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ABSTRACT:
The present research attempted to analyze the trend of elements such as
mean, maximum and minimum annual temperature, based on daily data using
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nonparametric Mann-Kendall method from the perspective of some meteorological
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elements, specifically temperature variable. The dried trees were observed using
Conservation and Watershed sequential Mann- Kendall methods and cumulative sum and change point analysis.
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For this purpose, daily temperature data of synoptic meteorological stations at Oak
Department, Kermanshah
drying areas, including Kermanshah, Islamabad Gharb, Sarpolzahab, Ilam, Dehloran
Agricultural and Natural
and Khorramabad with different statistical period according to history of their
Resources Research and
establishment were used. Station statistical data was evaluated in terms of quality
Education Center,
and accuracy. The data were also examined in terms of the presence of outlier data,
AREEO, City, Iran.
normality, and hemogeneity. Finally, a database proportional to the aim of the project
was created. The findings indicated that station data were both identical and different
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from each other in terms of time variation trend. In this context, elements of
Ramin Beedel
temperate had a positive and significant trend at 5% level at annual scale in
Kermanshah and Khorramabad stations (from the time of displacement so far).
However, other stations had somewhat complied with these conditions especially in
maximum and minimum temperature. The Khorramabad station before displacement
showed the least evidence on time variation trend. Such trends in this region may be
due to geographical factors rather than climatic factors. Displacement of stations
should also be considered in data analysis. This issue changed the results obtained in
Khorramabad station. A negative trend was observed in elements of this station when
displacement of station was not considered in data analysis. However, a positive
trend was observed in elements of this station when displacement of station was
considered in data analysis, which is considerably important. Time of changes in
meteorological data was also analyzed in the station. The change point analysis
results showed that all stations data behaviour was mostly changed in 1998 and
frequency of droughts increased in this year, which is not consistent with the time
that first dried trees were observed (from 2008 to 2010).
Keywords:
Change point, Cumulative sum, Kermanshah, Mean temperature, Oak
dieback, Trend analysis.

Email ID:

Article Citation:
Ramin Beedel
Trend and change point analysis of temperature in west of Iran
Journal of Research in Ecology (2017) 5(2): 1113-1140
Dates:
Received: 10 July 2017

Web Address:
http://ecologyresearch.info/
documents/EC0447.pdf

Journal of Research
in Ecology
An International
Scientific Research Journal

Accepted: 09 Sep 2017

Published: 20 Sep 2017

This article is governed by the Creative Commons Attribution License (http://creativecommons.org/
licenses/by/4.0), which gives permission for unrestricted use, non-commercial, distribution and
reproduction in all medium, provided the original work is properly cited.

1113-1140| JRE | 2017 | Vol 5 | No 2

www.ecologyresearch.info

Beedel, 2017
INTRODUCTION

ture is significantly associated with reducing the fre-

Vegetation including forest or grassland has

quency of very cold nights. Turkes et al. (1995) during

numerous advantages which include the protection of

their study analyzed the trend of average, maximum and

soil against erosion in the face of direct effect of

minimum changes in temperature during 70 years from

raindrops as the most important trait in soil conserva-

1929 to 1999 in Turkey. Using Mann- Kendall method

tion. Of course other benefits such as wood and forage

and average movement conducted the study of the in-

production, tourism and environmental issues are sub-

tended parameters within four seasons and after platting

stantial as well. But the most important thing away from

the diagrams u and u' determined the start time of the

the industrial - trade issues is the discussions plant mass

process. Yue and Hashino (2003) analyzed the tempera-

as an active and vital ecological system related to the

ture trend in Japan during the period 1900-1996 using

environment and its role in saving animals’ food chain.

Mann- Kendall method and considering serial correla-

Therefore, in relation to the Zagros forests in West of

tion in three areas of Hokkaido, Sea of Japan and the

Iran, the destruction of the most important element in

Pacific Ocean on the long-term annual, quarterly and

the ecological system, i.e. oak trees, initially leads to the

monthly averages. Kahaya and Kalayci (2004) to deter-

breakage of food chain and the loss of ecological nests

mine the monthly river flow trend in 31 stations in Tur-

and its negative effects will appear in various aspects of

key was used four trend test consist of Mann- Kendall,

human life. The present study analyzes temperature at

Sen’s T, Spearman’s Rho and seasonal Kendall.

weather stations around the dry sectors of Oak trees in

Hundecha and Bardossy (2005) in a study in Rhine Ba-

Kermanshah Province; a part of the history of similar

sin in the period 1958-200 analyzed daily precipitation

activities is reviewed below. Sen (1968) based on

and temperature using non parametric Kendall- Tau

Kendall rank correlation calculates the Beta gradient

method. Partal and Kahya (2006) analyzed data from

estimator of regression method by using the pair point.

