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ABSTRACT. As station data quality and availability is not adequate to reliably estimate observed climate change
over many parts of the country, multi sources observational gridded datasets have been employed in the present study.
The performances of multi-observational gridded datasets, e.g., IMD gridded data, CRU, APHRODITE, GPCC,
NCAR/NCERP reanalysis have been compared with the reference rainfall data from IITM over North central India (NCI),
a region of subtropical monsoon climate, during four main seasons (MAM,JJAS,ON and DJF) as well as in annual scale
for the period 1951-2003. All the gridded data except CRU and NCEP have secured good skill scores in all seasons as
well as at annual scale. APHRODITE and NCEP reanalysis have shown large wet bias in all seasons. The reference
rainfall data over NCI has shown 6.3 mm, 4.2 mm, 1.9 mm and 11.2 mm increase per decade for MAM, JJAS, DJF
seasons and annual rainfall respectively whereas 2.2 mm decrease per decade has been found for ON season. Only GPCC
dataset have been able to capture similar trend for all seasons. Performance of NCEP reanalysis has been worse in
compared to others. GPCC and IMD high resolution data has shown smallest bias among all the datasets and also obtain
superior skill scores than others. Therefore based on visual inspection and the results from different conventional
measures, GPCC high resolution gridded data and high resolution IMD gridded data may be reliably used for climatic
analysis of this region.

Key words — Gridded analysis datasets, North-central-India, Seasonal rainfall, Trend analysis, Skill metrics.

1. Introduction change, it is necessary to assess the amount of past rainfall
change using multi sources observational data in order to

Major parts of North central regions of India are understand the impact of climate change over agricultural
rainfed and agricultural production depends significantly production. Gridded representations of observed data on
on monsoon as well as annual rainfall which are highly the basis of a variety of instruments, locations, platforms,
erratic in nature. Thus, under the context of climate retrieval algorithms and analysis schemes are widely
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Fig. 1. Figure depicting study region over North Central India.
(Adopted from Sontakke et al., 2008). North Central India
(NCI) has been shaded with gray

employed in climate research with various goals
(Schneider et al., 2014).Typically, only a limited number
of such data sets have been available, and most climate
studies have employed a single data set which includes the
features needed for their analyses. Gridded observational
datasets are one of the key ingredients of climatic research
for the assessment of climate change of a region as well as
for the validation of global climate model (GCM) and
regional climate model (RCM) outputs of that region. We
have to depend vastly on this datasets as real observations
are not available and inadequate in many cases (Kannan
et al., 2014). Lack of accurate observations also may be a
principal barrier for climate model improvement (Collins
et al., 2013). Many researchers and institutions have
introduced newly developed observation-based gridded
analysis data sets of global or regional coverage with fine
spatial resolutions (Adler et al., 2003). Analysis methodology
such as the quality control of input data, spatial/temporal
interpolation, and retrieval algorithms used in producing
these gridded datasets plays a crucial role in determining
the characteristics of precipitation climatology represented
by individual datasets (Kim et al., 2015). As different data
sets are created with different sources of observation and
numbers of station data is not uniform, method of analysis
are also not unique, so the estimated amount of rainfall
change over the North-central region of India (NCI zone)
from different data may vary. Therefore, to have a
comprehensive idea about the effective use of different
gridded datasets, the present study was carried out with
the following major objectives:

(/) Assessment of the skills of different sources of
gridded analysis data in capturing the observed rainfall
using conventional statistical measures over NCI zone.

(if) Identification of most reliable gridded dataset over
this zone.

2. Materials and method
2.1. Study area

Present study has been carried out over North-
Central India (NCI) which is one of the seven
homogeneous zones identified by Sontakke et al. (2008).
NCI is portion of the country extending from the latitude
of 21° N and between 80° and 88° E and covering
5,99,860 km” area (Fig. 1).

