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ABSTRACT

Drought tends to be a creeping phenomenon occurs gradually with the deficiency in rainfall further
extending its impact on sectors which are dependent on water. The drought characteristics were
analysed in Parambikulam Aliyar Project (PAP) basin based on the European Centre for Medium
range Weather Forecasts Interim Reanalysis (ERA-Interim) gridded data with resolution of 0.125°
x0.125° during 1981-2017. Reconnaissance Drought Index (RDI) was applied for monitoring the
drought. The variables used in RDI are rainfall and potential evapotranspiration (ETo), the required
meteorological data were taken from the ERA Interim dataset and ETo was calculated using
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Penman-Monteith method. RDI indicated that 41% of the time had drought condition over 37 years.
Two years (1982 and 2012) faced severe drought across all the parts of the PAP basin and the
highest number of mild drought events were observed than the other drought conditions in PAP
basin. Results showed that Plain areas in PAP basin experienced maximum number of drought
events compared to the other areas in PAP basin during the investigation period.

Keywords: Drought intensity; drought analysis; PAP basin.

1. INTRODUCTION

Concerns on water resources have become
widespread in a global context due to the
growing interconnection with other development-
related issues and also with social, economic,
environmental, legal, and political factors at
every scale [1,2,3]. In this scenario, the
knowledge of drought phenomena plays an
important role for an appropriate planning and
management of water resources, such that
characterisation of drought has attracted the
interest of many researchers in recent years [4].
Drought originates due to deficiency of
precipitation over a period of time from long
period average [5]. In the study of the drought
phenomenon, drought indices that are able to
objectively quantify climate conditions are usually
required [6]. Several drought indices have been
proposed to monitor the various kinds of drought
in different areas. Reconnaissance Drought
Index (RDI) works based on the ratio between
precipitation and potential evapotranspiration
(ET), and can be computed for different time
scales [7,8]. Parambikulam-Aliyar basin is
located in the south western part of the
Peninsular India, covering areas in Kerala and
Tamil Nadu States and it is considered as one
the important basin in Tamil Nadu [9].
Hence drought analysis of PAP basin is
gaining more importance for agricultural
planning.

2. MATERIALS AND METHODS

2.1 Study Area

Parambikulam-Aliyar basin (PAP) is an inter-
state water distribution project collaborating two
states namely Kerala and Tamil Nadu. This
project is mainly framed to divert the water from
the eight west flowing rivers. The PAP basin area
situated in coordinates of 10°10°00” N to
10°57°20” N latitude, 76°43’00” E to 77°12’30” E
longitudes and distributed over 2388.72 sq.km
area (Fig. 1).

2.2 Data

In this study meteorological data for the period of
37 years (1981-2017) was obtained from ERA
Interim 0.125° x0.125°gridded dataset. Rainfall
and the required weather parameters such as
temperature, relative humidity, solar radiation
and wind speed for computing the ET, were
extracted from ERA Interim dataset. The rainfall
and ET, were used as inputs for RDI
computation.

2.3 Reconnaissance Drought Index (RDI)

The Reconnaissance Drought Index (RDI) is
calculated based on the ratios of precipitation
over potential evapotranspiration for
different time scales. Drought index calculator
Version 1.7 (DrinC) was employed for
computing RDI [10]. The potential
evapotranspiration is computed through the
Penman- Monteith formula. RDI classification is
given in the Table 1. Initially, oy is presented as
the coefficient of the i" year in an aggregated
form using a monthly time step and can be
calculated on a monthly, seasonal or annual
basis as following.

k
0 _ Zi=Pi . .
a = Z}<=1ET” ,i=1:Nandj=1K
Where,

P; is precipitation, ETj; is potential evapotranspiration in
i™ month of i" year.

Table 1. Drought classification based on the

RDI values
RDI values Classification
>0 No drought
0to-0.99 Mild drought
-110-1.49 Moderately drought
-1.5t0-1.99 Severe drought
-2< Extremely drought
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Fig. 1. Study area map of Parambikulam Aliyar basin

2.4 Calculation of Potential

Evapotranspiration

The Penman - Monteith equation is used most
commonly for computing the ET,, recommended
by the FAO in 1998 as reference ET. Many
studies found that the Penman-Monteith is more
appropriate for arid and semi-arid regions. In
PAP basin, total potential evapotranspiration
(ETo) has been estimated through built in FAO
Penman — Monteith equation as shown below

using ET, calculator version 3.2 developed by
the FAO [11].