the long-term mean annual precipitation trend on the

Aesawy and Hassanean (1997) studied the sur-

monthly total precipitation at 96 stations during 1993-

face temperature variations at six stations in Morocco,

1929 at Turkey using Mann-Kendall and Sen's estimator

Algiers, Amman, Tripoli, Alexandria and Beirut. By

statistics. Deka et al. (2009) examined the trends and

analyzing the annual temperature time series it was de-

fluctuations in temperature regime in Northeast India

termined that a change has occurred in the values of

during1901- 2003. In this study using Mann-Kendall

these parameters due to climate change at all stations

rank method average moving, long-term linear trend

except Tripoli. Brunetti et al. (2000) studied daily max-

was analyzed and short-term fluctuations were per-

imum and minimum temperatures and daily temperature

formed by Cramer test. Martinez et al. (2010) addressed

range during the period of 1996-1865. While using the

the maximum and minimum daily temperature range

average temperature time series, they found that average

using data from 37 stations from 1975 until 2004 in

monthly minimum and maximum temperatures have a

Catalonia at Northeast Spain based on an annual scale.

positive trend along the whole statistic period and it is

Albuhairi (2010) in his research during 1979-2006 using

more apparent in southern Italy than its north. Salinger

non-parametric method (Mann-Kendall) analyzed the

and Griffiths (2001) analyzed daily temperature and

change trend of annual, quarterly and monthly average

precipitation indices within 1951-1998 in New Zealand.

of surface temperature in the city of Taiz, Yemen.

The results showed that there was no significant trend in

Olofintove and Soul (2010) studied the effect of global

the maximum temperature but the minimum tempera-

warming on rainfall and temperature in the Niger Delta
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Table 1. General specifications of the stations
Station
Kermanshah
Islamabad Gharb
Sarpolzahab
Ilam
Dehloran
Khorramabad

Longitude
47. 15
46.28

Latitude
34. 35
34.07

Altitude (m)
1318. 6
1348. 8

Data period

45. 87
46. 43
47.16
48. 27

34. 45
33. 63
32.41
33. 43

545
1337
232
1147. 8

1986 - 2010
1986 - 2010
1987 - 2010
1960 - 2010

1960 - 2010
1987 - 2010

Source: IRIMO (2016)
in Nigeria. They used Mann-Kendall and Sen Slope

method. Robaa and Barazanji (2013) determined the

statistics non-parametric methods. Shadmani et al.

annual average temperature in Iraq, using 11 stations

(2012) using Mann-Kendall and Spearman methods

and RH software they analyzed homogeneity of time

analyzed evapotranspiration trend in arid regions of

series and then determined slope and the temperature

Iran. They used the data provided by 11 stations in a

trend using Mann-Kendall and Sen Methods. Some’e et

period of 40 years from1965 to 2005 based on annual,

al. (2013) analyzed the place-time trend of drought in-

quarterly and monthly scale. Yazdani et al. (2011) iden-

dex in arid and semi-arid areas of Iran within 1966-

tified annual and seasonal precipitation and temperature

2005. Using Mann-Kendall and slope estimate Sen

trends in Zayanderud river basin using the data provided

Methods, they found that 55% of the stations have nega-

by seven stations during 1966-2005 and non-parametric

tive trends in the index of annual drought. Du et al.

methods of Mann-Kendall and Mann- Whitney and

(2013) studied minimum and maximum temperature

Spearman. Talaee et al. (2012) analyzed changes in the

limiting values characteristics in northeast China in

parameters of relative humidity, dew point temperature

1961-2009. Their results showed that 58% of the sta-

in coastal regions of Iran during the years 1966-2005

tions have a negative trend in terms of 10 year period

based on linear regression and Mann-Kendall nonpara-

and within the minimum temperature and at 93% of the

metric methods. Zahid and Rasul (2012) addressed

stations a positive trend is observed in annual maximum

changes in temperature limiting values in Pakistan dur-

values. Bisai et al. (2014) studied the long-term trends

ing the period 1961- 2009. The purpose of their study

in temperature within 1941- 2010 at West Bengal, India.

was to calculate frequency and intensity of heat waves

Using cumulative diagram and Bootstrap test, they iden-

in South Asia, in particular Pakistan and to identify are-

tified significant parts change on the time series includ-

as that are more vulnerable to heat waves. Karaburun et

ing average annual temperature and mean minimum and

al. (2012) analyzed mean, maximum mean and mini-

maximums. Fathian et al. (2014) in a study identified

mum annual, quarterly and monthly temperatures at 32

the trend of climate variables in Lake Urmia. They used

stations in Marmara region of Turkey in the course of

three non-parametric methods of Spearman, Sen and

1975- 2006. Bednorz and Kolendowicz (2013) studied

Mann-Kendall to determine annual and seasonal precip-

the limiting values in daily temperature in central Spits-

itation, temperature and river flow time series.

bergen for the period1975-2010. They used daily statis-

Research hypotheses are as follows:

tics pattern of air pressure and wind direction in relation

1) Changes and fluctuations of temperature coincided

to the time of use and analyzed positive and negative

with the occurrence of oak necrosis

values of mean daily temperature in summer using BMI

2) Temperature irregularities and droughts had a main

Journal of Research in Ecology (2017) 5(2): 1113–1140
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Creating databases
After obtaining the daily average, minimum and
maximum temperature statistics, a database was built in
the Excel software.
Qualitative analysis of data
Here normality, homogeneity and outliers are
discussed. Being aware of normality of the data can be
effective in determining the characteristics of variables
under study and familiarity with their characteristics.
Here the methods of Shapiro et al. (1968), Anderson
and Darling (1954), Lilliefors (1967) and Jarque and
Bera (1987) were used for this purpose. Data heterogeFigure 1. Location of selected stations in Iran
role in necrosis phenomena.