2.2. Data

Two types of datasets have been used in this study-
Firstly, area averaged data of NCI zone which is available
at Data Archivall of IITM website (http://www.tropmet.
res.in/) has been used as reference data for evaluating
performance of different gridded data sources. Longest
possible instrumental area-averaged monthly, seasonal
and annual rainfall series of NCI zone have been
developed by Sontakke et al. (2008) using highly quality-
controlled data from well spread network of 65 rain gauge
stations. The stations used in this data have been provided
in Table 1.

Secondly, different global observational gridded
datasets e.g., CRU (0.5° x 0.5°), APHRODITE
(0.5° x 0. 5° and 0.25° x 0.25°), GPCC (2.5° x 2.5°,
1°x 1°and 0. 5° x 0. 5°), and NCAR/NCEP (2.5° x 2.5°)
reanalysis in addition to two versions of observational
gridded data from IMD (1°x 1° and 0.25° x 0.25°) whose
performances have been evaluated with respect to the
reference data. Detailed information regarding sources of
these gridded datasets has been provided in Table 2.

2.3. Methodology

Before evaluation, all gridded dataset have been
interpolated on station locations shown in Tablel using bi-
linear interpolation technique and area-averaged data
prepared using simple arithmetic mean of interpolated
data over all stations similar to Sontakke et al. (2008).Bi-
linear method uses minimum of 4 nearest grid points from
the domain and nearby areas to interpolate over each
station/point location as recommended by Das et al., 2012.
To evaluate the performance of gridded data, initially a
visual comparison has been done by plotting time series of
gridded data and reference data. Next, skills of the gridded
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TABLE 1
Description of stations used in this study
Station Lat. (°N) Long. (°E) Station Lat. (°N) Long. (°E) Station Lat. (°N) Long. (°E)
Bankura 23.23 87.07 Dumka 24.27 87.25 Nawabganj 26.9 81.2
Suri 23.92 87.53 Hazaribagh 23.98 85.37 Basti 26.78 82.72
Burdwan 23.23 87.85 Daltonganj 24.05 84.07 Deoria 26.5 83.78
Purulia 23.33 86.38 Ranchi 23.38 85.33 Faizabad 26.78 82.13
Midnapore 22.42 87.32 Chaibasa 22.55 85.82 Fatehpur 25.93 80.83
Bhagalpur 25.25 87 Bilaspur 22.08 82.13 Ghazipur 25.58 83.57
Arrah 25.57 84.67 Durg 21.22 81.28 Gonda 27.13 81.93
Jamui 24.93 86.22 Raigarh 21.92 83.4 Gorakhpur 26.75 83.37
Motihari 26.67 84.92 Raipur 21.23 81.65 Hamirpur 25.95 80.13
Darbhanga 26.17 85.9 Ambikapur 23.12 83.2 Hardoi 27.4 80.13
Gaya 24.75 84.95 Balaghat 21.8 80.2 Jaunpur 25.75 82.68
Madhipura 25.92 86.78 Mandla 22.6 80.38 Kanpur 26.47 80.35
Muzaffarpur 26.12 85.4 Panna 24.72 80.2 Kheri 27.9 80.8
Patna 25.62 85.17 Rewa 24.53 81.3 Lucknow 26.85 80.93
Purnea 25.77 87.47 Satna 24.57 80.83 Mirzapur 25.15 82.58
Chapra 25.78 84.73 Sohagpur 23.32 81.35 Pratapgarh 25.9 81.95
Balasore 21.5 86.93 Sidhi 24.4 81.88 Rae Bareli 26.23 81.23
Keonjhargarh 21.63 85.58 Allahabad 25.47 81.83 Sitapur 27.57 80.68
Baripada 21.95 86.73 Azamgarh 26.05 83.18 Sultanpur 26.27 82.08
Sambalpur 21.47 83.97 Bahraich 27.57 81.6 Unnao 26.53 80.5
Rajgangpur 22.18 84.6 Ballia 25.73 84.17 Varanasi 25.33 83
Gobindpur 23.83 86.53 Banda 25.48 80.35
Lat. : Latitude; Long. : Longitude
dataset have been evaluated through skill scores TABLE 2

developed by Taylor (2001). Firstly, skill score-1 have
been defined as,

4(14+R)

