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Introduction: 

Drought is one of the most widespread hydrological disasters. The term 
drought generally denotes a situation when devastation is caused by 
continual scarcity of water or insufficient water availability in the soil 
and water bodies of a region to meet the ecological need. Precipitation 
is the prime source of natural water supply; hence, a situation with 
prolonged absence of precipitation is termed as drought. Although 

droughts are still unpredictable, they are a recurring feature of the 
climate(Ray Sinha, 2006). Closely related with precipitation, droughts 
are largely determined by complex climatic systems at global, regional 
and local levels. Therefore, drought varies with regard to the time of 
occurrence, duration, intensity, and extent of the area affected from 
year to year (Ogallo, 1994; Oliver and Hidore, 2003;Ray Sinha, 2006).  

Environmental changes, namely climate change, land-use/land cover 
changes and natural resource degradation have aggravated drought 
occurrences and vulnerability, thus disrupting the normal socio-
economic settings (Gupta et al., 2011). With urbanization, the surface 
gets modified leading to alterations of heat exchange, water, trace 
gases, aerosols and the momentum between the land surface and 
overlying atmosphere (Crutzen, 2004). Increased temperature due to 

enhanced aerosol emissions and greenhouse effect is also found 
responsible for the changes in climatic mean and incidence of extreme 
events such as floods and droughts (Nicholls, 2004; Kharinet al., 2007). 
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If there is no moisture in the soil to evaporate, the incident solar 
radiation further contributes to raise the temperature which results in 
more prolonged and intense drought conditions (Trenberth, 
1999;Sheffield and Wood, 2008).  

The problems associated with droughts are shortage of drinking water 
and fodder, loss of crops, reduction in yields, increase in soil erosion 
and desertification which leads to malnutrition, health problems, 
economic destabilization, out migration, etc. (Sinha, 2000; Srinivasuluet 
al., 2002). The adverse effect of drought impact thus encompasses the 

environmental, economic and social domain.  

Over urban areas, the productivity and efficiency of major water using 
sectors such as industries, mining, hydroelectric power, domestic and 
public supply etc. get reduced during droughts. Shortage of drinking 
water, reduction in the quantity of other domestic and public water 
supply, drying up lawns, plants and trees at recreational health parks 
and green spaces, water stress on other vegetative cover, lowering 
water levels or drying up of wells and water ponds, increased 
dependency on deep bore wells, increased dependency on municipal 
water supply and sometimes increased conflicts due to increased 
competition among water users, shortage of electricity etc. are some of 
the common problems over cities that arises due to drought. Increasing 

population and economic activities over cities increases the drought 
vulnerability.  

In the recent past decades, fast urban-industrial growth over Ranchi is 
responsible for bringing about large scale changes in the land use/land 
cover and thereby change in albedo. In addition, enhanced industrial 
and vehicular emissions are changing the atmospheric chemistry of the 
air at micro-level as greenhouse gases and aerosols are continually 
increasing. Besides, global level warming and resultant climate change 
may also be reflected in changing nature of droughts at local level. The 
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present study therefore attempts to detect the impact of these 
environmental changes upon the nature of droughts over Ranchi city. 
The study mainly focuses on understanding and relating the changing 
trends in the incidence, intensity, frequency and periodicity of droughts 
over time with changing natural environment.  

Study area 

Ranchi city is situated on the Chotanagpur Plateau and lies between 
23°14'58'' N to 23°25'34'' N latitude and 85°15'18''E to 85°24'15'' E 
longitude (Fig. 1). The average elevation of the city is 629 m above 
mean sea level. The long term mean annual maximum, mean annual 
minimum and the mean annual temperature of Ranchi calculated for 
the period 1901 to 2010 are 29.3°C, 18.1°C and 23.7°C respectively. 
Annual mean maximum temperature of Ranchi indicated warming 

trend during late 1970s till 2010 (Tigga and HemaMalini, 2011). The 
mean annual rainfall is around 1270 mm, which is largely (81 per cent) 
received during southwest monsoon season (June-September) and 
hence, Ranchi experiences fairly good amount of water surplus (about 
439mm) during this season. The normal water deficit is 240 mm which 
exists mainly during March to June months. Ranchi city normally 
experiences moist sub humid type of climate (Tigga, 2007). 