neity reflects changes in data sources or data recording
surrounding conditions. Here the data of three elements

The aim of this study was to evaluate the chang-

of temperature were analyzed using annual scale and the

es in temperature (temperature fluctuations) in Oak die-

following methods: 1) Pettitt's method (Pettitt, 1979)

back at Kermanshah province using daily datum, includ-

2) Standard Normal Homogeneity (Alexandersson,

ing average, minimum and maximum temperature of six

1986), 3) Buishand's method (Buishand, 1982) and

stations in the surrounding dried areas as shown in

4) Von Neumann's method (Neumann, 1941).

Figure 1 including Kermanshah, Islamabad Gharb, Sar-

The presence of outliers in time series leads to

polzahab, Ilam, Dehloran and Khorramabad to find pos-

the tendency of some cases to it and creates calculation

sible synchronization of change points and temperature

error in determining statistical parameters such as mean

change since the beginning of this phenomenon.

and variance and here three methods of Grubbs
(Grubbs, 1969), Dixon (Dixon, 1950) and z-score were

MATERIAL AND METHODS

used.

Material

Trend Analysis

In this study, variable elements of temperature

The trend of analyzing changes in values of the

including average dry temperature, minimum and maxi-

time series data over time using statistical methods to

mum daily temperature at six synoptic stations includ-

determined their systematic tendency and rejecting any

ing Kermanshah, Islamabad Gharb, Sarpolzahab, Ilam,

random events in the direction of the data are called

Dehloran and Khorramabad with different statistical

trend analysis. In this research, Mann-Kendall method

period because of their establishment record were se-

was used to analyze temporal trends of temperature ele-

lected and used based on Table 1 as input for the calcu-

ments.

lation and analysis of the process.

Mann-Kendall methods

Method

Mann-Kendall nonparametric method is used

According to the methodology, the calculation

for identifying the time series used in the trend in time

involves two steps: 1) creating database and qualitative

series; this test compared the relative value of datum

evaluation 2) Analysis of the data that are discussed as

instead of the original values (Gilbert, 1987). Each val-

follows

ue of the ordered datum in time series is compared with

1116
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Table 2 ( a-h). Results of Mann-Kendall trend analysis for all stations
(a) - Kermanshah

( b) - Islamabadghrab

Two tailed Mann-Kendall test

Two tailed Mann-Kendall test

Annual mean temperature
Kendall's tau
0.439
S
509.000
Var (S)
13413.000
p-value (Two-tailed)
< 0.0001
alpha
0.05
Two tailed Mann-Kendall test
Annual mean maximum temperature
Kendall's tau
0.327
S
380.000
Var (S)
13428.000
p-value (Two-tailed)
0.001
alpha
0.05
Two tailed Mann-Kendall test

Annual mean temperature
Kendall's tau
-0.124
S
-31.000
Var (S)
1427.000
p-value (Two-tailed)
0.427
alpha
0.05
Two tailed Mann-Kendall test

Annual mean minimum temperature
Kendall's tau
0.566
S
655.000
Var (S)
13404.333

Annual mean minimum temperature
Kendall's tau
0.302
S
75.000
Var (S)
1422.333
p-value (Two-tailed)
0.050
alpha
0.05

p-value (Two-tailed)
alpha

< 0.0001
0.05

(c) - Sarpolzahab

Annual mean maximum temperature
Kendall's tau
0.353
S
88.000
Var (S)
1426.667
p-value (Two-tailed)
0.021
alpha
0.05
Two tailed Mann-Kendall test

(d) - Ilam

Two tailed Mann-Kendall test

Two tailed Mann-Kendall test

Annual mean temperature
Kendall's tau
-0.122
S
-33.000
Var (S)
1611.667
p-value (Two-tailed)
0.425

Annual mean temperature
Kendall's tau
-0.239
S
-65.000
Var (S)
1615.000

alpha

0.05

Two tailed Mann-Kendall test
Annual mean maximum temperature
Kendall's tau
0.503
S
137.000
Var (S)
1618.333
p-value (Two-tailed)
0.001
alpha
0.05
Two tailed Mann-Kendall test
Annual mean minimum temperature
Kendall's tau
0.503
S
137.000
Var (S)
1617.667
p-value (Two-tailed)
0.001
alpha
0.05
Journal of Research in Ecology (2017) 5(2): 1113–1140

p-value (Two-tailed)
0.111
alpha
0.05
Two tailed Mann-Kendall test
Annual mean maximum temperature
Kendall's tau
0.427
S
116.000
Var (S)
1616.667
p-value (Two-tailed)
0.004
alpha
0.05
Two tailed Mann-Kendall test
Annual mean minimum temperature
Kendall's tau
-0.190
S
-52.000
Var (S)
1621.333
p-value (Two-tailed)
0.205
alpha
0.05
1117
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(e) - Dehloran
Two tailed Mann-Kendall test
Annual mean temperature
Kendall's tau
0.020
S
5.000
Var (S)
1427.667
p-value (Two-tailed)
0.916
alpha
0.05
Two tailed Mann-Kendall test
Annual mean maximum temperature
Kendall's tau
0.467
S
116.000
Var (S)
1424.000
p-value (Two-tailed)
0.002
alpha
0.05
Two tailed Mann-Kendall test
Annual mean minimum temperature
Kendall's tau
0.348
S
86.000
Var (S)
1421.333
p-value (Two-tailed)
0.024
alpha
0.05

