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data intensified the trend orientation and magnitude 
of climatic variables compared to the reliable ones. In 
addition, increasing rates in T

x
 and T

n
 (decreasing rate 

inP ) for the stations located in the urban areas were 
larger (smaller) than those in the non-urban areas. 
This research revealed the necessity of metadata for 
accurate interpretation of results obtained from the 
statistical methods. The study suggests to the Iranian 
climate researchers to employ with caution a homoge-
neous length of series rather than total inhomogeneous 
length of series.

Keywords Precipitation · Temperature · Change 
point · Trend · Metadata · Iran

Introduction

Due to an increase in anthropogenic greenhouse gas 
emissions, most regions of the world have experi-
enced rapid warming since the mid-twentieth cen-
tury, which in turn could potentially affect other 
climatic factors such as the global pattern of pre-
cipitation in the future (IPCC, 2014). In response 
to these global changes, the abrupt or gradual shifts 
(actual climatic changes) may appear in the regional 
or local climatic time series. However, changes 
in climate time series may also manifest due to 
changes in the location of the observing station, 
environment (exposure), instrumentation, or obser-
vation practices (Aguilar et  al., 2003), which were 

Abstract Climate time series may exhibit abrupt 
or gradual shift, due to non-climatic changes (e.g., 
the station relocation) or actual climate change of 
a region. This study presented a step-by-step meth-
odology for detecting the climatic and non-climatic 
changes in annual precipitation ( P ) and maximum 
( T

x
 ) and minimum ( T

n
 ) air temperature data related 

to 37 weather stations across Iran, using the statisti-
cal methods and stations metadata. All data cover the 
common period of 1961–2014. Abrupt changes in 
climate data were detected using the non-parametric 
Pettitt test and the piecewise linear regression model, 
the gradual changes using the non-parametric Mann–
Kendall (MK) test, and the magnitude of trends using 
the Sen’s slope estimator. In addition, a two-sample 
t-test was used to consider whether means of the cli-
mate data have been significantly changed in the pres-
ence of change points recorded in stations metadata. 
Results indicated overall increasing trends in T

x
 andT

n
 , 

with more increasing rate for T
n
 . In case of precipita-

tion, most stations indicated non-significant decreas-
ing/increasing trends while six of them showed sig-
nificant decreasing trends. The detected breaking 
points, mainly in T

n
, were concurrent with the years 

of change in the original locations of 6 out of 37 sta-
tions. It was specified that the unreliable stations’  
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termed as “spurious (i.e., non-climatic) changes” 
(Klein Tank & Zwiers, 2009). Such information that 
is accessible from the station history documents or 
metadata (Aguilar et  al., 2003) allows researchers 
to accurately interpret the long-term or short-term 
changes detected in the climate time series and to 
reduce the uncertainties in climate change analyses.

A climate time series is defined as homogene-
ous where it is only affected by the climatic varia-
tions and regional trend information (Zhang et  al., 
2014). The climate time series of abrupt/gradual 
shifts related to actual climatic changes are thus 
homogeneous, whereas those related to non-cli-
matic changes are inhomogeneous. Many research 
efforts were carried out to detect inhomogeneity in 
climate data (Bazgeer et  al., 2019) and to investi-
gate the effect of inhomogeneity on trend analysis 
for undocumented (Li & Dong, 2009) and docu-
mented (Feng et  al., 2004; Kolendowicz et  al., 
2019; Li & Yan, 2010; Menne & Williams, 2009; 
Rahimzadeh & Nassaji Zavareh, 2014; Zhang 
et  al., 2014) changes. In some studies, the stations 
with documented changes, especially relocation, 
were removed from the analyses of homogene-
ity and trend (Alizadeh-Choobari & Najafi, 2017; 
Rahimzadeh et  al., 2009), and in some other stud-
ies, the effect of documented changes on the results 
of trend analysis were regarded (Bazrafshan, 2017; 
Feizi et al., 2014; Ghasemi, 2015; Kousari & Asadi 
Zarch, 2011; Rahimi & Fatemi, 2019), probably due 
to lack of access to metadata.

Over the last few decades, the maximum and mini-
mum temperatures observed in weather stations have 
not been uniform (IPCC, 2014), but the warming rate 
of the minimum temperature has been mainly greater 
than that of the maximum temperature (Joanna & 
Bronislaw, 2002; Kruger & Shongwe, 2004; Vose 
et  al., 2005). While nearly all regions of the globe 
have experienced a growing rise in air temperature, 
mean annual precipitation has risen in subpolar and 
tropical regions and decreased in subtropical regions 
(Feng et al., 2019). In fact, with increasing tempera-
ture in arid and semi-arid lands in the subtropical 
regions, the atmosphere needs a longer time to be sat-
urated. Before precipitation being started, the atmos-
pheric general circulation transports the accumulated 
water vapor to higher latitudes; thus, the amount of 
precipitation in the subtropical regions decreases 
(Alizadeh-Choobari & Najafi, 2017).

The average annual temperature in Iran has 
increased significantly by 0.3 ◦C per decade over the 
last 50 years (Rahimi et al., 2019). The warming rates 
of the homogenized annual mean minimum and maxi-
mum temperature data were determined 0.4––0.5 and 
0.2–0.3 ◦C per decade over the country (Rahimzadeh 
& Nassaji Zavareh, 2014). On an intra-annual basis, 
the winter season became warm at a higher rate than 
other seasons (Ahmadi et  al., 2018). However, the 
warm seasons (summer and spring) showed a more 
definite warming trend than the cold seasons (winter 
and autumn). Moreover, Iran’s warm climate regions 
have experienced warming at a higher rate than the 
cold climate regions (Ghasemi, 2015). Annual mean 
precipitation over the country has decreased by about 
− 7 mm per decade (Bazrafshan, 2017; Rahimi et al., 
2019). Decreasing trends in the annual mean pre-
cipitation have been observed mainly in the northern 
and northwestern parts of Iran (Modarres & Sarhadi, 
2009). However, extreme precipitation has increased 
over the last few decades (Balling et al., 2016; Soltani 
et  al., 2016), particularly in the arid and semi-arid 
regions of the country (Modarres & Sarhadi, 2009). 
Similar to extreme precipitation, significant increas-
ing trends in extreme temperature indices have also 
been reported (Soltani et al., 2016).