ET,
900
0.408A(R, — G) + Y7273 U,(es — ea)
h A+y(1+0.34U,)

Where,

ET, is the potential evapotranspiration rate
(mm.d'1), G is the soil heat flux density (MJ.m
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2.day'1) ; T is the mean daily air temperature at 2
m height (°C); U, is the wind speed at 2 m height
(m.s™); ed is the saturation vapour pressure
(KPa); ea is the actual vapour pressure (KPa); A
is slope of vapour pressure curve (KPa.°C'1); yis
the psychrometric constant (KPa, °C™); Rn is the
net radiation at the crop surface (MJ.m™.day™).

3. RESULTS AND DISCUSSION

Drought characteristics determined by the RDI
from 1981 to 2017 period are presented in Table

2. It can be observed that six years exposed to
mild drought (1987, 1994, 1995, 1998, 1999 and
2006) condition in hilly areas of PAP basin. The
mild drought events in two consecutive years
happened two times (1994, 1995, 1998 and
1999) over 37 years. Moderate drought
phenomenon was also noticed in six years
(1986, 1988, 2001, 2002, 2003 and 2016) and
consecutive three years had moderate drought
(2001, 2002 and 2003). Severe drought occurred
in two years 1982 and 2012 (Fig. 2).

3.0

25

2.0 |

1.5

1.0 4

0.5 -

RDI values

0.0

RDI

1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998

-0.5 1

-1.0 |

A5

-20

1999

Year

2000
2001
2002

2003
2004
2005
2006
2007
2008

2009
2010
2011
2012
2013
2014

2015 |
2016
2017

Fig.

. 12-month time scale basis drought results using RDI method in PAP hilly area
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. 12-month time scale basis drought results using RDI method in PAP Plain area
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Table 2. Drought characteristics for the RDI from 1981 to 2017 of PAP hilly area, PAP Plain area and Total PAP basin

Years PAP Hilly areas PAP Plain areas Total PAP basin
RDI values Classification RDI values Classification RDI values Classification
1981 1.1 No drought 0.0 No drought 0.7 No drought
1982 -1.6 Severe drought -1.3 Moderately drought -1.6 Severe drought
1983 0.5 No drought 0.2 No drought 0.4 No drought
1984 0.6 No drought 1.7 No drought 1.0 No drought
1985 -0.8 Mild drought -1.2 Moderately drought -1.0 Moderately drought
1986 -1.4 Moderately drought -1.5 Severe drought -1.5 Severe drought
1987 -0.4 Mild drought 0.7 No drought 0.0 No drought
1988 -1.4 Moderately drought -1.1 Moderately drought -1.4 Moderately drought
1989 0.2 No drought -0.3 Mild drought 0.0 No drought
1990 0.2 No drought -0.1 Mild drought 0.0 No drought
1991 0.8 No drought 0.1 No drought 0.6 No drought
1992 25 No drought 1.1 No drought 21 No drought
1993 0.0 No drought 0.5 No drought 0.2 No drought
1994 -0.5 Mild drought 0.7 No drought -0.1 Mild drought
1995 -0.9 Mild drought 0.0 No drought -0.6 Mild drought
1996 1.1 No drought 0.9 No drought 1.0 No drought
1997 04 No drought 1.0 No drought 0.6 No drought
1998 -0.4 Mild drought -0.9 Mild drought -0.6 Mild drought
1999 -0.6 Mild drought -0.2 Mild drought -0.5 Mild drought
2000 0.7 No drought -0.3 Mild drought 0.4 No drought
2001 -1.1 Moderately drought -1.4 Moderately drought -1.3 Moderately drought
2002 -1.0 Moderately drought -0.9 Mild drought -1.0 Moderately drought
2003 -1.4 Moderately drought -1.4 Moderately drought -1.5 Severe drought
2004 0.3 No drought 0.6 No drought 0.4 No drought
2005 1.5 No drought 1.9 No drought 1.7 No drought
2006 -0.6 Mild drought -0.3 Mild drought -0.5 Mild drought
2007 0.7 No drought -0.1 Mild drought 0.4 No drought
2008 04 No drought 0.9 No drought 0.6 No drought
2009 0.0 No drought 0.2 No drought 0.1 No drought
2010 1.5 No drought 0.8 No drought 1.3 No drought
2011 0.3 No drought 0.3 No drought 0.3 No drought
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Years PAP Hilly areas PAP Plain areas Total PAP basin
RDI values Classification RDI values Classification RDI values Classification
2012 -1.6 Severe drought -1.4 Moderately drought -1.6 Severe drought
2013 0.1 No drought -0.7 Mild drought -0.2 Mild drought
2014 1.2 No drought 0.7 No drought 1.0 No drought
2015 1.0 No drought 2.4 No drought 1.6 No drought
2016 -1.3 Moderately drought -1.5 Moderately drought -1.4 Moderately drought
2017 0.9 No drought 24 No drought 1.5 No drought
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Fig. 4. 12-month time scale basis drought results using RDI method in Total PAP basin
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Plain areas of PAP basin found to have

mild drought in eight years (1989, 1990,
1998, 1999, 2000, 2006, 2007 and 2013)
and moderate drought in seven years
(1982, 1985, 1988, 2001, 2003, 2012 and

2016) severe drought was observed in 1986
(Fig. 3).