(g) - Khorramabad (1961-1979) Befor Relocation
Two tailed Mann-Kendall test
Annual mean temperature
Kendall's tau
-0.036
S
-6.000
Var (S)
812.000
p-value (Two-tailed)
0.861
alpha
0.05
Two tailed Mann-Kendall test
Annual mean maximum temperature
Kendall's tau
-0.270
S
-45.000
Var (S)
807.667
p-value (Two-tailed)
0.122
alpha
0.05
Two tailed Mann-Kendall test
Annual mean minimum temperature
Kendall's tau
-0.244
S
-41.000
Var (S)
810.333
p-value (Two-tailed)
0.160
alpha
0.05
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(f) - Khorramabad (1961-2010)
Two tailed Mann-Kendall test
Annual mean temperature
Kendall's tau
-0.259
S
-302.000
Var (S)
13426.667
p-value (Two-tailed)
0.009
alpha
0.05
Two tailed Mann-Kendall test
Annual mean maximum temperature
Kendall's tau
-0.136
S
-158.000
Var (S)
13418.000
p-value (Two-tailed)
0.175
alpha
0.05
Two tailed Mann-Kendall test
Annual mean minimum temperature
Kendall's tau
-0.296
S
-344.000
Var (S)
13429.333
p-value (Two-tailed)
0.003
Alpha
0.05

(h) - Khorramabad (1980-2010). after Relocation
Two tailed Mann-Kendall test
Annual mean temperature
Kendall's tau
0.591
S
253.000
Var (S)
3124.333
p-value (Two-tailed)
< 0.0001
alpha
0.05
Two tailed Mann-Kendall test
Annual mean maximum temperature
Kendall's tau
0.367
S
158.000
Var (S)
3132.667
p-value (Two-tailed)
0.005
alpha
0.05
Two tailed Mann-Kendall test
Annual mean minimum temperature
Kendall's tau
0.591
S
253.000
Var (S)
3124.333
p-value (Two-tailed)
< 0.0001
alpha
0.05
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the values after it and according to the following de-

In this section, identifying the change points

scribed relations, Mann-Kendall statistic is calculated

were performed in several ways, including analyzing the

(Mann, 1945).

change points along with CUSUM sequential MannKendall method.
The combined method of CUSUM and analysis of
change points
In this method, the time series data as the formula descriptions are presented were calculated and

where, Xi ,Xj =ranked data; sgn = sign; S = Mann-

then the CUSUM was plotted, on this chart, the points

Kendall statistics

that represent a significant fracture or leap will be ob-

A normal approximation test used for time series data of than 10 datum which may include repeated

served by the change of direction created in continuous
points of time series.

numbers is calculated as follows (Kendall, 1975).

If we have a time series with ‘n’ values (x 1, x 2,
... x n) the CUSUM is obtained as follows by calculating
the mean data and statistic ‘si’ (Taylor, 2000).
X = x1+x2+ …xn / n
si = si-1 + (xi – X) for i = 1,2, … n.
Drawing ‘si’ values during the period, the men-

where, Var (S) =variance of statistics Mann-Kendall; n

tioned chart results through analysis of which it is possi-

= Total data; tp= number of tied groups; ZMK = stand-

ble to identify the points of change.

ardized statistics of Mann-Kendall

Sequential Mann Kendall method

The test statistic value of zero means the lack of

This method is also known as rank or serial cor-

trend, -1 means negative trend and +1 means increasing

relation and it is used to determine the trend and deter-

trend.

mine the start time of the trend (Sneyers, 1990). In a

Change points analysis

time series with ‘n’ datum each element is compared

In the study of time series of a variable datum in

with the previous one under the condition yi> y j and i> j

which the presence of trend is proved, usually knowing

then the t-statistic is obtained as follows (Aesawy,

that when the variable has changed behavior is im-

1990).

portant. Undoubtedly, the factors causing the change or
fracture could be related to weather conditions or human
intervention in their environment, such as large-scale
urban construction, vegetation, creating large water areas by making dams and large-scale land use changes.
Even moving and changing weather station and measuring equipment can be considered as the factors creating
trend. Changing weather station and measuring equip-

where, t = Test Statistics; n = Total Data; E (t) = Expec-

ment are the simplest option the role of which can be

tation; Var (t) =Variance

understood with a little search while environmental and
climatic factors need accurate study and monitoring.
Journal of Research in Ecology (2017) 5(2): 1113–1140
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(a)

(b)

(c)

(d)

(e)