S§S1=——7—— 1)
(SDR+5pg) (1+Rp)
and secondly, skill score-2 defined as,
4
§52 = 4(1+R) )

2
(SDR+spe) (1+Ro)*

R is the correlation coefficient between two data;
SDR is the ratio of the standard deviations in each data.
We assumed that Ry = 1, as each gridded contains single
simulation.

Performances of the gridded data have been also
assessed through comparing linear trends and percentage
bias. Linear trends have been fitted using linear
regression.

Source and resolution of gridded datasets used in this study

Datasets Source Resolution
IMD-low India Meteorological 1°x1°
(IMD-L) Department
IMD-high India Meteorological 0.25° % 0.25°
(IMD-H) Department
Aphrodite-high University of Tsukuba, Japan ~ 0.25° x 0.25°
(APHRO-H) Meteorological Agency
Aphrodite-low University of Tsukuba, Japan 0.5°x0.5°
(APHRO-L) Meteorological Agency
NCEP NCEP-NCAR,USA 2.5°%x2.5°
GPCC-low Deutscher Wetterdienst (DWD), — 2.5° x 2.5°
(GPCC-L) Germany
GPCC-medium Deutscher Wetterdienst (DWD), 1°x1°
(GPCC-M) Germany
GPCC-high Deutscher Wetterdienst (DWD),  0.5° x 0.5°
(GPCC-H) Germany
CRU Climatic Research Unit, UK 0.5° x 0.5°
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Fig. 2. Visual comparison of annual time series of various gridded data sets with ITM observed data during 1951-2003.

Correlation(R) and root mean square error (RMSE) have been mentioned in the plot
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Fig. 3. Seasonal and annual percentage bias of various gridded datasets with respect to 1I'TM observed data during 1951-2003

Percentage bias (PB) has been calculated as:

=yN, (’"l %) % 100% 3)

Here, m; and o; indicate i value of each data. The
optimal value of PB is 0.0, with low-magnitude values
indicating better performance.

3. Results and discussion

In the present study, the analyses have been carried
out for four seasons i.e., pre-monsoon (MAM), Monsoon
(JJAS), Post-monsoon (ON), Winter (DJF) as well as
annual scale during 1951-2003. The results have been
discussed in the following sub-sections.

3.1. Visual comparison of time series over NCI

How the different global gridded data have been able
to reproduce the temporal variation of annual rainfall

during 1951-2003 period over the study domain have been
compared in Fig. 2. Visual comparison has indicated that
the GPCC-H, GPCC-M and IMD high and low resolution
data have shown higher accuracy to reproduce the time
series of reference data for the period of 1951-2003.
APHRODITE (both low and high resolution) and NCEP
data have underestimated the reference rainfall series over
this zone. Therefore, APHRODITE and NCEP data may
not be much reliable over NCI zone. These visual
impressions have been further verified using different
statistical metrics in the subsequent sections.

3.2. Percentage bias of analysis datasets

Percentage bias as defined by the equation (3) in
section 2.3 has been calculated for all other gridded
datasets and the results have been shown in Fig. 3. In the
case of pre-monsoon season, all gridded data except
GPCC-low have shown dry biases among which
maximum amount of dry bias (~40%) have been found for
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TABLE 3

Skill score 1 of various gridded datasets during 1951-2003

Datasets MAM JIAS ON DJF Annual

IMD-H 0.98 0.98 0.99 0.97 0.98
IMD-L 0.97 0.98 0.99 0.99 0.99
CRU 0.95 0.84 0.93 0.88 0.87
APHRO-H  0.96 0.95 0.93 0.98 0.96
APHRO-L  0.96 0.94 0.93 0.97 0.95
NCEP 0.71 0.81 0.84 0.83 0.84
GPCC-H 0.99 0.98 0.99 0.99 0.99
GPCC-L 0.99 0.97 0.98 0.99 0.98
GPCC-M 0.99 0.98 0.99 0.99 0.99

