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This study examines how farmers and local people of eastern Uttar Pradesh (UP) in the Indo-
Gangetic region of India perceive climatic change. This has been achieved by comparing the per-
ception and responses of people with available metrological and agricultural data in Allahabad 
district of UP. The outcomes of the study were also compared in terms of traditional and current 
weather descriptions which point towards a significant shift in age-old weather patterns and allied 
agricultural activities. Temperature and rainfall analysis of 108 years (1901–2008) envisaged  
remarkable similarity between perceptions and different agro-met data. Findings support irregu-
larities/variability in temperature and rainfall, altering seasonal patterns and unpredictability in 
anticipatory knowledge of traditional folklores that were some common surfacing attributes in con-
sequence of climate change. Favourable responses for different climatic effects/changes ranged 
from 30% to 100%. Substantial changes in land use and land cover were found to be of 25–100% 
for indigenous crops which also reflected quantum loss of agro-biodiversity. Changes in climate 
perceived by local people significantly favoured the results of the present study. 
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PEOPLE and their livelihoods are inextricably intertwined 
with climate and any meagre change in climate can affect 
them directly and/or indirectly. The impact of climate 
change is not directly visible in the plains compared to 
the hilly regions, but evidence suggests some potential 
impacts that are still unknown. There are significant envi-
ronmental responses to climate and human impact1, but to 
understand how humans would respond to climate 
change, it is essential to study people’s perception of cli-
mate and the environment in general2. Human expecta-
tions regarding weather and climate sometimes lead to 
the perceptions of climate change which is not supported 
by observational evidences3. Studies focusing on socio-
economic aspects of climatic change are sparse and have 
been almost exclusively restricted to evaluating the cli-
mate trends and drivers of climate change over different 
meteorological scales4–6. Furthermore, many studies only 
emphasized on evaluating the impact of environmental 
modifications on agricultural production7–11. Meanwhile, 
micro-level studies of the impact of climatic variability 
on livelihoods of people and their consequent responses 

are relatively few2,12 and are lacking from the Indo-
Gangetic region of India. 
 Enhanced understanding of perception of people in re-
lation to various environmental changes can contribute to 
scientific and policy discussions on climate change. In 
this connection there is a strong need to understand how 
people are experiencing and responding to climatic 
change, because these responses can attenuate or amplify 
the impacts13. People’s perception on climate change can 
be recognized as a critical contributor to environmental 
problems and possible solutions14,15. There are a few  
reports where people’s perceptions were studied to under-
stand the local-level effects of changing climate16. Per-
ceptions were also measured in different forms and 
dimensions to understand the level of awareness among 
different groups of societies and to analyse the risks asso-
ciated with the problems13,17–20. People’s fundamental  
beliefs, values and ethics have a deeper understanding of 
the ecological system that has been completely integrated 
with nature. Land use for agriculture, fisheries and  
forestry developed in a given ecological and socio-
economic–cultural setting is often based on traditional 
knowledge and technology21. In ancient times weather 
forecasting, sowing time of crop, nutrient requirement of 
crops, growth habit and other characteristics related to 
environment and agricultural activities were accom-
plished on the basis of experience and empirical knowl-
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edge22. Many of the intellectual and indigenous wisdom 
has been stated in folklores which provide the best docu-
mentation for indigenous knowledge system of weather 
and/or climate and related activities. 
 The main aim of the present study is to identify the im-
pacts of climate change in Indo-Gangetic Plain by exam-
ining local perceptions. It also tries to correlate them with 
the available climatological and agro-production data. 
The study also aims to identify the dimensions along 
which people distinguish and perceive climate change 
and the climatic characteristics that the local people have 
observed as having undergone a change. This study also 
tries to answer how local people perceived climate 
change and what types of tangible impacts are perceived 
in view of their agricultural practices and associated tra-
ditional wisdom. 

Materials and methods 

Study area  

The Indo-Gangetic plain is among the most extensive flu-
vial plains in the world and covers several parts of north-
ern, central and eastern states of India. The rice–wheat 
cropping system is prevalent here. The present study is 
centred in Allahabad district (2528N, 8150E), which 
is south-centrally located in Uttar Pradesh (UP) and situ-
ated at the confluence of Ganges and Yamuna rivers. The 
district is located in the Gangetic Plain close to the 
Tropic of Cancer. Allahabad has a population of more 
than 4 million, and is one of the most populous districts 
in UP. Due to its proximity to the Tropic of Cancer, the 
city experiences subtropical climate. It enjoys all the 
three distinct seasons – summer (April to June), monsoon 
(July to September), and winter (November to February). 
During summer, the temperature can be as high as 45C, 
coupled with high humidity. Nights are relatively cooler 
and temperature dips to about 30C. Torrential rains and 
high humidity are the salient features of the monsoon 
season that usually comes in late June or early July and 
last for about two months. On the other hand, winters are 
pleasant and temperature dips to as low as 5C. But, 
slight variations have now been observed in these general  
climatic conditions. The district is divided into 20 admin-
istrative blocks and there are mainly two growing seasons 
namely ‘rabi’ and ‘kharif’. Loamy-clay soil of the area is 
good for agriculture. Figure 1 shows a map of Allahabad 
district along with the 12 study areas. 