(f)
Figure 2(a – f) - Graph of annual mean temperature variation and Sen's estimator line

tions from the end of the time series ‘u'(t)’ is obtained

mum- maximum) in annual time scale was analyzed by

and the intersection of these two values on the time se-

Hamed and Rao (1998) method and if necessary data

ries chart indicates the start of trend.

were corrected and then entered into the calculations.
The results of this test for all stations are pre-

RESULTS

sented in Table 2 (a-h) and the final judgment is made

Trend Analysis

based on the ‘p’ and alpha for testing the null hypothe-

Here the results of Mann-Kendall method are

sis based on the absence the trend. In Kermanshah sta-

presented in the order of each station. Serial correlation

tion based on the mentioned criteria, temperature ele-

of time series of temperature elements (average- mini-

ments have trend while in Islamabad Gharb station the

1120
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Kermanshah

CUSUM

CUSUM

Islamabad Gharb

(a)

(b)
Data period

Data period

Sarpol Zahab

CUSUM

CUSUM

Ilam

(d)

(c)

Data period

Data period
Dehloran

CUSUM

CUSUM

Khorramabad

(e)

(f)
Data period

Data period

CUSUM

Khorramabad

(g)
Data period

Figure 3 (a – g). Results of CUSUM method on annual mean temperature (ºC)
lack of trend for annual average temperature and confir-

based on lack of trend is rejected. The analysis of time

mation of increasing maximum and minimum tempera-

series of annual data at Dehloran station indicated the

ture is observed. The analysis of annual time series of

existence of significant increasing trend in maximum

Sarpolzahab station indicated that the element of aver-

and

age annual temperature has no trend and the existence

Khorramabad station with complete statistic period

of maximum and minimum elements of trend are con-

(1961-2010) indicating the existence of decreasing trend

firmed. At Ilam station the presence of maximum tem-

in annual average and minimum elements of tempera-

perature is confirmed at 5% and its null hypothesis

ture. The results of this station is not consistent with the

Journal of Research in Ecology (2017) 5(2): 1113–1140
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a

b

c

d

e

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Figure 4 (a-e). Results of change point analysis method on annual mean temperature (°C)

1122
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Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

f

Figure 4 (f). Results of change point analysis method on annual mean temperature (°C)

(a)

(b)

(c)

(d)

(e)

(f)
Figure 5 (a –f). Graph of annual mean maximum temperature variation and Sen's estimator line

results of the other stations and has a significant differ-

made clear that Khorramabad station was replaced in

ence with them because annual changes charts of time

1979. Therefore, it was decided to perform trend analy-

series in Figure 2 also show a change in behavior and

sis in two time series of 1961-1979 and 1980-2010

breakage. Based on the conducted evaluation, it was

based on the annual scale. The results of Mann-Kendall

Journal of Research in Ecology (2017) 5(2): 1113–1140
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 6 ( a –f ). Graph of annual mean minimum temperature variation and Sen's estimator line
test for annual temperatures of the first group indicated

ence does not mean that replacing the station has led to

the lack of significant trend in this series, and in the

the change of climate system but the geographical con-

second group including 1980-2010, the results of the

ditions have changed so that data values have been un-

analysis indicated the significance of positive trend at

der new conditions, therefore in the discussion of the

5% level.

obtained results at each station, it is necessary to consid-

By dividing the time series of Khorramabad

er its record based on displacement and change of tools.

station into two time groups, it became clear that the

It should be noted that any movement would not lead to

first group lacked any significant trend and in contrast,

change of data value but it is necessary to observe data

the second group at the time related to the new place,

through the charts and then to take the necessary action.

had a positive significant trend. However, this differ1124
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Year

Year

(a) Kermanshah
Annual maximum temperature (ºC)

Annual maximum temperature (ºC)

(b) Islamabad Gharb

Year

Year

(c) Sarpolzahab
Annual maximum temperature (ºC)

Annual maximum temperature (ºC)

(d) Ilam

Year

(e) Dehloran

(f) Khorramabad
Annual maximum temperature (ºC)

Year

Year

(g) Khorramabad (1980-2009)
Figure 7 (a-g). Results of Mann - Kendall sequential method on annual mean temperature (°C)
Figures 2 (a – f) to 4 (a – f) show the average, maximum

tion of the data based on an increasing or decreasing,

and minimum annual temperatures of the stations during

their zero hypothesis is rejected. In other words, the

the period under study and these changes are along the

variable values recorded during the period relative to

estimation equation and line obtained by Sen (1968)

each other and with the requirements of Mann- Kendall

method.

have conditions that indicate the tendency of the data in

Analyses of change points

positive or negative direction and indicate the fact that

Time series that during the in the calculation

behavior of a time series has changed for any reason and

stages of trend analysis indicated the significant direc-

it is in a way that rejects the random possibility of this

Journal of Research in Ecology (2017) 5(2): 1113–1140
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Year

Year

(b) Islamabad Gharb
Annual maximum temperature (ºC)

Annual maximum temperature (ºC)

(a) Kermanshah

Year

(c) Sarpolzahab

(d) Ilam

Annual maximum temperature (ºC)

Annual maximum temperature (ºC)

Year

Year

Year

(e) Dehloran
Annual maximum temperature (ºC)

