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synoptic stations in the north and west of the country, 18 extreme
temperature indices as defined by the Expert Team on Climate Change
Detection Indices (ETCCDI) were evaluated. The results showed that the
temperature intensity indices at night had a higher trend than the
temperature intensity indices during the day. The frequency of the hot night
index and hot day index in most of the studied stations had a significant
increasing trend. Moreover, the cool night frequency index had a negative
and significant trend in the north and west of the country and showed a
higher trend in the north of the country than in the west. The cool day
frequency index was negative for both study areas. Cold extreme indices
including the number of cold days, number of frost days, and cold spell
duration index were obtained in both regions of the country with a negative
trend. While warm indices showed the number of hot days, warm nights,
and warm spell duration index with a positive and significant trend.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
paper distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

Predictability (CLIVAR) and the World Climate
Research Program (WCRP) to facilitate

One of the consequences of climate change is
variation in extreme temperatures, which have
significant effects on agricultural products.
Different indicators are defined for extreme
climatic events. One of the most commonly used
indicators in most research is defined by the
Expert Team on Climate Change Detection and
Indices (ETCCDI). The group presented 27
temperature and precipitation indices as part of
joint projects between the Commission for
Climatology (CCL) and Climate Variability and
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international cooperation in addition to national
studies. In this research, to evaluate indicators,
while considering the homogeneity of the
stations, different indicators of extreme
temperature were analyzed. The purpose of this
study was to analyze the trend of changes in
extreme temperature indices in the north and
west of Iran to inform the planners of natural
resources and agriculture in the relevant policies.
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Material and Methods

In this study, the minimum and maximum daily
data of synoptic stations in the north and west of
the country that had a common and long-term
period were wused. Names, geographical
coordinates, and locations of the selected stations
are shown in Fig. 1. Indices of extreme
temperature and precipitation values have been
defined by different researchers for different
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purposes. In this study, the indicators defined by
ETCCDI were used according to Table 1.
Canadian Meteorological RclimDex software
was designed in such a way that enables us to
calculate the recommended indices of the CCL /
CLIVAR expert group. To use this software, you
need to install and run the R programming
language. RclimDex software.
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Fig. 1 Location of the studied stations

Table 1 Extreme temperature indices recommended by ETCCDI

Index  Descriptive Name Definition Unites
SU25 Hot Days annual count when TX>25°c days
FD Frost Days annual count when TN<0°c days
ID Cold Days annual count when TX<0°c days
TR20 Warm Nights annual count when TN>20°c days
GSL Growing Season annual count between first span of at least 6 days with TG>5°C days

Length after winter and first span after summer of 6 days with TG<5°C
TXx Hottest Day monthly highest TX °C
TNX Hottest Night monthly highest TN °C
TXn Coolest Day monthly lowest TX °C
TNn Coolest Night monthly lowest TN °C
Cool Night .
TN10p F percentage of days when TN<10th percentile of 1961-1990 %
requency
Cool Day .
TX10p F percentage of days when TX<10th percentile of 1961-1990 %
requency
TN90p Hot Night percentage of days when TN>90th percentile of 1961-1990 %
Frequency
TX90p Hot Day Frequency  percentage of days when TX>90th percentile of 1961-1990 %
WSDI Warm Spell annual count of days with at least 6 consecutive days when TX> davs
Duration Index 90™ percentile of 1961-1990 Y
CSDI Cold Spell Duration  annual count of days with at least 6 consecutive days when TN< days
Index 10th percentile of 1961-1990
DTR Diurnal monthly mean difference between TX and TN °C
Temperature Range
Results the 1960-2012 period. Among the studied

Table 2 shows the results of the trend of changes
in extreme temperature values for selected
stations in the north and west of the country in
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stations, Khorramabad and Gorgan stations have
different trend values.
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Variability Assessment of Extreme Temperature

Table 2 Trends of extreme temperature for North and West regions of the country (index units/10 years)

