International Journal of Engineering Technology Science and Research
IJETSR
www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 7
July 2017

Trend Detection of Regional Time Series of Potential
Evapotranspiration of the Tapi Basin for the Period of 19712004
Rahul Verma
M. Tech (WRE) II Year Student, Department of Civil Engineering
Water Resources Engineering Section
SV NIT, Surat, Gujarat, India
Ganesh D. Kale
Assistant Professor, Department of Civil Engineering
Water Resources Engineering Section
SV NIT, Surat, Gujarat, India

ABSTRACT
Potential evapotranspiration (PET) is essential parameter in agro-meteorological studies specifically in practices of water budgeting
for the conservation of water and scheduling of irrigation. It is important to study PET for planning of irrigation, hydrological
modelling, water resources management and agricultural water management. PET is affected by the climate change. Tapi basin is
climatically sensitive basin. Thus, present study focuses on the trend detection of regional PET time series of the Tapi basin of annual,
monthly and seasonal temporal scales for the time period 1971-2004. PET data for the study area is extracted from the climate
research unit (CRU) 3.20 data set. In the present study, statistical significance of trend in PET is assessed by using Mann-Kendall
(MK) test (for independent data) and MK test with CF2 i.e. MK-CF2 test (for serially correlated data). Sen’s slope (SS) method is used
for evaluating magnitude of trend while innovative trend analysis is used for identifying nature of the trend. Results of the analyses
showed that statistically significant trends are not present in the regional PET time series of the Tapi basin of all aforesaid temporal
scales for the time period 1971-2004.
KEYWORDS: Regional time series, PET, trend detection

INTRODUCTION
In the recent years, it was observed that temperature of the earth is increasing as given in third assessment
report (TAR). It was observed that 1995-2006 were the twelve warmest years since 1850. The temperature is
increasing globally. It was seen that the average arctic temperature was increased more than the global
average temperature in the past hundred years. Land regions were warmed more than the ocean regions. It was
also observed that sea level was increased due to warming since1961 and snow and ice extent were decreasing
due to warming. The increases in concentrations of greenhouse gases (carbon dioxide, methane and nitrous
oxide) due to the anthropogenic activities have been observed since 1750. The wind patterns have been altered
due to the anthropogenic activities in both the hemispheres. Due to the several evidences it is clear that
climate change is unequivocal (IPCC, 2007).
Due to increasing concentrations of greenhouse gases like carbon dioxide (CO2), quantity of outgoing
long-wave radiation (OLR) to the space is reducing and thus energy accumulates in climate system and makes
the planet warmer (source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4250165/“last accessed on July
20, 2017”).
Thus study of impact of climate change on the hydrology is needed as it impacts the society. There are
many processes in hydrology like streamflow, precipitation, evaporation and evapotranspiration (ET) etc.
In agriculture planning, estimation of water requirements of crops is essential, specifically for
scheduling of irrigation for better quality assurance and maximum production with environmental protection.

514

Rahul Verma, Ganesh D. Kale

International Journal of Engineering Technology Science and Research
IJETSR
www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 7
July 2017