(f) Khorramabad

Year

(g) Khorramabad (1980-2009)
Figure 8 (a – g). Results of Mann-Kendall sequential method on annual mean maximum temperature
change. Confirming the existence of trend in statistic

rank correlation and analysis of points combined with

period does not reject fluctuations but it obviously indi-

CUSUM the discussion of which is presented in meth-

cated change in numerical bases of the considered varia-

odology , the annual data of research stations were ana-

ble. At this point using the methods Mann-Kendall of

lyzed so that while confirming the previous calculations,
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Year

Year

(a) Kermanshah
Annual maximum temperature (ºC)

Annual maximum temperature (ºC)

(b) Islamabad Gharb

Year

Year

(c) Sarpolzahab
Annual maximum temperature (ºC)

Annual maximum temperature (ºC)

(d) Ilam

Year

Year

(f) Khorramabad

Annual maximum temperature (ºC)

(e) Dehloran

Year

(g) Khorramabad (1980-2009)
Figure 9 (a-g). Results of Mann– Kendall sequential method on annual mean minimum temperature
it would present the start of these changes as charts and

dicate that the curves in Kermanshah station have a

tables. Below the results of conducted calculations using

crossing point in1994 and then they have continues in

these methods are presented for all stations based on

opposite directions which indicates the existence of

temperature elements.

trend in the time series of the element and is also likely

The results of the application of Mann-Kendall

that 1994 is considered as the starting point of the trend.

sequential method on annual average temperature and

At Islamabad, Gharb station due to uniform closeness

the curves related to u and u' given in Figure 5 (a-f) in-

of the main chart the existence of trend is rejected and

Journal of Research in Ecology (2017) 5(2): 1113–1140

1127

Beedel, 2017
Kermanshah

CUSUM

CUSUM

Islamabad Gharb

(a)

(b)
Data period

Data period

Sarpol Zahab

CUSUM

CUSUM

Ilam

(c)

(d)
Data period

Data period
Khorramabad

CUSUM

CUSUM

Dehloran

(e)

(f)
Data period

Data period

CUSUM

Khorramabad

(g)
Data period

Figure 10 (a-g). Results of CUSUM method on annual mean maximum temperature
despite numerous crosses of indices and their parallel-

1971 there was a beginning of trend or change of

ism the change point is absent. At Sarpolzohab station

behaviour.

the absence of trend in average annual temperature at

The results related to the period before moving

this stage is confirmed because no cross of notable point

Khorramabad station (1979 - 1961), lacks any trend and

is seen in the chart. Calculations on average annual tem-

change point but the time series of the new site of

perature in Ilam station show no significant trend in the

Khorramabad station (2009 - 1980) is indicative of a

amount of datum. The results obtained from Dehloran

positive trend, and also 1998 is presented as the begin-

station indicate that average annual temperature lacks

ning of the trend.

any significant trend and there is no significant change

The annual average maximum temperature is

point on the related figure. Complete time series of av-

also tested by Mann-Kendall method and the results are

erage annual data in Khorramabad station while con-

provided in Figure 6 ( a –f ) for each station. At

firming the decreasing trend indicate that probably in

Kermanshah station while confirming the existence of
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Kermanshah

CUSUM

CUSUM

Islamabad Gharb

(a)

(b)
Data period

Sarpol Zahab

Ilam

CUSUM

CUSUM

Data period

(c)

(d)
Khorramabad

CUSUM

Data period

Dehloran

CUSUM

Data period

(e)

(f)
Data period

Data period

CUSUM

Khorramabad

(g)
Data period

Figure 11 (a-g). Results of CUSUM method on annual mean minimum temperature
trend of maximum temperature time series, 1994 have

the new time series of this station (1980-2009) increas-

been identified as the beginning of the trend. In Islama-

ing trend is confirmed to begin in 1998.

bad Gharb station the increasing trend of this tempera-

The results of average minimum temperature of

ture element was significant and based on the chart re-

stations by Mann-Kendall method are presented in Fig-

lated to 1998 it is beginning of change. The results asso-

ure 7 (a-g). At Kermanshah station the conditions are

ciated with maximum temperature at Sarpolzohab sta-

similar to average annual and maximum temperature it

tion the existence of increasing trend of temperature was

means that there is increasing trend and 1994 is consid-

confirmed in 1998. Ilam station has an increasing trend

ered as the change point and the start of trend. Perform-

in 2003. At Dehloran Station the study of increasing

ing Mann-Kendall sequential test on time series data of

trend of temperature while confirming the significance,

average annual minimum temperature of Islamabad

the year 2000 is the beginning of the weak trend. At

station indicated significant increasing trend and

Khorramabad station considering the full course of

showed specific year as the start point of trend. At Sar-

study (1961-2009) no significant trend is confirmed. But

polzohab station the existence of increasing trend 2005
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a

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

b

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

c

d

e

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Figure 12 (a – e). Results of change point analysis method on annual mean maximum temperature (ºC)
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f

g

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Figure 12 (f and g). Results of change point analysis method on annual mean maximum temperature (ºC)
a

b

c

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Figure 13(a – c). Results of change point analysis method on annual mean minimum temperature (ºC)
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d

