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The discovery of heavy oil in the Bikaner–Nagaur  
basin of Rajasthan in western India in reservoirs of 
Neoproterozoic age during the early nineties was one 
of the most significant events in the history of oil and 
gas exploration in India. Recently, discovery of heavy 
oil in the Punam Structure in the same basin has re-
confirmed the hydrocarbon potential of the basin and 
has regenerated tremendous interest in exploration 
activities. Another significant factor that enhances  
exploration interest and hydrocarbon prospectivity of 
this basin relates to the fact that the Indian Mesopro-
terozoic and Neoproterozoic sedimentary basins share 
similar tectonic settings and depositional environ-
ments as their producing counterparts elsewhere 
(Oman, China, Siberian Platform, North Africa, Aus-
tralia and so on). In this study, geochemical charac-
terization of the heavy oil from Punam-X has been 
carried out for determining the source, maturity and 
extent of biodegradation using established biomarker 
ratios. Organic geochemical studies on the heavy oil 
from Punam-X indicate that the oil was generated in 
an anoxic hypersaline environment from marine  
clastic source rock. The oil is found to be generated 
from early mature source rock. Gas chromatograph 
analysis of the oil shows that it has also undergone 
some degree of biodegradation. Various similarities 
have been found between the Punam-X oil and other 
heavy oils of similar age found in Oman, Pakistan and 
in the adjoining areas in the Bikaner–Nagaur basin. 
 
Keywords: Bikaner–Nagaur, Infra-Cambrian, neopro-
terozoic, petroleum geochemistry, Rajasthan basin. 
 
UNCONVENTIONAL oil and gas, including heavy oil is 
widely acknowledged as an important component of global 
petroleum resource. Current estimates indicate that these 
resources are several orders of magnitude more abundant 
than conventional oil. During the early nineties, the explo-
ration for hydrocarbons in Bikaner–Nagaur basin in  
Rajasthan by Oil India Limited resulted in the discovery of 
heavy oil in Baghewala-1 well within Jodhpur sandstone 
of Neoproterozoic age. This was the first discovery of oil 
in rocks of late Proterozoic age in Indian sedimentary  
basins. Consequently, there was an increased interest in 
Baghewala and adjoining areas of Bikaner–Nagaur basin 
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in terms of hydrocarbon prospectivity and exploration. 
Sustained exploration in the basin resulted in the discovery 
of heavy oil in Punam-X well in 2012 (ref. 1). The Punam 
structure, which is a fault closure, is about 10 km north-
east of Baghewala discovery well (Figure 1). The well, 
Punam-X was drilled to a final depth of 1297 m within 
Malani volcanics. While drilling at a depth of 1231 m 
within Jodhpur sandstone, surface indications of heavy 
oil were obtained. The presence of heavy oil was estab-
lished during wireline formation testing (MDT). The 
Punam-X well encountered 29 m gross thickness of Jodh-
pur sandstone and is correlatable with the wells of 
Baghewala. The objective of the study is to highlight the 
continued discoveries of heavy oil in the basin in new 
structures and the possibility of finding more deposits of 
conventional and unconventional oil through intensive 
exploration, by analogy with basins of similar geologic 
setting and age, and to the oils derived from carbonate–
evaporite facies of the Infracambrian Huqf Group in the 
eastern flank province of southern Oman. This study is an 
attempt to achieve this objective by the application of or-
ganic geochemistry, particularly biomarker analysis of 
the heavy oil. 
 Rajasthan basin forms the eastern flank of the Indus 
Geosyncline and comprises the sedimentary tract to the 
west and northwest of Aravallis up to Indo-Pakistan border. 
This basin is classified as a Category-1 basin (onland) 
with established commercial oil and gas reserves. The total 
area of the basin is 126,000 sq. km and comprises three 
sub-basins namely Barmer–Sanchor (11,000 sq. km),  
Bikaner–Nagaur (70,000 sq. km) and Jaisalmer 
(45,000 sq. km). 
 Bikaner–Nagaur basin constitutes a Neoproterozoic–
Early Palaeozoic basin in the northwestern (NW) part of 
Peninsular Indian Shield. The tectonic setting of Rajast-
han shelf (Figure 2) comprises Bikaner–Nagaur, Jaisal-
mer and Sanchor basins. Structurally, Bikaner–Nagaur  
 
 

 
 

Figure 1. Location map of Punam structure (fault closure) in Bikaner–
Nagaur basin. 