Crop ET conveys information about amount of water to be released for irrigation and time at which water is to
be released for irrigation (Nova et al., 2006). Thus ET is crucial process in hydrology.
Based on availability of water, mainly there are two types of evapotranspiration; potential
evapotranspiration (PET) and actual evapotranspiration (AET) (Subramanya, 2010). If adequate water is
available all the time to fulfil the water needs of the vegetation which fully covers the area and there is no
deficiency of water then the ET is known as PET (Tukimat et al., 2012). The actual ET taking place in a
particular situation is called as AET (Allen et al., 1998). Reference crop evapotranspiration (ET0) is another
type of evapotranspiration which is recommended by Food and Agriculture Organization (FAO) and it is an
ET obtained from hypothetical grass acting as reference crop with an assumption that grass height is 0.12 m,
albedo is 0.23 and fixed surface resistance is 70 s m-1. It looks like a green, well-watered grass of uniform
height, uniformly growing and fully covering (no radiation is arriving on the ground) the ground. PenmanMonteith method is applied for the estimation of ET0 (Allen et al., 1998).
PET, also called as atmospheric demand, is an important parameter in agro-meteorological studies
especially in water budgeting practices used for water conservations and irrigation scheduling (Sarma et al.,
2014). It is important to study PET for hydrological modeling, irrigation planning, management of agriculture
water and management of water resources (Rao et al., 2012). Thus PET is an important parameter needed to
be studied.
As parameters such as temperature, OLR and wind are altered because of climate change and these
parameters are also used for deriving potential evapotranspiration (PET), thus there is the effect of climate
change on PET. Thus study of effect of climate change on PET is essential.
It is important to study the variability in regional and the monthly PET rates because it is required to
address different types of the water quality and the water quantity problems at regional scale. Because of nonavailability of these types of PET data for Nevada or for many other areas, which have huge range of
applications to many hydrological studies (Shevenell, 1999). Thus in the present study trend detection analysis
of regional time series of PET is carried out for the period 1971-2004.
Deshpande et al. (2016) have found significant increasing trend in the intensity of the heavy rainfall
events and also they have found significant rise in mean and maximum temperatures for post-monsoon season
in the Tapi basin. Bhamare and Agone (2011) detected the changes in surface temperature by using
LANDSAT-TM data and IDRISI software for the time period 1990-2010 over the Tapi basin. They found
increase in temperature of the Tapi basin from 41.6°C to 44.1°C. Jain and Vijay Kumar (2012) found
decreasing trend in annual rainfall since 1960s over the Tapi basin. Aforesaid facts clearly indicate that the
Tapi basin is climatically sensitive. Thus Tapi basin is selected as study area. Thus in the present study trend
detection analysis of regional time series of PET of the Tapi basin is carried out for the time period 19712004.
LITERATURE REVIEW
The information regarding literature review of trend detection studies carried out on regional time series of
PET is given in this section. Chattopadhyay and Hulme (1997) studied evaporation and PET. They used data
of mean monthly maximum, minimum and mean temperatures of 15 years duration for estimating PET at 10
stations of India (Patna, Jodhpur, Agra, Jaipur, Jalpaiguri, Shimla, Ambala, Ludhiana, Ahmedabad, Dhanbad,
Agartala, Calcutta, Bombay and Trivandrum). They used Penman method to estimate PET. They have
performed regional trend detection analysis of PET. Region considered for analysis was India. They used
regionally averaged annual data of PET and estimated mean linear trend of PET. Presence of negative
significant trends was found in monsoon and post-monsoon seasons. They concluded that PET has decreased
in the recent years over India and they also predicted that PET will increase over the India in future.
Thomas (2000) selected 65 stations of China and Tibet for estimating PET. Penman-Monteith method
was applied to calculate PET for China for the time period of 1954-1993 and linear regression was used to
detect the trend at regional scale. PET for the whole China was found to be decreased. Also southwest and

515

Rahul Verma, Ganesh D. Kale

International Journal of Engineering Technology Science and Research
IJETSR
www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 7
July 2017

northeast China have shown moderate increase in PET while southeast and northwest China have shown
decrease in PET.
Ge et al. (2006) estimated PET for 45 years (1956-2000) over 580 stations of China and analyzed
trend of PET by using linear regression approach. Temporal and spatial distributions of PET over China were
studied in the work and also trends in PET for 10 major river basins of China and for the whole China were
analyzed at the regional scale. They concluded that regional annual and regional seasonal PET time series for
the whole China and for most of the basins have shown decreasing trends while slightly increasing trend was
found for Songhua river basin.
Yin et al. (2010) attributed the PET changes over the China. They estimated PET by using the
FAO56- Penman-Monteith method by using the data of minimum and maximum air temperatures, sunshine
duration, wind speed and relative humidity for the time period 1961-2008 (48 years). They have chosen 595
climatological stations of China for the study. Least square linear fitting method was used to evaluate
magnitude of trend present in the PET time series. Mann-Kendall (MK) test was applied for assessing
statistical significance of the trend. For the whole China, decreasing trend was found for PET except for cold
humid region in the northeast China.
The spatial distribution of PET was studied by using data of 194 stations of India for the time period
1961-1995. The PET was estimated by using modified Penman method. The suitable data for estimating PET
was acquired from India meteorology Department (IMD), Pune. The magnitudes of seasonal and annual PET
trends of the region (India) were assessed by using the linear trend analysis technique. The trend in regional
annual PET of India was found to be increasing in later half of 20th century. The regional mean annual PET
for India was found to be 1499 mm (Sarma et al., 2014).
Loliyana and Patel (2015) studied annual average PET and temperature of Gopalkheda sub-catchment
of upper Tapi basin. Sen’s slope (SS) test and MK test were used for estimation of trend magnitude and for
analyzing statistical significance of trend respectively. The increase in annual average PET of Gopalkheda
sub-catchment was found to be 32%.
Following research gaps are found from the literature review of trend detection studies carried out on
regional scale.