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

e

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

Upper confidence level-95%
Lower confidence level-95%
Annual mean temperature

f

Figure 13(d – f). Results of change point analysis method on annual mean minimum temperature (ºC)
as the beginning of change has been approved. In the

ture of the stations under study using CUSUM led to

results of data related to Ilam station in Mann-Kendall

results with similarities and differences in comparison

sequential presented in Figure 12, no significant differ-

to Mann- Kendall sequential that is discussed based on

ence were observed but in 2003, a breakage is provided

each temperature element. Figure 8 (a-g) shows the

which has not led to a reliable trend. At Dehloran sta-

charts of average annual temperature for each station.

tion the average minimum temperature time series, has

At Kermanshah station the year 1994 is considered as

confirmed the increasing trend of 2008 which is not

the beginning of a change in the behavior of this time

reliable because of being at the end of the time series.

series. At Islamabad Gharb station no significant change

Results

at

is seen in CUSUM which means that the data had no

Khorramabad station within 1961- 2009 while identify-

significant change in the corresponding period. Sarpol-

ing the decreasing trend, introduces 1969 as the initia-

zohab calculations of change point have introduced

tion of this trend but in the period 1980-2009 related to

1991 and 1998 respectively which requires more preci-

the new location of the station, time series has a positive

sion in the breakages. At Ilam station no significant

trend in 1996 at the beginning and start point of the

trend and change point in the value of data exists. Ana-

trend. Analyzing the average data change of time se-

lyzing Dehloran station data indicated a change in 1998

ries, annual average maximum and minimum tempera-

despite the existence of trend in time series. At
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Table 3 (a – g). Results of significant changes for annual mean temperature
a. Kermanshah
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 90%, confidence level for inclusion in table = 90%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1994

(1998, 1995)

100%

14.348

15.781

Level
1

b. Islamabad Gharb
No significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates
estimated average = 14.117391
c. Sarpolzahab
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

Level

1991

(1991, 1991)

100%

21.52

19.557

1

1998

(1996,. 2000)

97%

19.557

20.408

3

d. Ilam
No significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates
estimated average = 17.0625
e. Dehloram
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

Level

1998

(1994, 2005)

96%

26.436

27.075

2

f. Khorramabad
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

Level

1980

(1979, 1980)

100%

18.668

15.883

1

1998

(1996,. 1998)

100%

15.883

20.308

2

g. Khorramabad (1980-2009)
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1998

(1996,. 1998)

100%

15.883

20.308
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Table 4(a – g). Results of significant changes for annual mean maximum temperature
a. Kermanshah
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 90%, confidence level for inclusion in table = 90%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1994

(1989, 1995)

100%

22.352

23.975

Level
1

b. Islamabad Gharb
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1998

(1996, 2000)

99%

61.636

22.842

Level
1

c. Sarpolzahab
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1998

(1998, 1999)

100%

27.358

28.7

Level
1

d. Ilam
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1998

(1997, 1999)

100%

21.8

23.217

Level
1

e. Dehloram
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1998

(1997, 1999)

100%

31.291

32.625

Level
1

f. Khorramabad
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

Level

1979

(1975,1980)

100%

25.772

24.484

3

1998

(1995, 1998)

100%

24.484

25.575

2

g. Khorramabad (1980-2009)
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1998

(1996, 1999)

100%

24.456

25.575
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Table 5(a – g) - Results of significant changes for annual mean minimum temperature
a. Kermanshah
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 90%, confidence level for inclusion in table = 90%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

Level

1977

(1974, 1979)

100%

5.2875

6.3476

1

1998

(1995, 1999)

100%

6.3476

7.3167

2

b. Islamabad Gharb
No significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates
estimated average = 5.1869565
c. Sarpolzahab
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1998

(1996,. 2000)

99%

11.583

12.467

Level
1

d. Ilam
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

2003

(2000, 2003)

100%

11.806

10.043

Level
1

e. Dehloram
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1998

(1995, 2001)

97%

19.673

20.492

Level
1

f. Khorramabad
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

Level

1980

(1980, 1980)

100%

10.468

7.2786

1

1994

(1993, 1995)

100%

7.2786

9

2

g. Khorramabad (1980-2009)
Table of significant changes for annual mean temperature
Confidence level for candidate changes = 95%, confidence level for inclusion in table = 95%, confidence interval = 95%,
bootstraps = 1000, without replacement, CUSUM estimates

Data period

Confidence Interval

Conf. level

From

To

1994

(1993, 1995)

100%

7.2786

9
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Khorramabad

station

during

period

(1961-2009)

period under study. A change point occurred at

CUSUM considers 1980 and 1998 as the change points

Dehloran station in 1998. At Khorramabad station tak-

in time series. However during the relate time series, the

ing into account, the whole period (1961-2009), the

year 1998 is introduced as change point.

years1980 and 1998 have change points and if the peri-

Figure 9 (a-g) presents the time series condition
of stations using CUSUM. CUSUM of annual average

od after station movement (1980-2009) is entered in the
calculations, 1998 is the change point with 100%.

maximum temperature at Kermanshah station is indica-

The results of determining change points with

tive of the change in 1994. At Islamabad Gharb, Sarpol-

analytical method for average maximum temperature

zohab, Ilam and Dehloran Stations the change point of

time series of the stations are presented in Figure 12 and

time series is based on 1998. Khorramabad Station with

Table 4. The charts and tables of Kermanshah station,

period (1961-2009) has two change points 1979 and

have probably introduced 1994 as change point. At Is-

1998 in the order of importance while if we consider

lamabad Gharb, Sarpolzohab, Dehloran and even

time series after moving to a new location (1980-2009)

Khorramabad within the whole period related to the new

as well as other stations change of behavior of data is in

location after movement, 1998 is considered as the

1998 which indicates consistency in the maximum tem-

change point.

perature time series data in the area under study.