basin is bounded in the east by Delhi–Aravalli fold belt 
and in the south, southwest by Pokhran–Nachna High, 
separating Jaisalmer basin and to the northeast lies the 
Delhi–Sargodha Ridge (P. C. Misra et al., unpublished). 
The basin slopes to north and northwest and merges with 
the Indus shelf. The Bikaner–Nagaur basin is probably an 
extension of the Proterozoic tectono-depositional system 
of Arabian basement highs trending meridonal to submer-
idonal faulting with longitudinal basin lows depositing 
maximum sediments of around 2100 m. The prominent 
east–west basement high trend acts as a structural trap for 
(a) clastic–carbonate system (Neoproterozoic–Cambrian) 
and (b) clastic dominant system (post-Devonian), in this 
basin. The synrift clastic–carbonate system is correlated 
to the Salt Range of Punjab Basin and Harmuz of Gulf. 
 A large number of oil and gas fields, including giant 
ones, have been discovered in the Neoproterozoic of the 
Siberian Platform and Oman2. Further, increasing atten-
tion is being given towards exploration of deeper and 
older plays in North Africa3. This emphasizes the need 
for more extensive hydrocarbon exploration in the Neo-
proterozoic of the Punjab Platform and Rajasthan basin. 
In 1958, the first exploratory well, Karampur-1 drilled in 
the Punjab Platform discovered heavy oil in Neoprotero-
zoic. Karampur-1 heavy oil from Salt Range is inter-
preted to be geochemically similar to Baghewala oil4,5. 
 The palaeogeographic reconstruction (Figure 3) for 
Neoproterozoic and Cambrian indicates that the restricted 
marine evaporite deposits (Salt Range) of NW India  
(Bikaner–Nagaur basin, Rajasthan), Pakistan and southern 
Oman (Huqf basin) were in close proximity to each other 
on a broad carbonate shelf along the northern margin of 
Gondwanaland during the Neoproterozoic6. 
 In Bikaner–Nagaur basin, Jodhpur sandstone consti-
tutes the principal reservoir facies, and is lithologically 
coarse-grained, cross-bedded and rippled; and was depo-
sited in coastal plain channels oriented oblique to shore-
line and tidal flat to coastal plain fine-grained sand–shale  
 
 

 
 

Figure 2. Structural map of western Rajasthan (after Misra et al., un-
published). 
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Table 1. Generalized stratigraphy of Bikaner–Nagaur basin 

Age Formation Thickness (m) Lithology 
 

Quarternary Recent Alluvium/Shumar 70–95 Fine to medium grained sand 
 Pleistocene 
 

Tertiary Eocene Palana and Marh 20–110 Clayey limestone and dark grey claystone 
  Palaeocene 
 

Mesozoic Cretaceous Parh equivalent 30–35 Dark grey claystone and sandstone 
 Jurassic Jaisalmer + Lathi 290–380 Red claystone and ferruginous sandstone with  
  Triassic    minor coal 
 

Paleozoic Permian Bap and Badhaura 58–70 Red yellow and grey claystone and silts with 
     conglomerate 
  Marwar Super Group 
   Neoproterozoic Upper carbonate 250–600 Laminated dolostone and limestone with red  
      claystone interbeds and occasional marl 
    Nagaur 150–300 Mottled claystone with siltstone, fine-grained  
      sandstone and minor dolostone 
    Hanseran Evaporite Group 140–150 Anhydrite, halite, claystone and dolostone 
    Bilara 50–120 Dolostone, fine-grained sandstone and reddish  
      brown claystone 

 
 

 
 

Figure 3. Gondwana margin Paleozoic and Neoproterozoic petroleum 
plays (reproduced with permission from J. Craig3). 
 
 
alternations deposited along the shoreline1. The generalized 
stratigraphic succession for the Bikaner–Nagaur basin1 is 
given in Table 1. 
 Thermal subsidence continued probably through the 
Neoproterozoic as indicated by the lagoon-tidal flat to  
restricted basin facies assemblage of Bilara and the Han-
seran Evaporite Group (HEG)1. The HEG is characterized 
by thick and widespread halite deposits in lower part and 
mixed clastic–carbonate in upper part; whereas Bilara 
Group represents mixed carbonate and clastic sedimen-
tary succession. In general, Jodhpur, Bilara and HEG 
have been deposited in fluctuating shoreline to low order 
regressive environment, controlled by tectonic topogra-
phy in a range of coastal plain to tidal flat setting1. These 
successions have rich organic matter of high quality 
cyanophycean (stromatolites, acritarchs and filamentous 
algae) affinity that is proven to be high quality (Type I) 
source material for hydrocarbon generation7. 