Index North Region West Region

iﬁggﬁr Rasht Ramsar Babolsar Gorgan Kermanshah Khoramabad Sanandaj Unit
TXmean -0.14 004 0.1 0.21 0.09 0.41 -0.17 0.4 ‘C
TNmean 0.43 0.46 0.37 0.45 0.01 0.55 -0.42 0.15 °C
FD -1.4 -2.87 -1.37 -1.24 1.9 -2.65 8.4 -1.17 days
SU25 -0.54 2.6 4.67 5.6 291 4.48 -0.54 4.16 days
ID -0.02 -002 0 -0.01 -0.06 -0.63 -0.02 -1 days
TR20 10.9 1231 10.82 10.38 4.2 2.39 -1.89 1.75 days
GSL 1.86 2.3 2.56 1.81 0.43 5 -2.4 5 days
TXx -11 0.2 0.47 0.13 -0.02 0.11 -0.32 0.12 °C
TXn 0.19 -0.16 0.11 0.29 0.53 0.59 -0.15 0.51 °C
TNx 0.64 056 0.56 0.42 0.1 0.51 -0.11 0.27 °C
TNn 0.47 0.75 054 0.62 -0.02 0.44 -0.42 0.53 °C
TX10P  0.45 -0.05 -0.56 -0.78 -0.1 -1.45 0.15 0.4 %
TX90P  -0.55 097 2 2.21 0.2 3.37 -1.54 3 %
TN1OP  -1.8 -245 -1.44 -1.86 0.36 -1.73 1.57 -0.75 %
TNOOP  5.19 3.34 498 5.15 1.23 3.58 -0.92 1.9 %
WSDI -0.14 2.7 5.27 5.1 0.91 7.44 -1.53 6.3 %
CSDI -0.83 -1.51 -0.16 -0.07 -0.22 -0.93 1 -1 %
DTR -0.58 -042  -0.26 -0.24 0.1 -0.93 0.25 0.24 ‘C
Bold values show significance at the 5% level
A comparison of temperature intensity indices Conclusions

during the day (TXn, TXx) and night (TNn,
TNX) showed that the temperature intensity at
night in the climatic region of the north and west
of Iran had an increasing and significant trend.
the hot nights” frequency (TN90p) and hot days
frequency (TX90p) in most of the studied
stations had a significant increasing trend. The
value of the warm night index trend was higher
in the north than in the west. The cold night
frequency (TN1Op) had a negative and
significant trend in the north and west of the
country and showed a higher trend in the north of
Iran than in the west. The Cold Day frequency
(TX10p) was negative for both study areas.
extreme cold indicators including the number of
cold days (ID), number of frost days (FD), and
Cold spell duration index (CSDI) in both regions
of the country had a negative trend. While warm
indices of the number of hot days (SU), warm
nights (TR20), and Warm spell duration index
(WSDI) had a positive and significant trend. The
number of hot days in the two studied areas was
almost similar and the number of warm nights in
the northern part of the country increased sharply
and had the highest value among all the studied
indicators. Non- homogeneity of data can lead to
inaccurate results from the analysis of indicators.
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According to the finding of this study, it can be
concluded that: spatial changes in temperature
extremes are in the north and west of the country.
The results showed that the frequency of hot
days, warm nights, and extreme high-temperature
events have increased, while the frequency of
cold days, cold nights and extreme low-
temperature events has decreased. Among all the
studied temperature indices, in the northern
region of the country, the Index of warm nights
had the highest trend, while the highest trend in
the western region was related to the warm spell
duration index. Due to the changes in extreme
temperature and its effects on various human
activities such as agriculture, environment, water
resources, and energy management, it is
necessary to adapt the policies of the relevant
sectors to the new conditions.