No study has performed trend detection analysis of regional time series of PET prepared by using data
of all grids over the Tapi basin.

Only one study has assessed assumptions needed for selection of appropriate trend detection test
(Loliyana and Patel, 2015).

Most of the studies have used linear regression technique for assessment of magnitude of trend.
Linear regression technique is affected by outliers (Sen, 1968).

No study has used correlogram for checking independence of data and innovative trend analysis,
smoothing curve for supporting the results of trend detection concurrently.

No study has used innovative trend analysis for identifying nature of trend (monotonous or nonmonotonous or no trend).
Thus aforesaid research gaps are addressed in the present study by 1) performing trend detection analysis of
regional time series of PET prepared by using data of all grids over the Tapi basin, 2) assumption of
independence of data is checked by using correlogram for selection of appropriate test i.e. MK/MK-CF2 test,
3) SS test is used in the present study for evaluation of magnitude of trend and it is less affected by outliers
(Sen, 1968), 4) correlogram is used for assessing independence of data and innovative trend analysis,
smoothing curves are also used for supporting results of trend detection (smoothing curve and innovative
trend analysis plots are shown only for statistically significant trends), 5) innovative trend analysis plot is used
for assessing nature of trend.
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DATA
The data of 34 years (1971-2004) of PET for the study area is extracted from CRU3.20 data set (sourcehttps://crudata.uea.ac.uk/cru/data/hrg/“last accessed on July 20, 2017”). The CRU3.20 data set is monthly
PET data at 0.5 x 0.5° gridded resolution for entire globe and unit of PET data is mm/day. Ekstrom et al.
(2007) discussed the method of estimating PET which is used in estimation of PET in CRU3.20 PET data set
(Okoro et al., 2014). From the monthly gridded data of PET, regional (Tapi basin) monthly PET time series
was prepared. Monthly gridded PET data over the basin of each month is averaged to get the monthly regional
PET value for the corresponding month and consequently regional monthly PET time series is obtained. From
the regional monthly PET time series, regional seasonal and regional annual PET time series were prepared.
The seasons considered in the present study are winter (January-February), pre-monsoon (March-May),
monsoon(June-September), post-monsoon (October-December) as adopted in Sonali and Nagesh Kumar
(2013). The regional annual PET data was prepared by summing regional monthly PET data of twelve months
(January to December) of each year of period of analysis. The regional seasonal PET data was prepared by
summing the PET values of the corresponding months of the given season of each year of period of analysis.
STUDY AREA
The whole Tapi basin is taken as the study area. The basin is situated among three states of India, i.e.
Maharashtra, Madhya Pradesh and Gujarat. The basin has an area of 65,145 sq.km. Basin lies between 20°9’
to 21°50’ north latitudes and 72°33’ to 78°17’ east longitudes. The Tapi basin is situated in Deccan plateau.
The basin has well forested hilly region and the plain area is very much suitable for irrigation and cultivation.
The Tapi river is 724 km long. Gomai, Aner, Suki, Arunavati are the tributaries joining to Tapi River from
right side while tributaries joining from the left side are Amravati, Panjhra, Gima, Mona, Sipna, Vaghur,
Buray, Bori and Purna. The basin has 66.19% area as agriculture area and 2.99% area as water bodies
(http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Tapi “last accessed on July 19, 2017”).

Figure 1: Tapi basin
(Source: http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Tapi “last accessed on July 19, 2017”)
METHODOLOGY
SS test is used for evaluating magnitude of the trend. MK test and MK-CF2 tests are used for analyzing
statistical significance of trend. MK test is used for independent data (PET) and MK-CF2 test is used for the
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dependent data. Also innovative trend detection analysis (Sen, 2012) plot is used for identifying nature of
trend. Smoothing curve is also used to get clear information about increasing or decreasing pattern of data.
The objective of application of smoothing curve is to discover long-term changes in data (Kundzewicz and
Robson, 2000). The innovative trend analysis plot and smoothing curves will be shown only for statistically
significant trends because of space restrictions. The detailed information about statistical tests/graphical
method used in trend detection analysis is given in following text in this section.
MK TEST (Sonali and Nagesh Kumar, 2013)
It is a rank based non-parametric test. Test statistic 'S' is defined as follows:
𝑆=

𝑛
𝑖=2

𝑖−1
𝑗 =1 𝑠𝑖𝑔𝑛(𝑌𝑖

− 𝑌𝑗 )