 A number of geochemical similarities for the Baghewala 
oil have been reported4 with distinctive features of the 
Huqf-sourced oils, including a strong predominance of 
C29 steranes, diasteranes and monoaromatic (MA) ster-
oids, a very negative stable carbon isotope ratio (–32‰), 
a low pristine/phytane ratio (0.9), low diasteranes, low 
API gravity (17.6) and high sulphur (1.2%). The study 
concluded that Baghewala-1 oil is non-biodegraded, and 
thermal-maturation dependent biomarker ratios indicate 
generation from the source rocks within the early oil win-
dow4. Age-diagnostic and source-dependent biomarkers 
indicate that the oil originated from algal and bacterial 
organic matter with no higher plant input in Neoprotero-
zoic, carbonate-rich Type II-S source rock deposited  
under anoxic marine conditions. These characteristics 
support a local origin of the Baghewala-1 oil from  
organic-rich laminated dolomites in the Bilara Formation. 
 An independent study8 also concluded that the bio-
marker distribution and carbon isotope data in the present 
oil samples share good amount of resemblance to the  
patterns obtained from Oman Huqf oil and East Siberian 
oil. 
 The Huqf oils are those that have been correlated to 
known Huqf source rocks and are characterized by a strong 
C29 sterane predominance and very light carbon isotope9. 
Heavy oil and bitumen shows in Neoproterozoic and 
Cambrian reservoirs from few wells drilled in Punjab Plat-
form have been reported and their presence may be  
attributed to the two possible explanations; firstly that  
organic matter has been converted to oil but not into 
lighter oil due to the absence of appropriate thermal regime; 
secondly, that oil generation takes place in close contact 
with reservoir5. Their study of vitrinite reflectance data 
indicates that Neoproterozoic was present in early oil 
generation window. Type II-S kerogen has an additional 
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Table 2. Crude oil properties of oil from western Rajasthan, Oman and Pakistan (data for Oman and  
 Karampura-1 from Ahmed and Alam14) 

Crude properties Baghewala wells Punam-X Oman Karampura-1 
 

API 14–19 20 25–30 – 
Resins + asphaltenes 22 46.8 – – 
Viscosity (cP) (at 50C) 21,530–26,600 13,650 – – 
 13C/ 12C (‰) –32 –33.7 –36.0 –36.0 
Pr/Ph 0.9 0.68 <1 <1 
C29 sterane Predominant Predominant Predominant Predominant 

 
 

 
 

Figure 4. Bivariate plot of pristine/phytane versus dibenzothiophene/ 
phenanthrene. 

 
 

 
 

Figure 5. Plot of pristine/phytane and steranes/hopane for oil from 
Punam-X. 
 
complement of weak bonds association with bound sul-
phur10. The preferential cleavage at weak sulphur linkages 
tends to produce larger fragments, leading to high initial 
amounts of asphalts, resins and sulphur-rich aromatics 
together with smaller amounts of saturated hydrocarbons. 
 A sample of heavy oil obtained during production test-
ing was used for the analysis. Saturated hydrocarbons, 
aromatic hydrocarbons, resins and asphaltenes were sepa-
rated from a typical crude oil of 31 API, using medium 
pressure liquid chromatography (MPLC) method of 
Radke et al.11. 