Various statistical approaches were used to analyze 
trends and to identify breakpoints in the climate time 
series. The Mann–Kendall statistic (Kendall, 1970; 
Mann, 1945) has been used as the most common sta-
tistical test for trend analysis and the Pettitt test (Pet-
titt, 1979) and the piecewise linear regression model 
(Li et al., 2017; Toms & Lesperance, 2003) for break-
point detection. Following the detection of temporal 
trends and breakpoints in the climate time series, it 
is necessary to consider their validity with respect 
to the station history metadata (Klein Tank & Zwi-
ers, 2009). Unfortunately, most studies performed in 
Iran (Ahmadi et al., 2018; Balling et al., 2016; Feizi 
et  al., 2014; Kousari & Asadi Zarch, 2011; Soltani 
et al., 2016) only reported the findings of the change 
detection statistical tests without checking the validity 
of the detected changes relative to metadata. In addi-
tion, the impact of the time and type of changes docu-
mented in stations metadata on the statistical meas-
ures (e.g., mean) of climate data has not been clearly 
addressed by the previous studies done in the country. 
In order to address these issues, main objectives of 
this study were described as follows:
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i) Detection of abrupt and gradual shifts in annual 
Iranian air temperature and precipitation data 
using a variety of statistical tests

ii) Validation of significant abrupt or gradual shifts, 
detected by the statistical tests, in the climate 
time series regarding stations metadata

iii) Evaluation of the changes documented in stations 
metadata for the significant shifts in the means of 
climate data

This paper is organized as follows. The “Study 
area and datasets” section describes the study area 
and the datasets. The “Methodology” section intro-
duces the general methodology and the methods used 
in this study to identify inhomogeneity in data. The 
“Results and discussion” section presents the results 
obtained from analyzing data by using several statis-
tical techniques. Last, the “Conclusion” section pre-
sents our conclusions.

Study area and datasets

Study area

The study area, Iran, is located between 25° and 39° 
north latitude and 44° and 63° east longitude. Diver-
sity in climate of Iran is very high due to existing the 
high lands stretched from the west to the east (Alborz 
Mountains) and from the northwest to the southwest 
(Zagros Mountains), the vast latitude, and the prox-
imity of the land to the seas (Caspian Sea in the north 
and Persian Gulf in the south) and the other near/far 
water bodies (Khalili & Rahimi, 2018). According 
to the extended De Martonne classification (Rahimi 
et  al., 2013), Iran’s climates ranges from per-humid 
to extra arid, in terms of an aridity index, and from 
very cold to warm, in terms of a thermal index. Most 
of the country area is located in arid and semi-arid 
climates.

Meteorological data

In this study, the annual precipitation and air tempera-
ture datasets of 376 weather stations across Iran were 
collected from IR of Iranian Meteorological Organi-
zation (IRIMO). Most stations were established in 
recent years; therefore, lengths of their data were so 

short that can be used in this study. The missing val-
ues for each of 376 stations were counted during three 
record periods including 1951–2014, 1961–2014, 
and 1971–2014. For an acceptable threshold of 10% 
or less of the missing values over the record periods 
(Aguilar et al., 2003), there were 27, 37, and 38 sta-
tions corresponding to the three record periods. It is 
observed that, in terms of the number of stations, the 
difference between the first and both of the other two 
record periods is high; however, there is a small dif-
ference between the second and third periods. There-
fore, 37 stations covering mainly the record period 
of 1961–2014 were chosen for further analyses in 
this study. Our investigations showed that 18 out of 
37 stations had no missing values during the selected 
period. Missing values were filled using a regression 
model between the target station and the neighboring 
station of complete data that was strongly correlated 
with the target station (Sattari et al., 2017). The geo-
graphical locations of the weather stations chosen for 
this study are presented in Fig. 1.

Metadata

According to Aguilar et  al. (2003), the metadata or 
the station’s documentation is information about the 
data measured at the station; therefore, metadata is 
data about the data. It provides information about site/
location, instrumentation, observation practices, site 
exposure, station location changes etc. Knowledge of 
non-climatic changes in the station history allows us 
to accurately judge the results of the statistical tech-
niques on changing climate elements in a region and 
to ensure that variations in the climate time series are 
only due to actual climate variability and change.

Table  1 presents the metadata of the 37 selected 
weather stations used in this study. As per the table, 
there have not been reported any non-climatic 
changes at 9 out of 37 stations over the record period. 
Many stations experienced relocation mainly due to 
urban development, war-induced damages to the sta-
tion’s original location, and the nonstandard platform. 
Most of the historical changes in location of stations 
have been happened over the 1990s. Furthermore, 23 
out of 37 stations were within the urban areas. Ten 
(19) stations reported two (one) change points accord-
ing to their metadata. Change in the station’s location 
was reported at 23 stations, with one station (Saghez) 
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that its location has been changed two times over the 
record period. The other two changes recorded in the 
stations metadata were the change in the exposure 
and type of station.