In Ranchi city, industrialization began since post-independence period 
(1955-1965). In the year 1961 the population of Ranchi city was 1.4 
lakh which grew to 2.55 lakhs in the year 1971 showing an increase of 
1.15 persons in a decade. Ranchi started functioning as the Head 
quarter of JAAC (Jharkhand Area Autonomous Council) since 1995, 
which finally became Jharkhand State in 2000.Ranchi is functioning as 
the State capital of Jharkhand since November 2000 and has registered 

tremendous growth of population, business and commerce, 
infrastructure, health, educational and other services that have caused 
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the expansion of built up area, construction of roads and parking places 
etc. on the expense of vacant, vegetated or cultivated areas. 

Database and Methodology 

The changes in the natural environment over Ranchi is assessed by 
changes in population size, built up area, number of industries, number 
of vehicles annually registered, seasonal variation in ground water 
availability and usages etc. The data related to these parameters have 
been collected from various secondary sources viz. documents, reports, 
journals, websites and newspapers. The study period is from 1971 to 
2010 i.e. for the past 40 years, but for population, industries and 
vehicles, recent data for the year 2011 or 2010-2011 has been used. 

To assess droughts mean monthly data on average temperature and 
rainfall for the period 1971 to 2010 were collected from India 

Meteorological Department (IMD), Pune and website of National 
Climatic Data Center (www.ncdc.noaa.gov). The water balance 
technique of Thornthwaite and Mather (1955) was used to derive 
aridity indices (Ia). Index of aridity (Ia) is the percentage ratio of water 
deficit to the potential evapotranspiration. To identify the drought 
year, standard deviation technique has been adopted. The positive 
departure of Ia from the median indicates drought years and vice versa. 
Droughts were categorized using the scheme proposed by 
Subrahmanyam and Subramaniam (1965) as shown in Table 1.  

Study of droughts on the annual basis does not indicate actual onset, 
progress and decay of droughts in a spell. Hence, cumulative deviation 
technique proposed by Subrahmanyam and Sastry(1969)has 
beenfollowed (Table 2). In this method, deviation of monthly water 
deficit from the climatic normal is computed and expressed as ratios of 

the normal annual water need in units of thousandths. This may be 
expressed as below: 
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Climatic Normal Water Deficit-Monthly Water Deficit 
Climatic Annual Water Need (PE)/1000 

These units are cumulated from an arbitrary origin i.e. zero and plotted 
against successive months. The cumulative mass diagram of the 
monthly water deficiency indicates the core period of drought by the 

steepest rise in the mass curve. The severity indices were calculated 
during the period of rise in gradients of the curve. Earlier studies were 
also made using this technique to understand the nature of drought 
spells (Hema Malini and Choudhury, 2010; TammiNaidu et. al., 2014).  

Results and Discussions: 

Changes in the natural environment due to urban-industrial 
growth: The area of Ranchi Municipal Corporation is 173 km2of 

which53 km2is agricultural and vacant land 
(http://jsac.jharkhand.gov.in/). The population of the city was 2.55 lakh 
in 1971, which rose to 1.1 million by 2011, showing more than fourfold 
increase in the population size over forty years period. During recent 
past decade i.e. from 2001 to 2011 the decadal growth rate of 
population was 30.5 per cent. The study revealed that the built up area 
of Ranchi has increased from 44.6 km2in the year 1971to 80.8km2 in the 
year 1996, to 108.1km2 in the year 2005 and to 124 km2 in the year 
2010 (Pandeyet.al., 2013).Nearly three times increased impervious 
surface (built-up area) is restricting the rain water to percolate down 

into sub surface layers to recharge the ground water.  

Further, there is a continuous increase in the emission of greenhouse 
gases from industries and vehicles over Ranchi which cause change in 
the atmospheric composition and thereby affecting the heating and 
cooling characteristics of the natural and man-made surface. Before the 
year 2000, the number of industrial units within the Ranchi Industrial 
Area Development Authority (RIADA) were 540. Until the year 2011, 
the total registered industrial units in the 7 industrial areas of Ranchi 
were increased sevenfold to 4066 (http://dcmsme.gov.in). Similarly, 
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number of vehicles registered yearly with Regional Transport Office of 
Ranchi are also increasing at a faster pace. In the year 1997 the total 
annual registration of vehicles were only 7,735, which increased to 15, 
905 by 2001, to 28,786 by2004 (http://Jnnurm.nic.in) and to 60,639 
during 2010-2011 (http://ranchi.nic.in/transport).  