(1)

where, m is length of the data series, Yj and Yi indicate the sequential data points inthe time series.
−1
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(4)
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th

where, 'tp' denotes the number of ties for p value and 'q' denotes the number of the tied values while the
second term in variance formula is regarding the tied censored data.
Standardized test statistic Z can be calculated by
S−1

𝑖𝑓 𝑆 > 0

Var S

𝑧= 0

𝑖𝑓 𝑆 = 0
S+1

(5)

𝑖𝑓 𝑆 < 0

Var (S)

To evaluate statistical significance for monotonic trend at 𝛼 significance level, if the absolute value of
standardized test statistic Z is greater than 𝑍1−𝛼/2 which is obtained from the standard normal cumulative
distribution table, then the null hypothesis (no trend) is rejected.
SS TEST (Sonali and Nagesh Kumar, 2013)
The magnitude of the slope can be estimated by applying the method of Sen (1968), as follows
𝑏𝑠𝑒𝑛 = 𝑚𝑒𝑑𝑖𝑎𝑛

𝑌𝑖 −𝑌𝑗
(𝑖−𝑗 )

𝑓𝑜𝑟 𝑎𝑙𝑙 𝑗 < 𝑖

(6)

where, Yj and Yi shows data at the time points j and i, respectively.
𝑚 (𝑚 +1)

If m is the total number of the data points in a series, then
will be the number of slopes estimated and
2
the test statistic bsen is the median of all slope estimates. Decreasing and increasing trends are indicated by
negative and positive sign of test statistic respectively.
MK-CF2 Test
If the data is affected by serial correlation, then MK- CF2 test is used. Due to the presence of the serial
correlation the variance of the MK test statistics 'S' alters. To counter this problem, a method was suggested
by Yue and Wang (2004) named variance correction approach (Sonali and Nagesh Kumar, 2013).
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So, corrected variance of MK test statistic can be written as following
Var(S)* = CF2*Var(S)
where, CF2 = correction factor
Yue and Wang (2004) proposed CF2.
𝐶𝐹2 = 1 + 2

𝑘
𝑚 −1
𝑘=1 (1 − 𝑚 )𝑟𝑘

(7)

(8)

where, m = total numbers of data points
𝑟𝑘 = coefficient of lag-k serial correlation.
when MK test used with CF2, then it is called as MK-CF2 test.
𝑟𝑘 is calculated by using formulae given below (Yue and Wang, 2004).

𝑟𝑘 =

1
(𝑚 −𝑘)

1

𝑋𝑡 = 𝑚

(𝑛 −𝑘)
𝑡=1 (𝑋𝑡 −𝑋 𝑡) (𝑋 𝑡+𝑘 −𝑋 𝑡)
1 𝑚
2
(𝑋 −𝑋 𝑡)
𝑛 𝑡=1 𝑡

𝑚
𝑡=1 𝑋𝑡

(9)

(10)