Methodology

The process of this study, as shown in Fig. 2, begins 
with the compilation of the available air tempera-
ture and precipitation data and the metadata of the 
selected weather stations across Iran. Each time 
series is subjected to the Pettitt test (Pettitt, 1979) 
(and the piecewise linear regression model (Li et al., 
2017; Toms & Lesperance, 2003) as a comparative 
method with the Pettitt test) to detect the most prob-
able breakpoint over the record period. If a statisti-
cally non-significant breakpoint is detected by the 
test during the record period, homogeneity of the 

time series is confirmed and the process goes ahead 
for temporal trend analysis; otherwise, the detected 
breakpoint is compared to the change point(s) 
recorded in the station history metadata. If both the 
detected breakpoint and the observed change point 
have happened at the same time, i.e., the outcome is 
“Yes,” a non-climatic factor has led to inhomogene-
ity in the time series and that time series is unreli-
able for trend analysis. For the outcome “No,” the 
breakpoint detected by the Pettitt test is assumed to 
have occurred as a result of actual climate change 
in the region and the next step asks for any changes 
that may be recorded in the metadata. Conditioned 
to existing change point(s) in the station metadata, 
another statistical test, i.e., the t-test, is carried out 
to determine whether the means of the subseries 
prior to and after the change time are significantly 
different from each other. If the observed change is 
statistically significant, the abrupt change in the time 

Fig. 1  Situations of the selected weather stations over the study area, Iran. The names of stations corresponding to stations’ numbers 
are presented in Table 1
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series may be due to non-climatic change, and there-
fore, the series should be modified for that change 
(Feng et  al., 2004). Otherwise, the time series is 
homogeneous and can be taken into consideration 
for trend analysis. More details on the methods used 
in this study are presented as follows.

The Pettitt statistical test

The non-parametric Pettitt test (Pettitt, 1979) is used 
to find the most probable breakpoint (i.e. abrupt 
change point) in a time series. Assuming the occur-
rence of the break point at any time t , the Ut,n statistic 
is calculated using the sign function:

where sgn(xi − xj) is the sign function and takes val-
ues + 1, 0, -1 if (xi − xj) is positive, zero, and negative, 
respectively; n is size of the data; t is the assumed 
breakpoint time and takes values 1,… , n ; xi and xj are 
the data at times i and j . The Pettitt statistic ( K ) is 
calculated using the following formula:

The p − value corresponding to the K-value is calcu-
lated as follows:

The null hypothesis of no breakpoint  (H0) is rejected 
if pvalue is less than the significance level of α (i.e., 
the probability of incorrectly rejecting  H0, here 5 
percent).

The piecewise linear regression model

The piecewise linear regression (PLR) model (Li et al., 
2017; Toms & Lesperance, 2003), in addition to the 
Pettitt test, is used to detect the most probable break-
point in climate data. The PLR model used in this study 
breaks a climate series into two segments at the break-
point c as follows:

where �
0

 , �
1

 , and �
2

 are the regression parameters; � = 0 
if x ≤ c, and � = 1 if x > c ; x is the time variable (here, 

(1)Ut,n =
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the year); y is the climate variable ( P , Tn , or Tx ). The 
breakpoint c is determined using the iterative search 
procedure described by Crawley (2012). It is the value 
of x for which the slope of the linear regression changes 
and Eq. (4) is estimated with the lowest value of mean 
square error (MSE). All parameters are estimated using 
the least square error method.

The two‑sample t‑test

The two-sample t-test (Snedecor & Cochran, 1989) is 
used to determine if two population means are equal. 

As a history change (recorded in the station metadata) 
splits the time series into two subseries (one relates to 
before and the other relates to after the change point), 
the t-test is applied to compare the two subseries means 
in this study. Assuming two independent populations, 
the t-test statistic for testing the null hypothesis  H0 
( �

1

= �
2

) against  H1 ( �1

≠ �
2

) is defined as follows:

(5)t =

−

X
1

−
−

X
2

Sp

(
1

n
1

+
1

n
2

)
2

Fig. 2  Flowchart of the 
methodology used in this 
study
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in which 
−

X
1

 and 
−

X
2

 are the means of subseries 1 and 
2, respectively; n

1

 and n
2

 are the subseries sizes used 
to compute 

−

X
1

 and 
−

X
2

 , respectively; t is the value of a 
random variable having t-distribution with degrees of 
freedom of df = n

1

+ n
2

− 2 ; and Sp is the square root 
of the pooled variance that is given by:

in which S2
1

 and S2
2

 are the variances of the subseries 1 
and 2, respectively. Note that the t-test statistic 
assumes that the variances of two subseries in their 
populations are equal, but unknown. The null hypoth-
esis is rejected if |t| > |||t𝛼∕2

||| ( � is the significance 
level, here 5%). Under condition of rejection of  H0, 
the data are inhomogeneous and unreliable for trend 
analysis.

The MK statistical test

In this study, the nonparametric Mann–Kendall (MK) 
statistical test (Kendall, 1970; Mann, 1945) was used 
to assess trend orientation in the annual and seasonal 
precipitation and temperature time series. Taking into 
account the serially independent data xi, i = 1,2, ..., n , 
in which n is the size of data, the S statistic of the MK 
test is defined as the sum of the sign function values 
as follows:

The statistic S is approximately normally distributed 
if the size of data is greater than 8 (Kendall, 1970; 
Mann, 1945). The MK test statistic Z is then given 
by:

where Var(S) is the variance of S , expressed as:

in which, g is the number of tied groups; and tp is the 
number of observations in the p th group. The null 

(6)Sp =

√(
n
1

− 1

)
S2
1

+
(
n
2

− 1

)
S2
2

n
1

+ n
2

− 2

(7)S =
∑n−1

i=1

∑n

j=i+1
sgn(xi − xj)

(8)Z =

⎧⎪⎨⎪⎩

S−1√
Var(S)

, S > 0

0, S = 0

S+1√
Var(S)

, S < 0

(9)
Var(S) =

1

18

[n(n − 1)(2n + 5) −
∑g

p−1
tp(tp − 1)(2tp + 5)]

hypothesis  H0 (no trend or trend-free) is rejected 
if |Z| > Z

1−𝛼∕2 , where Z
1−�∕2 is the standard normal 

variate at the significance level of α. Under alterna-
tive hypothesis  H1 (existing trend), a positive (nega-
tive) value of Z specifies an upward (downward) 
monotonic trend. Note that all series were subjected 
to testing for the serial dependencies (lag-1 autocor-
relations) and such dependencies were removed from 
the time series (i.e., the series were pre-whitened) 
before they were further analyzed for trend detection. 
The approach used to pre-whitening the time series 
has been presented in Hamed and Ramachandra Rao 
(1998) and Yue et al. (2002).