 A volume of 1 l of 1% Punam-X oil was injected to a 
Agilent 6890N Gas Chromatograph (GC) equipped with a 
30 m  0.25 mm  0.25 m RTX1 fused silica capillary 
column. 1 l of 1% crude oil solution in dichloromethane 
was injected to the GC. The GC was programmed as con-
stant injector temperature at 300C with 4.206 : 1 split ratio, 
column temperature programmed from 80C with 1 min 
hold time to 300C with 5 min hold time at 20C/min. 
heating rate, detector temperature was kept at 300C.  
Total time of analysis was 17 min. 
 For the GC–MS analysis, 1 l of 1% Punam-X oil (satu-
rated hydrocarbons or aromatic hydrocarbons fraction) 
was injected to a Thermo Trace Gas Chromatograph con-
nected to a Thermo DSQ mass spectrometer. The GC col-
umn used was RTX-1 (60 m  0.25 mm i.d., 0.25 m film 
thickness) and the oven temperature program was 50C 
(3 min) to 100C at 25C/min (0.0 min) again from 
100C to 300C (20 min) at 2C/min. The GC conditions 
were: split injector 300C; split flow 20 ml/min; split ratio 
20 : 1; carrier gas He at constant flow; transfer line 300C, 
carrier flow rate 1 ml/min. The MS operating conditions 
were: ion source 200C; SIM mode. Total time of analysis: 
130 min. 
 The Punam-X oil is characterized by a saturate, aro-
matic, resin and asphaltene contents of 26.4%, 26.8%, 
12% and 34.8% respectively. Biomarkers present in the 
heavier and middle fraction of oil have been used to  
determine the depositional environment and the source 
input for the source rocks from which the oil is derived. 
 Pristane to phytane (Pr/Ph) ratio is a commonly used 
parameter for depositional environment. Pr/Ph ratios  
>3.0 have been described for terrestrial input deposited 
under oxic conditions and low Pr/Ph ratios, i.e. < 1 indicate 
anoxic/hypersaline or carbonate environment, whereas 
Pr/Ph ratio 1 to 3 has been associated with marine oxic/ 
dysoxic conditions12,13. The pristane/phytane ratio for the 
oil is less than 1 (0.6) implying that the oil has been gen-
erated from source rock deposited under anoxic condi-
tion. Selected crude oil parameters14 comparing the 
Rajasthan, Oman and Karampura-1 crude oil is presented 
in Table 2. 
 The ratio of dibenzothiophene to phenanthrene (DBT/P) 
is an indicator of source rock lithology. The DBT/P ratio 
>1 indicates a carbonates type facies, whereas DBT/P  
ratio <1 indicates a marine shale type lithology15. DBT/P 
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was measured from GC–MS analysis of the aromatic 
fraction whereas Pr/Ph ratio was determined from GC 
analysis of crude oil. The Pr/Ph ratio < 1 and DBT/P < 1 
for Punam-X oil indicate anoxic hypersaline (lacustrine) 
depositional environment with marine shale type litho-
logy of source rock (Figure 4). 
 The oil has high steranes/hopane ratio (1.68), which is 
an indicator of marine depositional environment16. A cross-
plot of Pr/Ph and steranes/hopane (Figure 5) shows that 
the oil has been generated from a marine source rock  
deposited under anoxic environment. 
 Presence of significant quantities of gammacerane in 
the oils indicates that the source rock for the oil was  
deposited under highly reducing, hypersaline condi-
tions17,18. The gammacerane index (gammacerane/hopane) 
for the oil is 0.1. Thus, the oil has generated from a marine 
source rock that was deposited under reducing, saline 
 
 

 
 

Figure 6. Distribution of C29, C30 and C31 hopanes for oil from 
Punam-X. 

 
 

 
 

Figure 7. Plot of Ts/Tm and C29 Ts/Tm for oil from Punam-X. 

conditions. Presence of C30 steranes in oils in unequivo-
cally linked to their marine origin16. C30 sterane has been 
identified to be present in this oil confirming its marine 
origin. Distribution of C29, C30 and C31 hopanes (Figure 6) 
also shows that the oil is derived from marine shale19. 
 The maturity of oil was determined using biomarkers 
present in the heavier fraction of oil. Ts/Tm is a maturity 
parameter based on the ratio of isomers of C27 hopanes, 
viz. C27 trisnorneohopane (Ts) and C27 trisnorhopane 
(Tm). This ratio is applicable from low maturity to peak 
maturity to high maturity of oils20,21. Similarly, C29 
Ts/Tm ratio is based on C29 norneohopane (C29 Ts) and 
C29 norhopane (C29 Tm) and has a similar applicability22. 
A bivariate plot of Ts/Tm versus C29 Ts/Tm (Figure 7) 
shows that the Punam-X oil is in early mature stage. 
 With increasing maturity, C30 moretane is converted to 
C30 hopane and C29 normoretane is converted to C29  
norhopane. The ratios hopane/(hopane + moretane) and 
norhopane/(norhopane + normoretane) are useful matur-
ity parameters in immature to early mature range23,24. The 
values for these maturity parameters are 0.87 and 0.88 for 
hopane/(hopane + moretane) and norhopane/(norhopane + 
normoretane) respectively, which implies that the oil is in 
early mature stage (Figure 8). 
 The ratio 22S/(22S + 22R) C32 hopane is a maturity  
parameter applicable for immature to early mature range24. 
This ratio is 0.58 for Punam-X oil indicating that the oil 
is in early mature stage. 
 The maturity parameters based on isomers of C29 sterane, 
20S/(S + R) and iso/(iso + reg) steranes are very reliable 
maturity parameters that are widely used. They are appli-
cable in immature to peak mature range25,26. A bivariate 
plot of these parameters shows that the Punam-X oil is in 
early mature stage (Figure 9). 
 