Furthermore, to accommodate increased population, several multi-
storied buildings with deep bore wells have come up that pump 
unlimited ground water. As reported by the Director, Directorate of 
Groundwater and Minor Irrigation, Jharkhand, rapid urbanization is 
the main reason for the drastic fall in the water table. Kanke dam of 
Kanke block which is the main source of water supply to several parts 

of urban Ranchi, has been overexploited by 122.44% in the year 2009 
(http://timesofindia.indiatimes.com). Study conducted by Central 
Ground Water Board during the year 2006 indicated that the water 
level of Ranchi and its surrounding areas fluctuates from 0 to 6 meters 
below ground level (mbgl) during pre-monsoon to 0 to 4 mbgl during 
post monsoon season. Further, the study also revealed that deeper 
aquifers of Ranchi Urban area are showing declining trend of water 
levels(http://cgwb.gov.in). Therefore, drought situation may pose 
additional challenge to cope up the increasing demand of water in the 
city and needs to be understood for proper planningand management of 
water supply. 

Drought incidences and their categorization: Index of aridity is a 

powerful parameter to assess droughts of any region as it takes into 
account the amount by which atmospheric water supply fails to meet 
the atmospheric water need. Based on Table 1, the years with the 
positive deviation of Ia from the median values were identified as 

drought years and those years were categorized based on their types 
into various intensities. The graphical representation of departure of Ia 
from the median, clearly indicates years of drought or drought free 
(Fig. 2).During 1970 decade, two droughts with moderate intensity 
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(1974 and 1976) and one with severe intensity (1972) were identified. It 
is interesting to note that during this decade, drought used to persist 
just for a year and then followed by one or more drought free years. 
During 1980 decade, moderate droughts were identified in the years 
1984, 1988 and 1989, while large type of drought prevailed in the 
years1985 and 1987. In this decade, two drought episodes were very 
persistent. The first episode was with two years duration which existed 
from 1984 to 1985 and the second was with duration of three years i.e. 
from 1987 to 1989. The decade 1990 has experienced moderate type of 
drought in the years 1991, 1997 and 1999, while large type of drought 
occurred in the year 1992.The year 1993 experienced with severe type 

of drought. In this decade prolonged drought episode was just one 
which persisted for three years i.e. from 1991 to 1993 with gradual 
increasing intensity. Hence, it was noticed that the nature of drought 
incidence and persistence has changed from that of the decade 1970s to 
the decades of 1980s and 1990s as droughts occurred continuously for 
two or three years and then followed by one or more drought free years. 
In the recent past decade (2001-2010) the situation became much more 
acute as except in the year 2007, all the remaining nine years were 
under the grip of drought. Moderate drought prevailed in the years 
2003, 2004, 2006 and 2009, large type in the years 2001, 2005 and 2008 
and severe type in the years 2002 and 2010. In this decade persistent 
drought episodes were two in number. The first one occurred from 2001 
to 2006 and the second one from 2008 to 2010. Therefore, the first 
episode was of six years long and the second episode with three years 

duration. Only 2007 was identified as a drought free year (Fig. 2). The 
analysis thus revealed that the nature of drought incidences and 
persistence both have been changing over Ranchi as there is a 
phenomenal rise in the number of droughts across all types of 
intensities. 
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Drought Proneness: Different climates have different levels of 

drought occurrences. Regionsunder moist and humid climates are 
assumed to be less prone to droughts than the areas which experience 
dry and/or arid climates. Further, climate being variable in nature, 
drought proneness also varies with time. Drought proneness is the 
percentage ratio of total number of drought years to the total number 
of years under study. In order to understand the changing trends in 
drought proneness of Ranchi, decadal drought proneness according to 
their intensities have been computed and the results are shown in 
Table 3. The analysis of droughts indicated that out of the total 40 
years of study period, 22 years (55 per cent) were hit by droughts. The 
incidences of moderate droughts are more (57 per cent) over Ranchi 
than large (26 per cent) and severe (17 per cent) droughts.  