The Sen’s slope estimator

The Sen’s slope estimator, which was developed by 
Sen (1968), is used to estimate the magnitude of trend 
in the climate time series. It estimates the median of 
the slopes between any two time points of data by the 
following formula:

Results and discussion

Detection of the most probable breakpoints 
in the climate time series

Results of the Pettitt test applied to the annual mean 
maximum ( Tx ) and minimum ( Tn ) air temperature and 
the annual total precipitation ( P ) data are presented 
in Table 2. As per the table, at most stations, the test 
detected significant breakpoints in the temperature 
variables Tx and Tn at the 5% significance level, with 
more cases for Tn (35 stations) than Tx (30 stations). 
In case of the variable P , only eight stations showed 
significant abrupt change at the 5% significance level. 
This means that air temperature compared with pre-
cipitation is more responsive to climatic or non-cli-
matic changes in the stations of interest. It was also 
indicated that only for five stations (Kermanshah, 
Khoy, Sanandaj, Tabriz, and Zabol) the Pettitt test 
detected the significant breakpoints in all three vari-
ables Tn , Tx , and P . However, the variables were not 

(10)b = Median

(
xj − xi

j − i

)
, 1 ≤ i < j ≤ n
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Table 2  The Pettitt statistics (PS) of the Pettitt test (PT) and the mean squares error (MSE) of the PLR model and their breakpoints 
(BP) for the annual mean maximum ( T

x
 ) and minimum ( T

n
 ) air temperature and precipitation ( P ) data for the stations of interest

a and bindicate that the breakpoints, based on the Pettitt test and the PLR model, respectively, are in accordance with the change 
recorded in metadata
**, *, and ns indicate the 10%, 5% significance, and non-significance level, respectively

Station T
x
(°C) T

n
(°C) P(mm)

PT PLR PT PLR PT PLR

PS BP MSE BP PS BP MSE BP PS BP MSE BP

Abadan 578** 1997 0.702 1997 665** 1992a 0.526 1980 207 ns 2007 55.97 1971
Ahwaz 509** 1997 0.647 1997 716** 1985a 0.493 1976 206 ns 2006 77.51 1966
Arakb 257 ns 1997 1.016 1981 293* 1997 0.818 1981 316* 1982 89.83 1967
Babolsarb 197** 1997 0.808 1994 195** 1997 0.562 1993 82 ns 1998 88.66 1994
Bam 475** 1997 0.720 1970 694** 1984a 0.493 1997 219 ns 1999 26.24 2000
Bandar Abbas 303* 1997 0.561 1997 366** 1971 0.422 1971 226 ns 2000 103.13 1975
Bandar Anzali 310* 1981 0.656 1994 674** 1994 0.522 1994 135 ns 1989 354.04 1971
Bandar Lengeh 363** 1997 0.437 1997 560** 1995 0.384 1997 248* 1998 83.57 1998
Birjand 269 ns 1997 0.715 1997 345** 1978 0.556 1978 299* 1997 46.04 1973
Bushehr 394** 1978 0.676 1976 645** 1993 0.392 1981 215 ns 2005 94.54 1995
Esfahan 583** 1996 0.669 1997 361** 1984 0.477 1994b 247 ns 1973 42.37 1980
Gazvin 350** 1994 0.827 1971 358** 1996 0.633 1973 115 ns 1976 86.54 1996
Gorgan 378** 1996 0.737 1969 206 ns 1983 0.712 1983 438** 1982 101.78 1981
Iranshahr 313** 1981 0.587 1997 591** 1987 0.436 1996 240 ns 1998 51.06 1998
Kashan 162 ns 1996 0.844 1983 332** 1997 0.621 1993 111 ns 1983 47.40 1972
Kerman 548** 1997 0.620 1997 625** 1987 0.574 1996 300* 1997 44.44 1997
Kermanshah 658** 1994 0.750 1994 605** 1992 0.601 1975 376** 1994 105.94 1972
Khorramabad 315* 1979 0.779 1997 647** 1979 0.649 1979 313* 1997 112.25 1991
Khoy 422** 1994 1.072 1974 535** 1993 0.960 1970 404** 1982a 67.47 1982b