 
 

Figure 8. Maturity equivalence for hopane and sterane maturity  
parameters. 
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Figure 9. Plot of C29 iso/(iso + reg) and 20S/(20S + 20R) steranes for 
oil from Punam-X. 

 
 

 
 

Figure 10. GC fingerprint of Punam-X oil. 
 
 
 The maturity of oil can also be determined using aro-
matic compounds present in the middle fraction of oil. 
Methyl phenanthrene index (MPI) is a very reliable pa-
rameter that is applicable over a wide range of maturity. 
The correlation between MPI and equivalent vitrinite  
reflectance of the source rock at the time of generation of 
oil is also well-developed27. The equivalent vitrinite  
reflectance (Rc) for Punam-X oil is 0.71 which again 
confirms that the oil is in early mature stage. Low matur-
ity oils are heavier and more viscous than high maturity 
oils. The fact that early maturity oil can be heavy is well-
acknowledged28. However, in the Proterozoic successions 
in China29, hydrocarbon formed early is heavy oil with 
low maturity, a large proportion of which is ‘self-
storage’. It, therefore, follows that there could be signifi-
cant deposits of autochthonous heavy oil within the 
source rocks in the Bikaner–Nagaur basin. In a study of 
heavy oils and tar sands in China30, for oils having the 
same specific gravity, the viscosity of low maturity heavy 
oil is higher than high maturity heavy oil. However, 
based on limited data from two wells, there seems to be a 
contrary trend for oils from the Bikaner–Nagaur basin 

(Table 2). Further studies are being undertaken for a bet-
ter understanding on the generation and post-depositional 
changes related to heavy oil in the basin. 
 The presence of heavy oils in reservoirs is mostly related 
to the secondary processes such as biodegradation, water 
washing and phase separation. A number of commonly 
used parameters have been used to assess the extent/level 
of biodegradation in Punam oil. GC analysis of saturated 
part of Punam-X crude oil shows presence of only iso-
prenoid compounds (Figure 10) with substantial unre-
solved complex mixture (UCM). This indicates that this 
oil has been biodegraded and the remaining fraction has 
become enriched by the high molecular weight of unre-
solved components. 
 Since isoprenoids such as pristane and phytane are still 
present and biomarkers such as sterane and hopane have 
been preserved, the oil is moderately biodegraded, 
equivalent to 4 on a biodegradation scale of 1 to 10 deve-
loped by Peters et al.16. 
 In conclusion, organic geochemical studies on the 
heavy oil from Punam-X indicate that the oil was generated 
in an anoxic hypersaline environment from marine clastic 
source rock. The oil is found to be generated from early 
mature source rock. GC analysis of the oil shows that the 
oil has also undergone some degree of biodegradation. 
Various similarities have been found between the Punam-
X oil and other heavy oils of similar age found in Oman, 
Pakistan and in the adjoining areas in the Bikaner–
Nagaur basin. 
 The Neoproterozoic–Cambrian rift basins in western 
India, Pakistan, southern Oman and South China were in 
close proximity during the Neoproterozoic. The existence 
of proven Neoproterozoic–Cambrian petroleum systems 
in South China, Oman, Pakistan and Western India and 
the fact that there are petroleum systems with giant and 
supergiant fields in some of these provinces provides a 
major source of encouragement and optimism for intense 
exploration for conventional as well as unconventional 
oil in such basins in India. 
 Three key elements31 appear to be important for the 
development of effective Neoproterozoic–Cambrian petro-
leum systems, viz. 
 
 Relative tectonic stability since deposition of the 

Neoproterozoic–Cambrian succession. 
 Relatively late phase of hydrocarbon maturation and 

generation. 
 Presence of an effective seal (typically evaporites). 
 