NCEP. During the monsoon season, APHRO high and
low data along with NCEP data have shown relatively
large dry biases whereas no significant biases have been
found for other gridded datasets. Again no significant
biases have been observed during the post monsoon
except APHRO high and low. However, during the winter
season mostly all the data except GPCC low has shown a
dry bias among which NCEP has shown largest dry bias
(~30%). Overall in annual scale, it has been seen that
APHRO high and low along with NCEP datasets have
shown significant dry bias whereas negligible biases have
been found for other datasets (Fig. 3).

3.3. Comparison of skill scores among various
analysis datasets

Apart from checking the bias within data, two
different types of skill scores (SS1 and SS2) as defined in
section 2.3 have been calculated for all gridded data for
four seasons (pre-monsoon, monsoon, post monsoon and
winter) along with annual scale and the results have been
compared in Tables 3 and 4. During the pre-monsoon
season, it has been revealed that both the high and
medium resolution GPCC data have shown better
performance as estimated through their higher skill scores
(SS1 =0.99; SS2 = 0.98) whereas, NCEP data has shown
worst performance with SS1 = 0.71 and SS2 = 0.25
(Tables 3 and 4). In addition to GPCC data, both high and
low resolution gridded data from IMD have also shown
higher SS1 (0.97-0.98) and SS2 (0.92-0.93) values,
indicating their superior skills. Therefore, it is to be
mentioned that IMD gridded data may be used as an
efficient indigenous alternative source in addition to
GPCC. Similarly, during monsoon IMD (High and Low)
and GPCC (Low, medium and high) have shown higher
skills whereas, NCEP and CRU data have obtained less

TABLE 4

Skill score 2 of various gridded datasets during 1951-2003

Datasets MAM JIAS ON
IMD-H 0.93 0.92 0.96 0.92 0.93
IMD-L 0.92 0.95 0.97 0.95 0.96

DJF Annual

CRU 0.82 0.53 0.8 0.73 0.58
APHRO-H 0.94 0.9 0.91 0.94 0.93
APHRO-L 0.93 0.89 0.91 0.94 0.92

NCEP 0.25 0.43 0.62 0.58 0.5

GPCC-H 0.98 0.93 0.98 0.96 0.95
GPCC-L 0.96 0.92 0.95 0.95 0.94
GPCC-M 0.98 0.94 0.97 0.96 0.95

reliability as their estimated skill scores have been worst
(Tables 3 and 4). In case of post monsoon, all the gridded
data except NCEP (SS1 = 0.84; SS2 = 0.62) and CRU
(SS1 = 0.93; SS2 = 0.80) performed consistently well as
estimatedSS1 and SS2 have been above 0.93 and 0.91,
respectively. Similar results have been found over dry
winter season also. Finally based overall analysis of skill
scores on all seasons and annual scale, it has been found
all gridded data has performed satisfactorily except NCEP
and CRU.

3.4. Linear trend analysis over NCI

Linear trend analysis has revealed that the reference
dataset has shown significant (at 10% level) increasing
trend during pre-monsoon at the rate of 6.30 mm/decade.
APHRO high and low and all three GPCC data have been
able to reproduce the magnitude of trend close to
reference data (Table 5). However, APHRO high and low
has shown significant increasing trend at 5% level. All
other datasets have shown non-significant increasing trend
except NCEP (which has shown a declining trend
~3.37 mm/decade) .During wet monsoon season, IMD-
low and all three types of GPCC data showed non-
significant increasing trend similar to that of reference
data (4.18 mm/decade). It is noteworthy that, abrupt
significant declining trend has been observed for CRU
gridded data (30.5 mm/year) which closely resemble to
the findings by Meena et al. (2015). Some observational
studies using station data have also revealed decreasing
trend during monsoon over some pockets of this zone
(Kishore et al., 2016; Guhathakurta et al., 2015;
Guhathakurta and Rajeevan, 2008). However, Dubey and
Krishnakumar (2014) have not found any significant trend
in seasonal monsoon rainfall over central India. During
the post monsoon season, however all the gridded datasets
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TABLE 5