Mashhad 506** 1994 0.881 1994 728** 1986a 0.714 1985 201 ns 1993 65.85 1993
Oroomieh 481** 1997 1.017 1970 314* 1993 0.861 1970 259 ns 1995 86.90 1969
Ramsar 419** 1996 0.598 1994 669** 1993 0.486 1968 124 ns 1978 289.45 2008
Rasht 271 1994 0.710 1994 595** 1984 0.614 1972 170 ns 1994 250.45 1994
Sabzevar 459** 1993 0.766 1993 592** 1986 0.672 2003 247 ns 1971 55.57 1971
Saghez 236 ns 1987 1.094 1987 325** 1987 1.003 1987 352** 1994 117.05 1994
Sanandaj 576** 1994 0.842 1981 439** 1993 0.752 1971 493** 1997 101.56 1976
Semnan 275* 1997 0.803 1981 556** 1984 0.580 1982 139 ns 1971 53.05 1972
Shahrekord 320** 1983 0.801 1983 486** 2002a 0.698 2002b 88 ns 1994 90.00 1967
Shahroud 326** 1996 0.739 1996 704** 1984 0.568 1982 191 ns 1993 51.01 1971
Shiraz 431** 1997 0.672 1997 684** 1984 0.596 2003 148 ns 2006 100.86 2006
Tabriz 577** 1994 0.852 1994 594** 1993 0.696 1993 422** 1982 68.58 1969
Tehran Mehrabad 479** 1994 0.712 1993 682** 1984 0.583 1976 172 ns 1968 69.88 1967
Torbat Heydarieh 531** 1985 0.784 1985 520** 1996 0.566 1974 213 ns 1999 77.53 1999
Yazd 544** 1997 0.670 1997 647** 1993 0.932 1970 161 ns 1975 23.67 1975
Zabol 443** 1997 0.872 1999 573** 1993 0.504 1975 307** 1999 28.10 1989
Zahedan 436** 1997 0.628 1997 581** 1996 0.618 2001 233 ns 1997 37.55 1997
Zanjan 334** 1997 0.828 1993 389** 1997 0.813 1983b 196 ns 1987 74.43 1969
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the same in terms of the year corresponding to the 
most probable breakpoint. Most of the estimated 
breakpoints concentrated on the 1980s and 1990s, 
which is consistent with the results of Bazgeer et al. 
(2019) and Ghasemi (2015).

As presented in Table 2 and shown in Fig. 3, the 
Pettitt test identified totally six significant break-
points in the annual time series that were consistent 
with the change points recorded in the stations meta-
data. Five of the six significant breakpoints men-
tioned above were observed in Tn (Abadan, Ahwaz, 
Bam, Shahrekord, and Mashhad) and the remaining 
one in P (Khoy). In addition, the significant break-
points detected in Abadan, Ahwaz, Bam, Shahrekord, 
and Khoy can be attributed to change in the location 
of stations, and the significant breakpoint detected 
in Mashhad can be triggered by change in the sta-
tion’s exposure. None of the breakpoints detected in 
Tx were compatible with the changes recorded in the 
stations metadata. This result is consistent with the 
results of other researches, e.g., Bazgeer et al. (2019) 
and Rahimzadeh and Nassaji Zavareh (2014), con-
ducted in Iran. The PLR also found four significant 
breakpoints in Tn and P , like the Pettitt test, which 
accorded with the metadata change points, as repre-
sented in Table  2. Two out of four breakpoints (for 
P in the Khoy station and Tn in the Shahrekord sta-
tion) obtained from the PLR were similar to those 
obtained from the Pettitt test. The remainder two 
breakpoints were recorded at different stations. The 
PLR model generated breakpoints which were simi-
lar to those generated by the Pettitt test in 18, 7, and 
11 cases for Tn , Tx and P , respectively. The piecewise 
regressions fitted to the left hand and the right hand 
of the breakpoints detected by the iterative search 
procedure were represented in Fig. 4. As a result, the 
Pettitt test was more reliable than the PLR because it 
identified more breakpoints that consistent with the 
metadata change points.

As indicated by the Pettitt test in Fig. 5, less than 
50% of the most probable breakpoints happened 
at the same time as or after the first change points 
recorded in metadata. This implies that the most 
probable up or down abrupt changes in time series, 
identified by the test, might have started from the 
first change point reported in metadata. For the most 
significant abrupt changes that occurred prior to the 
change points recorded in metadata, the natural or 
unrecorded human factors may be responsible for 
the changes. For the stations with no change points 
in their metadata (i.e., nine stations, as mentioned 
earlier in Table 1), the Pettitt test detected the abrupt 
shifts in Tn at all nine stations, in Tx at seven out of the 
nine stations, and in P at one out of the nine stations. 
Note that all nine stations are located in urban devel-
opment areas (Table 1).

Testing the significance of documented change 
points

In addition to determining the most probable change 
point in a time series, considerations were done to be 
determined whether the change points recorded in the 
station history metadata generate significant abrupt 
shifts in the three annual time series related to the sta-
tions of interest. As stated earlier, based on the situa-
tion of each observed change point in metadata, each 
time series was broken into two subseries, including 
the subseries prior to the change point (the first sub-
series) and the subseries after the change point (the 
second subseries). Then, difference between the sub-
series means was examined using the two-sample 
t-test. Results of the test for the first change point 
recorded in the stations metadata have been presented 
in Table  3. As shown in the table, the first change 
points for 20, 16, and 6 stations significantly affected 
means of the subseries Tx , Tn , and P, respectively. The 
second change points (results not shown) also signifi-
cantly changed the means of the subseries of air tem-
perature compared with those of precipitation.

The change points recorded in the metadata of 
Kerman, Sanandaj, and Tabriz stations significantly 
changed the means of all three climate variables 
used in this study. At the Sanandaj and Tabriz sta-
tions, each of which with two historic change points, 
the means of the three climate variables were signif-
icantly affected by both historic change points. It is 

Fig. 3  The left panels: the most probable breakpoints (verti-
cal dotted red lines) resulted from the Pettitt test related to the 
minimum temperature of five stations and the precipitation of 
one station whose breaking years are in accordance with the 
years of the changes recorded in those stations’ metadata. The 
parallel dotted lines before and after breakpoints show the 
mean values. The right panels: the Pettit statistic along with 
the 10% (light pink color) and 5% (dark pink color) signifi-
cance levels

◂
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notable that all five change points mentioned above 
were due to the change in the stations’ exposure.