Decadal Frequency of droughts: The decade-wise incidences of 
droughts of various categories are represented in Table 3. The decade of 

1971-80 experienced only three drought years. During 1981-1990 and 
1991-2000 the number of drought incidences increased to five and 
during 2001-2010 the number increased to nine. The decadal increase 
in the incidence was observed in all categories of droughts. The decade 
2001-2010 was seriously affected by four moderate, three large, and two 
severe drought incidences. From the analysis it is also observed that the 
frequency of drought of moderate and severe intensity droughts has 
doubled whereas the overall drought frequency has tripled in the past 
40 years.  

The study revealed that the occurrence of drought is common in 
Ranchi, but the unforeseen increased frequency in the recent decades 
may be attributed to the environmental changes over Ranchi due to 
rapid urban-industrial growth which is disrupting the balance between 
hydrological and meteorological conditions of the region. 
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Drought spells: 

Because of sharp seasonal variation in rainfall distribution and the 
inconsistency in monsoon rainfall, it is imperative to understand nature 
of drought spells on monthly basis. The deviation of monthly water 
deficit from the normal is one important parameter to know the period 
and intensity by which water deficit conditions prevail. In order to 
formulate and adapt drought mitigation strategies, the knowledge of 
the nature of droughts is essential which include identification of the 
origin, duration, intensification and the decay of drought spells in a 
particular region. The intensity of drought does not remain static 
throughout the drought spells. The cumulative mass diagram helps in 
understanding life cycle of drought in terms of its intensity at its 
inception, progression and decay. It also enables to identify the core 

period of drought during drought spell. The cumulative mass diagram 
indicated two spells of Ranchi, one with the longest drought spell with 
very severe intensity between September 2001 to June 2002 (Fig. 3a) 
and the other small spell with disastrous intensity between January 
2010 to June 2010 (Fig. 3b) depicts the onset, progression, 
intensification and decay of drought during a spell (Fig. 3). Drought 
spells may be sometimes of one-two months of duration or may be 
prolonged for years. The number of drought spells that occurred in 
Ranchi city over the period 1971-2010 has been identified and their 
overall intensities were computed following the scheme of Cumulative 
Deviation method of Subrahmanyam and Sastry (Table 4).The 
observation revealed the changing nature of droughts of Ranchi city 
over the years. To highlight the differences, we have divided the time 
period of 1971-2010 into two equal halves i.e. 1971-1990 and 1991-2010 

periods.  

During the first half (1971-1990) seven drought spells were identified. 
Most of the droughts of this period originated in the month of October 
and decayed in the month of April or May. Only once drought 

9
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continued till June. Thus, the duration of most of the drought spells 
were of seven to eight months. Majority of the drought spells (4) were 
of moderate intensity followed by severe (2) and very severe (1) 
intensities.  

Contrasting to this, the second half (1991-2010) was hit by eleven 
drought spells indicating an increase in their frequency. Drought spells 
mostly began in October and lasted sometimes till April, some other 
times till May or June. Thus their duration was of seven to nine 
months, indicating an increased duration of their persistence when 
compared to the first half of the study period. Further it was noticed 
that once drought began a month ahead i.e.in September, rather than 

October. In another occasion, drought continued till July, i.e. a month 
more than the usual. Thus, in the second half of the study, there were 
two droughts spells spread for ten months. Although most of the 
drought spells were of moderate intensity (5), severe droughts occurred 
thrice, whereas very severe droughts occurred twice. Furthermore, 
Ranchi was once experienced disastrous nature of drought during this 
period. Besides, the analysis also revealed that during the first half of 
the study period June was under the threat of drought just once, but in 
the later period drought prevailed in June several times. Again, July 
and September which are the prime rainy as well as water surplus 
months of Ranchi are also under drought conditions.  

 Conclusion and suggestions: The study revealed that Ranchi is 

becoming more vulnerable to droughts. Prior to large scale 
environmental changes, Ranchi was mostly vulnerable to droughts with 
moderate intensity only. But with the rapid changes in the natural 
environment, Ranchi is under threat of not only frequent droughts of 

all intensities but also persistent droughts. This may pose challenge in 
drought prediction and implementation of mitigation measures. Water 
surplus months namely July and September are also threatened by 

10
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droughts, which used to be free from droughts in the past. Thus, the 
study revealed the imperiled status of water surplus over Ranchi.  