The Bikaner–Nagaur basin is characterized by the pres-
ence of all the above key elements. Further, the possibility 
that commercial prospects for unconventional hydrocar-
bon resources such as shale oil and autochthonous heavy 
oil preserved in the source units could exist in this basin 
as well as other Proterozoic basins of India, provide in-
centives for aggressive and intensive exploration for oil 
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and gas in the Neoproterozoic basins of India. The hydro-
carbon prospects of Indian Proterozoic basins is fairly 
well-documented. According to Ojha32, the Infracambrian 
petroleum system appears to be prevalent throughout 
Gondwanaland and not just confined to the ‘Northern 
Rim’ of defragmented Gondwanaland. In peninsular  
India, the Bikaner–Nagaur, Vindhyan, Cuddapah, Chat-
tisgarh, Bastar, Bhima and Kaladgi are the most impor-
tant Proterozoic basins that have thick Neoproterozoic 
successions, in addition to the Palaeoproterozoic and 
Mesoproterozoic strata7. These successions have rich  
organic matter of high quality cyanophycean (stromato-
lites, acritarchs and filamentous algae) affinity that is 
recognized as high quality source material for hydrocar-
bon generation7. In various surface geochemical surveys, 
encouraging surface manifestations of hydrocarbons have 
been recorded33–36. While it is clear that Proterozoic  
basins, in general, appear to have favourable characteris-
tics that warrant detailed exploration efforts for finding 
conventional and unconventional fossil fuels, a detailed 
discussion on this aspect is beyond the scope of this 
communication. 
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Impact of rainfall variability on 
groundwater resources and  
opportunities of artificial recharge 
structure to reduce its exploitation in 
fresh groundwater zones of Haryana 
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Climate change likely to impact rainfall patterns lead-
ing to higher uncertainty and difficulties in manage-
ment of both water scarcity and flood events. 
Temporal trends of rainfall and its variability of Kar-
nal district, representing fresh groundwater zones of 
Haryana, were analysed by non-parametric Mann–
Kendall (MK) test and Sen’s slope approaches. Analy-
sis of long-term rainfall data (1972–2010) indicated 
that Karnal receives a mean annual rainfall of 
757.6 mm with a high degree of variation (CV = 
34.3%). Categorization of monsoon rainfall based on 
long-period average (LPA) and its CV indicates that 

during the last decade (2001–2010) Karnal received 
deficit rainfall in 6 years (18–57% lower than LPA), 
normal rainfall in 2 years and excess rainfall (9–70% 
higher than LPA) also for 2 years. The rainfall and 
rainy days during the last decade (2000–2010)  
decreased by 13% and 20% respectively, over long-
term (1972–2010) averages. The MK and Sen’s slope 
approach applied to pre- and post-monsoon ground-
water levels indicated significant declining trend  
emphasizing the need to augment groundwater by  
artificial groundwater recharge (AGR) system. AGR 
through recharge wells installed by CSSRI at village 
Nabiabad in Karnal districts resulted in 2.32 m and 
3.16 m rise in water table during 2009 and 2010  
respectively. Installation of artificial groundwater re-
charge in low lying areas has proven highly effective 
in enhancing groundwater and improve its quality. 
 
Keywords: Artificial groundwater recharge, Karnal, 
Mann–Kendall, rainfall. 
 
SCIENTIFIC evidence has demonstrated that the Earth is 
moving towards a point of no return, where imbalances 
brought about by climate change will have serious  
ecological impacts. Climate change is no more an envi-
ronmental concern. It has emerged as the biggest devel-
opmental challenge for the planet. Throughout the 21 
century, India and other countries in southeast Asia are 
projected to experience warming above the global mean. 
India will also begin to experience greater seasonal varia-
tion in temperature, with more warming in winter than 
summer1. The longevity of heat waves across India has 
extended in recent years, leading to warmer temperatures 
at night and hotter days and this trend is set to continue2. 
These heat waves will lead to increased variability in 
summer monsoon precipitation, with drastic effects on 
the agricultural sector in India3. 
 Rainfall is a climate parameter that affects the way and 
manner in which mankind survives. Apart from the bene-
ficial aspects, rainfall can also be destructive by playing a 
major role in natural disasters such as floods and land-
slides. Long-term trends of Indian monsoon rainfall for 
the country as well as for smaller regions have been stud-
ied by several researchers. It has been reported that the 
monsoon rainfall is without any trend, being highly ran-
dom in nature over a long period of time4. However, on a 
spatial scale, existence of trends was noticed5,6. Using the 
network of 306 stations and for the period 1871–1984, 
areas having increasing or decreasing trends of monsoon 
rainfall were identified6. 
 Karnal district lies in the Upper Yamuna Basin and 
70% of the net irrigated area is irrigated by groundwater. 
Despite greater use of new varieties and fertilizers, the 
current productivities of rice and wheat in Indo-Gangetic 
plains are showing stagnating trends7. Changes in the on-
set of monsoon and lack of contingency planning further 
complexes the farming process and ultimately affects its 