Trend analysis of the climate time series

When a station’s time series is marked as inhomoge-
neous (due to a non-climatic change), the data series 
of that station is unreliable for the analysis of trend 
and variability (Feng et al., 2004; Menne & Williams, 
2009). In order to consider this issue, trend analysis 
was carried out for both reliable and unreliable sta-
tions’ data and the results of trend analysis for the two 
mentioned groups were compared together. Note that 
the significant serial dependencies in all three climate 
variables were eliminated from the original series 
before the series were analyzed for trend orientation 
and magnitude. In the following, the issue of trend 
analysis is considered under two below states:

• Aggregation of the unreliable and reliable sta‑
tions’ data: Table 4 shows the results of the MK sta-
tistical test and the Sen’s slope estimator for analysis 
of trend orientation and magnitude, respectively, in 
the climate variables Tx , Tn , and P at all stations of 
interest. The reliable stations’ data have been dis-
tinguished with grey color from the unreliable ones. 
As shown in Table  4, the MK test mainly detected 
the significant increasing trends in air temperature 
data and the significant decreasing trends in precipi-
tation data at the 5% significance level. Of 28 sta-
tions with change points recorded in their metadata, 
17 stations detected the significant positive/nega-
tive gradual changes in Tx (one station was negative 
and the remaining ones were positive), 23 stations in 
Tn (two cases were negative and the remaining ones 
were positive), and 7 stations in P (one station was 
positive and the remaining ones were negative). For 
the stations without any change points in metadata, 
3, 6, and 1 station indicated gradual shifts in Tx , Tn , 
and P , respectively, with the positive significant trends 
for Tx and Tn and the negative significant trend for P . 

Table 4 also shows the trend magnitudes for all sta-
tions of interest. As shown in the table, for the stations 
with (without) change points recorded in metadata the 
trend magnitudes for Tx ranged between − 0.02 and 
0.05°◦C per year (− 0.01–0.06°◦C per year). Like-
wise, the magnitudes varied from − 0.04 to 0.09°◦C 
per year (0.01–0.07°◦C per year) for Tn , and varied 
from − 3.58 to 0.99 mm per year (− 2.08–0.35 mm 
per year) for P . In general, at most stations, the mag-
nitudes of the increasing rates for both Tx and Tn were 
greater than the decreasing rates and Tn increased with 
the rates higher than Tx . Also, the decreasing rates in P 
were higher than the increasing rates.
• Disaggregation of the unreliable and reliable 
stations’ data: The results of the MK test and Sen’s 
slope estimator disaggregated for the reliable and 
unreliable stations’ data of the climate variables Tx , 
Tn , and P have been displayed as boxplots in Fig. 6. 
As shown in the figure, the unreliable stations’ data, 
compared with the reliable ones, increased the abso-
lute values of the median of the MK statistic for all 
three climate variables. While the median of the MK 
statistic for the reliable stations’ data of the vari-
ables Tx and P were insignificant in the 5% level, the 
median of the MK statistic for the unreliable stations’ 
data of the same variables were significant. In case 
of the variable Tn , although medians of both reliable 
and unreliable data were significant at the 5% level, 
the level of median for unreliable data were higher 
than that for reliable data. Therefore, the percent-
age of stations with positive significant trends in Tx 
and Tn and negative significant trends in P were very 
greater for unreliable data than reliable ones. Accord-
ing to Fig. 6, the same results can be attributed to the 
trend magnitudes of the climate variables used in this 
study. The unreliable stations’ data raised the median 
rates of increasing (decreasing) in Tx and Tn ( P ), in 
comparison with the reliable ones. As a result, the 
unreliable stations’ data introduced unrealistically 
increasing trends in Tx and Tn and decreasing trend 
in P , which, in turn, can produce concerns about the 
rate of warming and its impact on precipitation over 
the study area.

Effect of urbanization on the trend magnitudes 
of time series

Effect of the presence/no presence of the stations in 
urban area on the trend magnitudes of the climate 

Fig. 4  The left panels: the most probable breakpoints (ver-
tical dotted red lines) based on the PLR method over the six 
climatic series specified in Fig.  3, along with the piecewise 
regressions and their corresponding 95% confidence levels. 
The right panels: the MSE variations and the position of break-
point having the lowest value of MSE for each climate series

◂
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variables Tx , Tn , and P has been presented in Table 5. 
The results in this table have been also further 
grouped based on the reliable/unreliable stations’ 
data. As shown in this table, the presence in urban 
area compared to the no presence in urban area has 
had an increasing effect on the average of trend mag-
nitudes of all three climate variables Tx and Tn and a 
less decreasing effect on P under both reliable and 
unreliable stations’ data. Therefore, in the following, 
we discuss on the results obtained from the reliable 
data. Moving from the stations located outside the 

urban area to those inside the urban area increased 
the average of trend magnitudes for Tx from 0.010 to 
0.015 ◦C per year, for Tn from 0.013 to 0.042°◦C per 
year, and for P from − 0.941 to − 0.769 mm per year.

Table 5 also shows that, considering the areas under 
development of urbanization, the minimum temperature 
heating rate was higher than that of the maximum tem-
perature (Alizadeh-Choobari & Najafi, 2017; Ghasemi, 
2015). The faster increase in the minimum temperature 
is attributed to the blocking of outgoing long-wave radia-
tion, and the lower increase in the maximum temperature 

Fig. 5  Displaying the 5% significant breakpoints detected by the Pettitt test and the metadata’s change points for a maximum tem-
perature, b minimum temperature, and c precipitation across the stations of interest
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is related to the reduction of incoming short-wave radia-
tion to the Earth’s surface due to urban air pollution. As 
a result, the diurnal temperature range in urban areas is 
decreasing (Alizadeh-Choobari & Najafi, 2017).