INNOVATIVE TREND ANALYSIS TECHNIQUE (Sonali and Nagesh Kumar, 2013)
This approach is based on the construct that if two identical time series are plotted against each other then the
resulting plot indicates 1:1 straight line on Cartesian coordinates disregarding of not adhering good for all
assumption regarding sample length, distribution and lag correlation or serial correlation. This technique gives
information about nature of trend (monotonic trend or non-monotonic trend or no trend). If all data points lie
on the 1:1 straight line, then there will be no trend. If all data points lie below or above the 1:1 straight line,
then there is decreasing or increasing monotonic trend respectively. If the data points of the time series lie on
both the sides of 1:1 straight line, then trend is non-monotonic trend. If the scatter points lie closer to the 1:1
straight line, then the magnitude of the trend will be stronger and vice-versa.
RESULTS
In the present study SS test is used for evaluating magnitude of trend while MK/MK-CF2 tests are used for
assessment of statistical significance of trend for independent and dependent data. Independence of data is
assessed by using correlogram. Time series plots are also used in the present study. Time series plots are used
for identifying the gaps in data and pattern of the data as suggested by Kundzewicz and Robson (2000). The
seasons considered in the present study are winter (January-February), pre-monsoon (March-May), monsoon
(June-September), post-monsoon (October-December) as adopted in Sonali and Nagesh Kumar (2013).
TREND DETECTION ANALYSIS OF REGIONAL ANNUAL PET (1971-2004)
Statistically significant trend is not detected in the regional annual PET time series by application of MK test
as shown in table 1. Absence of statistically significant trend is supported by the small value of SS, which is
0.002 mm day-1/year. Time series plot of regional annual PET is shown figure 2a while corresponding
correlogram is shown in figure 3a.
TREND DETECTION ANALYSIS OF REGIONAL MONTHLY PET (1971-2004)
Statistically significant trend is not detected in the regional monthly PET time series by application of MKCF2 test as shown in table 1. Absence of statistically significant trend is supported by the value of SS (mm
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day-1/month), which is zero. Time series plot of regional monthly PET is shown in figure 2b while
corresponding correlogram is shown in figure 3b.
TREND DETECTION ANALYSIS OF REGIONAL WINTER PET (1971-2004)
Statistically significant trend is not detected in regional winter time series by application of MK test as shown
in table 1. Absence of statistically significant trend is supported by the small value of SS, which is 0.003 mm
day-1/year. Time series plot of regional winter PET is shown in figure 2c while corresponding correlogram is
shown in figure 3c.
TREND DETECTION ANALYSIS OF REGIONAL PRE-MONSOON PET (1971-2004)
Statistically significant trend is not detected in regional pre-monsoon time series by application of MK test as
shown in table 1. Absence of statistically significant trend is supported by the small value of SS, which is 0.003 mm day-1/year. Time series plot of regional pre-monsoon PET is shown in figure 2d while
corresponding correlogram is shown in figure 3d.
TREND DETECTION ANALYSIS OF REGIONAL MONSOON PET (1971-2004)
Statistically significant trend is not detected in regional monsoon time series by application of MK test as
shown in table 1. Absence of statistically significant trend is supported by the small value of SS, which is 0.007 mm day-1/year. Time series plot of regional monsoon PET is shown in figure 2e while corresponding
correlogram is shown in figure 3e.
TREND DETECTION ANALYSIS OF REGIONAL POST-MONSOON PET (1971-2004)
Statistically significant trend is not detected in regional post-monsoon time series by application of MK test as
shown in table 1. Absence of statistically significant trend is supported by the small value of SS, which is
0.009 mm day-1/year. Time series plot of regional post-monsoon PET is shown in figure 2f while
corresponding correlogram is shown in figure 3f.
The results of trend detection analyses of regional PET time series of Tapi basin of all temporal scales for time
period 1971-2004 are shown in table 1. In table 1, '0' indicates absence of statistically significant trend
assessed by MK/MK-CF2 test.
Table 1: Results of trend detection analyses of regional PET time series of all temporal scales for the
time period 1971-2004
Regional
Regional
Regional
Regional
Regional
Regional
Regional
PET Time
Annual
Monthly
Winter
Monsoon
PostPreSeries
PET
PET
PET
PET
monsoon
monsoon
PET
Time
Time
Time
PET
Time
Time Series
Statistical
Series
Series
Series
Time Series
Series
Tests
0.002
0.000
0.003
-0.003
-0.007
0.009
SS
0

MK
MK-CF2

0

0

0

0

0

The time series plots of annual, monthly and seasonal PET time series of the region are shown in figure 2a,
2b, 2c, 2d, 2e and 2f respectively. These plots show absence of gaps in the corresponding data and increasing
or decreasing pattern of data.
Also correlograms of regional time series of PET of temporal scales annual, monthly, winter, pre-monsoon,
monsoon and post-monsoon are shown in the figures 3a, 3b, 3c, 3d, 3e and 3f respectively for the period
1971-2004. These correlograms are used for assessment of assumption of independence of data for selection
of appropriate trend detection test. Five correlograms except correlogram shown in figure 3b (corresponding
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to monthly temporal scale) have shown that their corresponding data are independent and so MK test is
applied to them. Correlogram in figure 3b (corresponding to monthly temporal scale) had shown that the
corresponding data is not independent and so MK-CF2 test is applied to this data.

(a)

(b)

(c)

(d)

(e)

(f)

Figure 2: Time series plots of annual, monthly, winter, pre-monsoon, monsoon and post-monsoon PET over Tapi
basin as a whole region for the time period 1971-2004 as shown in 2a, 2b, 2c, 2d, 2e and 2f respectively.
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 3: Correlograms of annual, monthly, winter, pre-monsoon, monsoon and post-monsoon PET
over Tapi basin as a whole region for the time period 1971-2004 as shown in 3a, 3b, 3c, 3d, 3e and 3f
respectively.
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CONCLUSION:
Statistically significant trends are absent in the PET regional time series of all six temporal scales and time
period of 1971-2004. In formulation of PET regional time series averaging is performed for data which results
in diminution of magnitude of data values of resulting time series (PET regional time series) with greater
effect on extreme values, which might have lead to loss of climate change signal and may be therefore
significant trends are not found in these time series.
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