (upward) No

Sep 21.38 2249 1 SIG 1 NS 1997 (upward) No

Oct 14.06 15.23 1 SIG 1 NS 1996 (upward) No

Nov 6.54 7.80 1 SIG 1 NS 1984 (upward) No

Dec 0.53 1.56 1 NS 1 NS = No

Annual 12.35 12.74 1 SIG T NS 1994 (upward) No

S1G statistically significant, NS not statistically significant

change effects in Tabriz. Because changes in precipitation
and temperature will surely affect water resources, urban
sustainability, agriculture, industry, the economy, society
etc. Also, it is anticipated that pressure on water resources
will strongly increase in the future years. And, the peo-
ple who live in this city will have exposure to risky water
conditions.

Conclusion

In this study, two main climatic parameters (precipitation
and air temperature) in the historical period (1951-2022)
and in the future period (2022-2100) have been assessed
in Tabriz city, which is located in the northwest of Iran. In
this research, a combined method with the use of several
main methods was used for analysis, and more complete
and detailed results were obtained. However, the method-
ology used in this paper can be used as a suitable model
in other regions for climate change studies. Also, the
obtained results show that the annual average temperature
has increased in the past. And, it is also predicted it will
rise in the future. Also, annual precipitation decreased in
the past, from 1994 to 2022. But in the future period, it
shows a statistically significant increase in scenario 2.6,
and no trend is predicted in other scenarios. These results
imply that city inhabitants, organizations and companies
will encounter many water-related problems in upcoming
years. In fact, climate change will affect the urban water
supply in the following years in the city. So, there is a
need for the presentation of cultural programs to enhance
the culture of inhabitants through efficient use of water.

Changing the old rusty water supply pipes with new ones
should be started seriously as soon as possible in Tabriz.
Moreover, prevention of mixing rainfall with city sewage
is needed. These strategies can save water for different
sectors such as agriculture, industry and so on. However,
it is recommended to conduct similar studies for other met-
ropolitan cities in Iran that are located in water-scarcity
places.
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