As shown in Table  5, the precipitation in urban 
areas has been decreased to a lesser rate than in 
non-urban ones. It means that amount of precipita-
tion in urban stations is greater than non-urban ones 

Table 3  The two-sample t-test for comparison of means of the 
annual mean maximum ( T

x
 ) and minimum ( T

n
 ) air temperature 

and precipitation ( P ) data before and after the first documented 

change. (Note: df and p-value indicate the degree of freedom 
and the significance level of the test)

Station Change point in 
metadata

T
x

T
n

P

t-test df p value t-test df p value t-test df p value

Abadan 1992 − 7.6 42.3 0.000 −4.2 42.6 0.000 0.3 51.6 0.793
Ahwaz 1985 −12.1 51.9 0.000 −2.0 51.5 0.050 0.6 50.1 0.580
Arak No change
Babolsar No change
Bam 1984 −9.3 51.3 0.000 −2.1 44.1 0.043 1.1 44.4 0.278
Bandar Abbas 2007 −1.7 29.3 0.091 −1.3 11.0 0.232 1.4 11.0 0.183
Bandar Anzali No change
Bandar Lengeh No change
Birjand 2010 −0.1 6.1 0.925 −0.9 4.7 0.417 3.1 6.4 0.020
Bushehr No change
Esfahan 1994 0.0 44.7 0.983 −6.4 46.8 0.000 −1.9 37.3 0.065
Gazvin No change
Gorgan 2006 1.1 15.1 0.300 −3.4 13.8 0.004 2.4 9.6 0.038
Iranshahr 1983 −6.8 38.0 0.000 3.0 38.8 0.004 1.3 37.6 0.206
Kashan No change
Kerman 2001 −9.2 38.6 0.000 −6.2 32.7 0.000 2.7 33.5 0.010
Kermanshah 1985 −5.8 46.2 0.000 −4.7 52.0 0.000 1.8 41.1 0.084
Khorramabad 1994 0.6 40.7 0.542 −0.7 51.1 0.495 2.2 48.5 0.031
Khoy 1982 −2.7 29.2 0.012 −0.9 36.4 0.373 2.6 40.1 0.011
Mashhad 1986 −12.5 45.2 0.000 −2.5 50.6 0.015 0.7 49.1 0.485
Oroomieh 1973 1.8 12.8 0.093 0.9 13.8 0.388 1.0 14.0 0.328
Ramsar No change
Rasht 2004 −5.5 40.5 0.000 −2.2 20.5 0.042 0.7 14.1 0.516
Sabzevar 2008 −3.0 11.3 0.011 −1.5 8.3 0.161 0.9 7.1 0.384
Saghez 1977 −0.8 31.1 0.421 0.9 24.6 0.359 0.7 24.4 0.502
Sanandaj 1985 −3.5 50.7 0.001 −2.5 37.7 0.017 3.4 43.2 0.001
Semnan 2000 −3.5 44.7 0.001 −3.3 44.0 0.002 0.1 29.7 0.954
Shahrekord 2002 6.6 19.4 0.000 −0.4 31.5 0.666 −0.2 17.7 0.829
Shahroud 2008 −4.9 23.2 0.000 −1.6 9.2 0.151 1.8 8.9 0.103
Shiraz 1999 −3.6 38.6 0.001 −5.1 44.1 0.000 0.7 24.6 0.470
Tabriz 2006 −3.0 15.9 0.008 −4.2 13.1 0.001 2.1 19.0 0.046
Tehran Mehrabad 2007 −4.6 22.9 0.000 −2.5 11.2 0.027 0.7 9.0 0.487
Torbat Heydarieh 1983 −3.5 34.8 0.001 4.5 48.1 0.000 0.8 45.2 0.407
Yazd No change
Zabol 1983 −3.8 40.9 0.000 −1.3 42.7 0.184 0.8 43.3 0.425
Zahedan 1986 −5.4 46.4 0.000 −1.7 52.0 0.093 1.0 51.3 0.311
Zanjan 1983 0.3 40.5 0.800 0.5 46.7 0.624 1.4 36.1 0.171
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(Rahimpour Golroudbary et  al., 2018). Three causa-
tives factors including urban heat island, higher aero-
sol concentration, and large surface roughness have 
been expressed in literatures for explaining the urban 

impacts on precipitation (Han et al., 2014). The first 
two factors in the presence of enough air moisture 
increase precipitation and the latter through disrupt-
ing or bifurcating precipitating convective systems 

Table 4  The Mann–Kendall (MK) statistics, their correspond-
ing p-values, and the Sen’s slope (SS) estimators for annual 
mean maximum ( T

x
 ) and minimum ( T

n
 ) air temperature and 

precipitation ( P ) data at the stations of interest. The cells with 
grey/white color indicate the reliable (homogeneous)/unreli-
able (inhomogeneous) data

a The stations without any recorded change in their metadata

Station T
x

T
n

P

MK p value SS (°C/year) MK p value SS (°C/year) MK p value SS (mm/year)