Since droughts mostly begin from October, whatever surplus rain water 
during south west monsoon months is available should be stored and 
utilized during drought spells. Increasing the green spaces, increasing 
vegetation along roads and residential areas,  increasing the numbers of 
water ponds to store surplus water, judicious use of water, restrictions 
or regulations for deep water boring, roof top rain harvesting 
mandatory for apartments and similar other huge buildings etc. may 
also be helpful in combating drought situation. 

References: 

1. Crutzen, P.J., 2004. New directions: The Growing Urban Heat and 
Pollution Island Effect-Impact on Chemistry and Climate, Atmos. 
Environ., 38, Pp. 3539-3540. 

2. Gupta, A. K., Tyagi, P. and Sehgal, V. K., 2011.Drought Disaster 
Challenges and Mitigation In India: Strategic Appraisal, Current 
Science, 100 (12), Pp.1795-1806.  

3. Hema Malini, B. and Chaudhuri, P., 2010. Drought Vulnerability and 
its implications on Agriculture in Orissa State, Punjab Geographer, 6, 
Pp. 1-15. 

4. Kharin, V.V., Zwiers, F.W., Zhang, X., and Hegerl, G. C., 2007.Changes 
in Temperature and Precipitation Extremes in the IPCC Ensemble of 
Global Coupled Model Simulations, Journal of Climate, 20 (8), 
Pp.1419-1444. 

5. Nicholls, N., 2004. The changing nature of Australian droughts, 
Climatic Change, 63,Pp.323-336. 

6. Ogallo, L.A., 1994. Drought and desertification: an overview, WMO 
Bulletin, 43(1), Pp.18-21. 

7. Oliver, J. E. and Hidore, J.J., 2003. Climatology- An Atmospheric 
Science, Pearson Education (Singapore) Ptc. Ltd, P.177. 

8. Pandey, A.C., Kumar A. and Jeyseelan A.T., 2013.Urban built up area 
assessment of Ranchi Township using Cartosat-1 Stereopairs Satellite 
Images, J Indian Soc Remote Sens, 41 (1), Pp.141-155. 

9. Ray Sinha, K. C., 2006. Role of Drought Early Warning Systems for 
Sustainable Agriculture Research in India. IMD, Pune, Pp.131–146.  

11



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY EDUCATIONAL RESEARCH 

ISSN : 2277-7881; IMPACT FACTOR - 2.735; IC VALUE:5.16 
VOLUME 3, ISSUE 9(4), SEPTEMBER 2014 

 

 

 

10. Sheffield J. and Wood, E. F., 2008.Projected Changes In Drought 
Occurrence Under Future Global Warming From Multi-Model, Multi-
Scenario, IPCC AR4 Simulations, ClimDyn, 31, Pp.79-105. 

11. Sinha, J. K., 2000. Droughts: causes and remedies, Kurushetra, 
,48(12), Pp. 29-33.  

12. Srinivasulu, K., VenkataRao, P. and Adinarayana, M., 2002.Drought 
management techniques for dryland development, Kurushetra, 50(11), 
Pp.32-34. 

13. Subrahmanyam, V.P. and Subramaniam, A.R., 1965. Some 
characteristics and frequencies of occurrence of droughts in dry 
climatic zones of India, Bull. Inter. Asson. Sci. Hydrol., IUGG, 
XeAnnee., 3,Pp.31-37. 

14. Subrahmanyam, V.P. and Sastri, C.V.S., 1969. A Study of Aridity and 
Droughts at Visakhapatnam, Annals of Arid Zone, 8 (1), Pp.18-22. 

15. Tammi Naidu, G., Tigga, A., and HemaMalini, B., 2014. Vulnerability 
Assessment of Agricultural Droughts in Adilabad District, Andhra 
Pradesh, India, The Blue Earth, 2 (4), Pp. 35-47. 

16. Thornthwaite, C. W. and Mather, J.R., 1955.The Water Balance, 
Centerton, N. J., Laboratory of Climatology, Publications in 
Climatology8 (1), Pp.1-104. 