The entire basin imperilled with the six mild
drought years (1994,1995,1998,1999,2006 and
2013) and five moderately drought
(1985,1988,2001,2002 and 2016) years  (Fig.
4). Four severe drought events (1982, 1986,
2003 and 2012) put the basin at the risk  over
the 37 years. In most parts of India also affected
by below-average rainfall that caused the all-
India drought during 1982,2002 and 2016
The monsoon season of 2002 was 19%
drier compared to normal [12] and
also the monsoon season of 2012 was above
50% drier compared to normal in Tamilnadu
[13].

4. CONCLUSION

The Reconnaissance Drought Index (RDI)
indicated that in hilly region, 16 per cent of the
time experienced drought under mild as well as
moderate category. In plain area, 21 per cent of
time exposed to mild drought while 18 per cent of
the time faced moderate drought. The whole
basin was exposed to 16 per cent of the times
with mild drought and 13 per cent of time under
moderate drought. Four severe drought events
jeopardised the agricultural activities in PAP
basin.

ACKNOWLEDGEMENT

This work was financially supported through
grants from CCP-SPLICE-Climate Change
Programme, Department of Science and
Technology (DST), Ministry of Science and
Technology, Government of India (GOI)
project entitted "Building Resilience to
Climate change and Improving Food Security
through climate smart solutions”
[DST/CCP/MRDP/145/2018 (G)]- The
funders had no role in work design, data
collection and analysis, or decision and
preparation of the manuscript.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Benson D, Gain AK, Rouillard JJ. Water
governance in a comparative perspective:
From IWRM to a'nexus' approach? Water
Alternatives. 2015;8(1):756-773.

2. Biswas AK. Integrated water resources
management: A reassessment: A water
forum contribution. Water International.
2004;29(2):248-256.

3. Biswas AK. Integrated water resources
management: Is it working? International
Journal of Water Resources Development.
2008;24(1):5-22.

4. Mishra AK, Singh VP. A review of drought
concepts. Journal of Hydrology. 2010;
391(1-2):202-216.

5. de Oliveira-Junior JF, de Gois G, de Bodas
Terassi PM, da Silva Junior CA, Blanco
CJC, Sobral BS, Gasparini KAC. Drought
severity based on the SPI index and its
relation to the ENSO and PDO climatic
variability modes in the regions North and
Northwest of the State of Rio de Janeiro-
Brazil. Atmospheric Research. 2018;212:
91-105.

6. Keyantash J, Dracup  JA. The
quantification of drought: An evaluation of
drought indices. Bulletin of the American
Meteorological Society. 2002;83(8):1167-
1180.

7. Tsakiris G, Vangelis HIEW. Establishing a
drought index incorporating evapotrans-
piration. European Water. 2005;9(10):3-
11.

8. Tsakiris G, Pangalou D, Vangelis H.
Regional drought assessment based on
the Reconnaissance Drought Index (RDI)
Water Resources Management. 2007;
21(5):821-833.

9. Manik M, Tamilmani D. Development of
drought  wvulnerability maps in the
Parambikulam-Aliyar Basin, Tamil Nadu,
India. Scientific Research and Essays.
2013;8(20):778-790.

10. Khalili D, Farnoud T, Jamshidi H, Kamgar-
Haghighi AA, Zand-Parsa S. Comparability
analyses of the SPI and RDI meteoro-
logical drought indices in different climatic
zones. Water Resources Management.
2011;25(6):1737-1757.

11. Mohammed R, Scholz M. Climate
variability impact on the spatiotemporal
characteristics of drought and aridityin

arid and semi-arid  regions. Water
Resources Management. 2019;33(15):
5015-5033.

207



12.

Guhan et al.; IJECC, 10(9): 201-208, 2020; Article no.lJECC.61373

Bhuiyan C, Singh RP, Kogan FN.
Monitoring drought dynamics in the Aravalli
region (India) using different indices based
on ground and remote sensing data.
International Journal of Applied Earth
Observation and Geoinformation. 2006;
8(4):289-302.

13.

Dhanya P, Ramachandran A. Farmers’
perceptions of climate change and the
proposed agriculture adaptation strategies
in a semi arid region of south India. Journal
of Integrative Environmental Sciences.
2016;13(1)"1-18.

© 2020 Guhan et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sdiarticle4.com/review-history/61373

208