Trends (mm/decade) of reference data and various gridded data during 1951-2003

Period  Ref. Data IMD-high IMD-low CRU  APHRO-high APHRO-low NCEP GPCC-high GPCC-low GPCC-med
MAM 6.30* 3.69 33 2.59 6.19** 6.23** -3.37 5.15* 5.63* 5.34*
JIAS 4.18 -1.78 4.04 -30.46* -1.15 -0.69 17.43 4.46 3.54 4.97
ON -2.18 -2.08 -2.08 -2.14 -1.18 -1.14 -5.89 -0.51 -0.48 -0.38
DJF 1.9 -0.23 0.62 -0.57 1.99 2.05 -1.13 3.07 3.01 3.13
Ann 10.19 -0.39 5.88 -30.58* 5.86 6.45 7.04 12.18 11.7 13.06

“**_significant at 10% level; “**’- significant at 5% level; ‘***’- significant at 1% level

have been able to reproduce the declining trend found for
reference data (2.18 mm/decade). During the dry period of
winter season, all datasets have revealed non-significant
positive trends similar to reference data (1.90 mm/decade)
except IMD-high, CRU and NCEP. The reference data
have shown non-significant increasing trend for annual
rainfall at the rate of 10.19 mm/decade. All three versions
of GPCC data have been able to reproduce both
magnitude and direction of trend. All other datasets have
shown increasing trend with smaller magnitude except
IMD high and CRU. Overall, comparing all the datasets
for both seasonal and annual scale it has been found that
three versions of GPCC and IMD-low has consistently
performed well to capture the trend shown by reference
data.

On the basis of visual comparison, skill scores and
trend analysis, it has been found that GPCC data has been
more reliable data among different datasets. On the other
hand, CRU and NCEP data have been emerged as less
skilful datasets. Our findings are in line with Satya
Prakash et al. (2014, 2015) where they have put more
confidence on GPCC dataset over Indian domain as well
as over global land region. They have also found poor
performance of NCEP dataset compared to others. Satya
Prakash et al. (2014) have reported that APHRODITE
data have similar skill of GPCC dataset over Indian
domain but present study have indicated large biases in
APHRODITE data for various seasons over NCI.

4. Conclusions

In the present study, different types of gridded
datasets have been evaluated with respect to reference
data of NCI zone through visual comparison and various
statistical measures. The findings of the study have been
as following:

(i) Visual impressions have put more confidence on
GPCC-H, GPCC-M and IMD high and low resolution
data and less confidence on APHRODITE & NCEP data.

(i) All gridded data except CRU and NCEP have
obtained good skill scores in all seasons as well as at
annual scale.

(iii) NCEP, Aphrodite data have shown large biases in all
cases. GPCC high and medium resolution data have
shown least biases.

(iv) All three versions of GPCC and IMD-low resolution
data have consistently captured the observed trend in all
seasons as well as at annual scale. CRU data has shown
unrealistic trend values in JJAS and annual.

Overall, it has been found that NCEP data has been
the least reliable data in simulating observed rainfall over
NCI region. GPCC data especially the high and medium
resolution data have been found to be more reliable for
this region in every aspects tested in this study.
Resolution-wise IMD high-resolution and APHRODITE
data are the highest resolution data among all; IMD high
has performed well except capturing observed trends but
performance of APHRODITE high has not been
satisfactory. Therefore, for high-resolution rainfall
analysis, IMD high-resolution gridded data may be
recommended.
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