17. Tigga, A., 2007. Applicability of water balance technique in eco-
climatic studies of Jharkhand, unpublished Ph. D. Thesis submitted to 
Andhra University, Pp.16-54.  

18. Tigga, A. and HemaMalini, B., 2011. Temperature Trends in Ranchi 
City, Jharkhand, Punjab Geographer, 7,Pp.20-31. 

19. Trenberth, K. E., 1999. Nat. Implications, Environ change, 5, Pp2-15. 
Internet Websites Retrived 

20. http://www.ncdc.noaa.gov/oa/mpp/freedata.html#FREEAccessed on 
08.08.2011 

21. http://jnnurm.nic.in/nurmudweb/toolkit/RranchiCdp/Infra-UT.pdf 
Accessed on 13.02.2011 

22. http://jsac.jharkhand.gov.in/Report_PDF/RUIS/RUIS_f.pdfAccessed on 
31.07.2014 

23. http://dcmsme.gov.in/dips/DIPS%20Ranchi.pdfAccessed on 31.07.2014 
24. http://cgwb.gov.in/District_Profile/Jharkhand/RANCHI.pdfAccessed on 

31.07.2014 
25. http://ranchi.nic.in/transport.htm#tran5, Accessed on 07.08.2014 
26. http://timesofindia.indiatimes.com/city/ranchi/Water-crisis-looms-over-

Ranchi/articleshow/18980369.cms Accessed on 07.08.2014 
 

 

12



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY EDUCATIONAL RESEARCH 

ISSN : 2277-7881; IMPACT FACTOR - 2.735; IC VALUE:5.16 
VOLUME 3, ISSUE 9(4), SEPTEMBER 2014 

 

 

 

Table 1.Scheme of Drought Identification and Categorization to 
Various Intensities. 

Departure of Ia from median  Drought Categories  

Below ½ σ Moderate 

½ σ to σ Large 

σ to 2σ Severe 

 Over 2σ Disastrous 

Source: Subrahmanyam and Subramanian, 1965 

Table 2. Drought intensities based on Cumulative Deviation method. 

Severity Index Drought Category Symbol 

Below 20 Moderate M 

21 to 30 Severe S 

31 to 40 Very Severe VS 

Above 41 Disastrous D 

Source: Subrahmanyamand Sastri, 1969 

Table 3. Ranchi: Drought frequencyand pronenessaccording to 
intensities(1971-2010) 

Period Moderate  Large  Severe  Total  Drought 
Proneness 
(%) 

1971-1980 2 ---- 1 3  30 
1981-1990 3 2  ---- 5  50 
1991-2000 3 1 1 5  50 
2001-2010 4 3 2 9  90 
Total  12  6   4  22  55 
Drought Proneness 
(%) 

57 26 17 55  

Source: computed by authors 
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Table 4.Drought spells over Ranchi during 1971-2010 

Drought  Spells  Duration 
(Months) 

Severity 
Index  

Category  

1976 October to 1977 6 18.6 Moderate 

1979 October to 1980 7 8.8 Moderate  

1982 October  to 1983 7 6.2 Moderate  

1984 March to 1984 3 34 Very 

1985March to 4 25 Severe 

1987 October to 1988 8 13 Moderate 

1988 October to 1989 7 23.3 Severe  

1992 October to 1993 10 25.8 Severe  

1996 October to 1997 8 19 Moderate 

1999 January to 1999 4 35.5 Very 

2001 January to 2001 5 12.4 Moderate 

2001 September to 10 29.5 Severe  

2005 April to 2005 3 32 Very 

2005 October to 2006 7 16 Moderate 

2006 October to 2007 4 11.5 Moderate 

2007 October to 2008 8 18.5 Moderate 

2008 October to 2009 7 24 Severe  

2010 February to 5 49 Disastrous 

Source: computed by authors 
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Fig. 1.Location of Ranchi City in India. 

  

15



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY EDUCATIONAL RESEARCH 

ISSN : 2277-7881; IMPACT FACTOR - 2.735; IC VALUE:5.16 
VOLUME 3, ISSUE 9(4), SEPTEMBER 2014 

 

 

 

 

Fig. 2 Drought years and their categories over Ranchi City 
(1971-2010). 
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