Abadan 4.33 0.00 0.03 5.35 0.00 0.04 0.00 1.00 0.00
Ahwaz 3.25 0.00 0.02 7.63 0.00 0.08 −1.07 0.28 −0.63
Araka 0.56 0.58 0.01 1.07 0.29 0.01 −2.36 0.02 −2.08
Babolsara 3.55 0.00 0.06 3.85 0.00 0.06 −0.75 0.45 −1.81
Bam 3.42 0.00 0.03 7.32 0.00 0.06 −0.84 0.40 −0.22
Bandar Abbas 0.61 0.54 0.00 0.84 0.40 0.01 −0.15 0.88 −0.22
Bandar  Anzalia −1.32 0.19 −0.01 6.18 0.00 0.05 −0.54 0.59 −1.54
Bandar  Lengeha 1.26 0.21 0.01 7.07 0.00 0.06 −0.91 0.36 −0.80
Birjand −0.06 0.95 0.00 −0.09 0.93 0.00 −1.37 0.17 −0.69
Bushehra 2.61 0.01 0.02 7.82 0.00 0.05 0.40 0.69 0.35
Esfahan 4.39 0.00 0.03 2.91 0.00 0.02 2.33 0.02 0.99
Gazvina 1.23 0.22 0.01 1.61 0.11 0.02 0.40 0.69 0.35
Gorgan 1.91 0.06 0.02 −0.15 0.88 0.00 −3.28 0.00 −3.58
Iranshahr −1.06 0.29 −0.01 6.79 0.00 0.05 −0.76 0.45 −0.37
Kashana 0.49 0.62 0.01 1.40 0.16 0.01 −0.56 0.58 −0.31
Kerman 4.14 0.00 0.03 6.06 0.00 0.05 −1.69 0.09 −0.62
Kermanshah 4.40 0.00 0.04 6.13 0.00 0.05 −2.45 0.01 −2.50
Khorramabad −0.69 0.49 −0.01 −2.93 0.00 −0.04 −2.36 0.02 −2.72
Khoy 2.63 0.01 0.03 4.41 0.00 0.05 −2.31 0.02 −1.63
Mashhad 3.25 0.00 0.03 6.98 0.00 0.09 −0.34 0.73 −0.26
Oroomieh 2.54 0.01 0.03 0.94 0.35 0.01 −1.21 0.23 −0.93
Ramsara 1.77 0.08 0.01 6.06 0.00 0.05 −0.66 0.51 −1.95
Rasht 1.01 0.31 0.01 6.30 0.00 0.04 −0.39 0.70 −0.75
Sabzevar 3.29 0.00 0.03 6.00 0.00 0.07 0.61 0.54 0.37
Saghez −0.87 0.39 −0.01 −0.51 0.61 0.00 −1.92 0.05 −1.95
Sanandaj 5.10 0.00 0.05 2.57 0.01 0.03 −3.49 0.00 −3.27
Semnan 1.29 0.20 0.01 4.76 0.00 0.04 0.37 0.71 0.20
Shahrekord −0.96 0.34 −0.01 −4.42 0.00 −0.04 −0.33 0.74 −0.25
Shahroud 1.10 0.27 0.01 6.60 0.00 0.07 −0.56 0.58 −0.27
Shiraz 3.39 0.00 0.02 5.28 0.00 0.06 0.06 0.95 0.10
Tabriz 4.30 0.00 0.04 4.92 0.00 0.04 −3.27 0.00 −2.30
Tehran Mehrabad 3.30 0.00 0.02 7.10 0.00 0.06 0.72 0.47 0.51
Torbat Heydarieh −2.54 0.01 −0.02 4.57 0.00 0.03 − 0.45 0.65 −0.31
Yazda 4.26 0.00 0.03 7.01 0.00 0.07 − 0.16 0.87 −0.04
Zabol 2.90 0.00 0.03 5.38 0.00 0.03 − 1.36 0.17 −0.40
Zahedan 2.51 0.01 0.02 5.79 0.00 0.04 −1.30 0.19 −0.44
Zanjan 0.93 0.35 0.01 2.12 0.03 0.01 −1.19 0.24 −0.90
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formed outside cities while passing over the cities 
may increase or decrease the urban precipitation (Han 
et al., 2014).

Conclusion

In this study, three annual climate data series from 
37 Iranian weather stations were explored to detect 
probable abrupt and gradual shifts using a variety of 
statistical methods. A methodology was proposed to 
verify the results obtained from statistical methods 
using the stations history metadata. The key findings 
of this study are as follows:

• The most probable breakpoints (MPBs) detected 
by the statistical methods mainly differed from the 
change points recorded in the stations metadata. 
Such dissimilarities might be due to a climatic or 
unrecorded non-climatic change that had an effect 
on climate elements stronger than the effect of the 
recorded change (s) in metadata.

Fig. 6  Comparison of the Mann–Kendall statistic (a‒c) and 
Sen’s slope (e, f) between the reliable and unreliable stations’ 
data for a and d maximum temperature, b and e minimum tem-

perature, and c and f precipitation. The dotted lines display the 
95% confidence interval

Table 5  Effect of the stations’ presence/no presence in urban 
area on the trend magnitudes of the climate variables (maxi-
mum ( T

x
 ) and minimum ( T

n
 ) air temperature and precipitation 

( P)), with further grouping into the reliable/unreliable stations’ 
data

Station’s 
data

Presence in 
urban area

Average Sen’s slope for

T
x
 (°C/year) T

n
 (°C/year) P (mm/

year)

Reliable No 0.010 0.013 -0.941
Reliable Yes 0.015 0.042 -0.769
Unreliable No 0.007 0.020 -2.323
Unreliable Yes 0.028 0.056 -1.840
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• The two-sample t-test showed that the changes 
recorded in the stations metadata significantly 
affected the means of the three climate variables 
used in this study.
• There were substantial differences between the 
results of trend analysis based on the unreliable 
and reliable data of the climate variables used in 
this study. This issue was more critical for maxi-
mum temperature and precipitation than mini-
mum temperature. Therefore, researchers must be 
cautious when interpreting the results of the trend 
analysis, because both magnitude and orientation 
of trend may be remarkably affected by the histor-
ical changes occurred in the station environment.
• Effect of the urban areas on minimum tem-
perature was considerably larger than that on 
maximum temperature. In addition, the average 
of trend magnitudes of precipitation was higher 
for the urban areas than the non-urban ones, 
though both mentioned areas mainly experienced 
decreasing trends in precipitation.

This study attempted to state the issues of three 
widely used climate variables in 37 popular weather 
stations with longest records across the country. It 
suggests to researchers to employ with caution a 
homogeneous length of series or carefully homoge-
nize data before using them in any applications, espe-
cially in climate change impact assessments, due to 
much non-climatic factors that have unhomogenized 
the climate data measured in Iran. 

Funding The authors would like to thank the Iran National 
Science Foundation (INSF) for funding this research under 
Grant Number 96010915.
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