Data Availability
The data can be sent on request by the
corresponding author via email.
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Region  Station name Latitude (°N) Longitude (°W) Elevation (m) Period Start End
Bandar Anazli 37-28 49-28 -26 1951 2012

> Rasht 37-12 49-39 37 1956 2012
=1 Ramsar 36-54 50-40 -20 1955 2012
= Babolsar 36-43 52-39 -21 1951 2012
Gorgan 36-51 54-16 13 1952 2012

< Kermanshah 34-19 47-07 1322 1951 2012

@ Khoramabad 33-29 48-22 1125 1951 2012
- Sanandaj 35-20 47-00 1373 1959 2012
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Table 2 Extreme temperature indices recommended by ETCCDI

Index  Descriptive Name Definition Unites
SU25 Hot days annual count when TX>25°c days
FD Frost days annual count when TN<0°c days
ID Cold days annual count when TX<0°c days
TR20 Warm nights annual count when TN>20°c days
GSL Growing season annual count between first span of least 6 days with TG>5°C after days
length winter and first span after summer of 6 days with TG<5°C
TXX Hottest day monthly highest TX °C
TNXx Hottest night monthly highest TN °C
TXn Coolest day monthly lowest TX °C
TNn Coolest night monthly lowest TN °C
Cool night .
TN10p percentage of days when TN<10th percentile of 1961-1990 %
frequency
TX10p Cool day frequency percentage of days when TX<10th percentile of 1961-1990 %
TN9O0p Hot night percentage of days when TN>90th percentile of 1961-1990 %
frequency
TX90p Hotday frequency  percentage of days when TX>90th percentile of 1961-1990 %
WSDI Warm spell annual count of days with at least 6 consecutive days when TX> 90 days
duration index percentile of 1961-1990
CSDI Cold spell duration  annual count of days with at least 6 consecutive days when TN< 10th days
index percentile of 1961-1990
Diurnal .
DTR monthly mean difference between TX and TN °C

temperature range
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Table 3 Trends of extreme temperature for North and West regions of the country (index units/10 years)

Index North Region West Region
BAinzczjjir Rasht Ramsar Babolsar Gorgan Kermanshah Khoramabad Sanandaj Unit
TXmean -0.14 0.04 0.1 0.21 0.09 0.41 -0.17 0.4 °C
TNmean 0.43 0.46 0.37 0.45 0.01 0.55 -0.42 0.15 °C
FD -1.4 -2.87 -1.37 -1.24 19 -2.65 8.4 -1.17 days
SuU25 -0.54 2.6 4.67 5.6 291 4.48 -0.54 4.16 days
ID -0.02 -0.02 0 -0.01 -0.06 -0.63 -0.02 -1 days
TR20 10.9 1231 10.82 10.38 4.2 2.39 -1.89 1.75 days
GSL 1.86 2.3 2.56 1.81 0.43 5 -2.4 5 days
TXx -11 0.2 0.47 0.13 -0.02 0.11 -0.32 0.12 °C
TXn 0.19 -0.16 0.11 0.29 0.53 0.59 -0.15 0.51 °C
TNx 0.64 0.56 0.56 0.42 0.1 0.51 -0.11 0.27 °C
TNn 0.47 0.75 0.54 0.62 -0.02 0.44 -0.42 0.53 °C
TX10P 0.45 -0.05 -0.56 -0.78 -0.1 -1.45 0.15 0.4 %
TX90P -0.55 0.97 2 221 0.2 3.37 -1.54 3 %
TN10P -1.8 -2.45 -1.44 -1.86 0.36 -1.73 1.57 -0.75 %
TN9OP 5.19 3.34 4,98 5.15 1.23 3.58 -0.92 19 %
WSDI -0.14 2.7 5.27 5.1 0.91 7.44 -1.53 6.3 %
CsDI -0.83 -1.51 -0.16 -0.07 -0.22 -0.93 1 -1 %
DTR -0.58 -0.42 -0.26 -0.24 0.1 -0.93 0.25 0.24 °C
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