The results of the annual average minimum tem-

Analyzing the average annual minimum temper-

perature of stations are presented in Figure 13 (a – g)

ature of stations with CUSUM is shown in Figure 10 (a-

and Table 5 (a – g) and indicate that at Kermanshah

g). Kermanshah station time series showed two change

station the years 1979 and 1998 were identified as times

points in 1977 and 1998 while there is no change in

related to change of data and there is no change point at

time series data at Islamabad Gharb. The data of Sarpol-

Islamabad Gharb. At Sarpolzohab and Ilam stations the

zohab station has a break in 1998 as the beginning of

years 1998 and 2003 were introduced as change points

the trend. At Ilam station with situation totally different

respectively. Dehloran point of change was 1998 and

from the other stations the change in the time series is in

for the period (1961-2009) at Khorramabad station, the

2003. Dehloran station has a point of change in 1998.

years 1980 and 1994 and for the period after movement

Khorramabad station in period (1961-2009) has two

(1980-2009) 1994 is the change point.

change points in 1980 and 1994 and this station after
movement within (1980-2009) has a change and start of
trend in 1994.

DISCUSSION
This research examined temperature changes

Time series data of stations were analyzed by

and trend analysis in the synoptic weather stations in

change point analysis (Taylor, 2000) the results for each

west Iran with possible starting of oak dieback time.

element temperature for all stations are listed below.

According to the experts of the Department of Natural

Figure 11 (a-g) and Table 3 (a-g) indicated time series

Resources and watershed management of Kermanshah

results of average annual temperature, average tempera-

Province, the first observation time of decayed oak trees

ture data of Kermanshah station at a confidence level of

is in 2010 in the southwest quadrant of the province,

100%, have a change point in 1994. Islamabad Gharb

and the first official report was published in 2012, an-

station lacks any change point and at Sarpolzohab the

nouncing a dieback area of 10,000 hectares. However,

data have faced changes in 1991 and 1998. Ilam station

before the said time there may be decayed or decaying

time series did not face significant changes during the

trees in other areas of the province, which are not stud-
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ied and visited. The trend and change points obtained

all stations had the highest value; this is true for the av-

for each temperature element in the stations contain

erage and minimum temperature elements, except for

useful information. They mostly have a significant posi-

the Islamabad Gharb and Sarpolzahab stations. Howev-

tive trend, at 5% level, and the common point of change

er, these two stations ranked second, thus, with little

in the annual average temperature element in the sta-

tolerance, the year 1998 can be considered as the hottest

tions has a frequency of 75%, which is related to the

year in terms of temperature and the 2007-2008 water

year 1998, while the maximum temperature element,

year as the most severe year with water stress.

apart from Kermanshah station, has the same change
points using a more reliable analytical method.

CONCLUSION

On the minimum temperature, the Kermanshah,

The results of this study showed that the temper-

Sarpol Zahab and Dehloran stations have similar change

ature (average, maximum and minimum) of the ele-

points. Analysis of both trend analysis and change

ments in the stations was positive and upward at 5%

points so far shows the lack of uniformity in the results,

level, and analysis of the change points showed that in

both within temperature elements of a station or one

75% of the cases in 1998, the stations were changed in

temperature element in different stations, which can be

terms of temperature. and in the same year, the maxi-

due to various reasons. This analysis can be influenced

mum temperature was the highest, and it is the hottest

by climatic and non-climatic factors. Effective non-

year. In addition, according to the SPI drought index,

climatic factors are mostly related to station handling

the year 2007-2008 is the driest year with the highest

and include geographical factors, such as altitude, direc-

water stress. Thus, with the confirmation of the warm-

tion, latitude, distance from population centers and wa-

ing of the air in western Iran in the past years, and the

ter zones. On the drought issue and an average annual

proof of its increasing trend, and the adaptation of the

rainfall time series in the stations, the 2007-2008 water

warmest year and point Temperature variation In 1998,

year (from September 20, 2007 to September 20, 2008)

the declared start date of the decline in oak trees has

is the driest year. Of course, after that year, there were

been affected by the year of the water stress (2007-

almost normal and dry years, but after that year all sta-

2008). Meanwhile, the warmest year (1998) can be the

tions had a higher than normal frequency of dry years.

reason for the weakening of oak trees and the onset of

This fact is stronger in Kermanshah, Ilam and

pests.

Khorramabad, weaker in Dehloran and balanced in Islamabad Gharb and Sarpolzahab. Of course, it is a bit
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