Data collection 

The study is based on data collected from the primary and 
secondary sources. For primary data collection, participa-
tory rural appraisal (PRA) tools were used. Data on  
perception, responses and local knowledge of climatic 

variability were collected through semi-structured inter-
views; the interviews were based on questionnaire and a 
checklist of issues which were adopted according to  
interview situations. These interviews were guided  
informally like conversations. Sensitive topics were ad-
dressed in one-to-one interviews with individuals; other 
topics of general concern were more amenable to focused 
group discussions and community meetings. Respondents 
were stratified as local farmers, landless workers, shep-
herds and herdsmen, local teachers and other aged people 
and these were randomly selected from 12 out of the 20 
administrative blocks of the district. From each selected 
block, 5 villages were again randomly selected in which 
5–15 respondents were interviewed. Thus from 60 vil-
lages, 540 respondents were sampled. Information on 
folksongs and folklores was also gathered. Secondary 
data on mean temperature and rainfall (1901–2008) were 
collected from India Meteorological Department and Air 
Force Station, Bamrauili, Allahabad district headquarter 
and production data of different crops (1991–2008) were 
collected from the district Agricultural and Statistical 
Department, Allahabad. 

Data analysis 

Secondary data collected from different sources were 
analysed by using Origin 6.1 statistical software package.  
 
 

 
 

Figure 1. Map of Allahabad district showing 12 study blocks.  
represents the study areas of the district. (Source: www.mapsof-
india.com, map not to scale.) 
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Table 1. Perceptions of different climatic change attributes and their responses in the study area 

 Responses 
 

Perceptions  Positive (%)  Negative (%)  Neutral (%) 
 

Understanding about the term ‘climate change’  30  45  25 
About winter 
 Quantum and duration of fog has decreased  100  – – 
 Winter duration reduced  100  –  5 
 Shivering (intensity of cold) during winter has decreased   90  10  – 
 Reduction in fireplaces during winter   70  20  10 
 March has become warmer compared to the past years  80  10  10 
 Hoarfrost (pala in local terms) and winter rains have declined   85  10   5 
 More intense sunlight during winter   90  10  – 
About summer 
 More sweat   90  10  – 
 More intense sunstroke   95  –   5 
 Increase in humidity   80  15   5 
 Stickiness condition of body   70   5  25 
 More prickly-heat during summer   75  15  10 
About monsoon 
 Increase in untimely rainfall   95   5  – 
 Decrease in intensity of rainfall   65  30   5 
 Decrease in durability and frequency of rainfall   70  25   5 
 No. of cloudy days has decreased   90   5   5 
About agricultural production 
 Decrease in the production of following crops: 
  Wheat (Triticum sp.)   60  40  – 
  Rice (Oryza sativa)   45  50   5 
  Barley (Hordeum vulgare)   80  10  10 
  Gram (Cicer arietinum )   90  10  – 
  Pea (Pisum sativum)   60  30  10 
  Lentil (Lens esculenta)   45  30  25 
  Pigeon pea (Cajanus cajan)   60  30  10 
  Mustard (Brassica sp.)   70  25   5 
  Linseed (Linum usitatissimum)   90  –  10 
 Changes in flowering, fruiting and harvesting time of the crops (especially wheat)   60  30  10 
 Occurrence of weeds has increased   75  20   5 
 Increased risk of crop failure   65  10  25 
 Increased attack of insect-pests and diseases resulting in reduced crop yield   60  30  10 
 Scarcity of fodder due to reduced production   70  30  – 
 Climate change has discouraged the farmers from growing traditional food crops   75  25  – 
 Use of fertilizers has increased   85 – 15 

Source: Field interview. 
 

Pearson’s product moment correlation (r) was used to  
express the relationships between different quantitative 
variables. Qualitative information obtained through pri-
mary data was analysed manually, and compared and  
interpreted to complement the quantitative information 
collected from secondary sources. Significance of the 
changes in temperature and productivity was analysed by 
Student’s t-test. 

Results and discussion 

Table 1 lists twenty-five key statements/responses after 
discussions and interviews with local people. Although 
only 30% of respondents were aware of the term ‘climate 
change’, 76% of respondents had positive perceptions 
about the statements of the effects of climate change.  

Decrease in quantum and duration of fog and reduction in 
total span of winter season were perceived by the locals 
(100%, n = 540). Moreover, 90% of respondents per-
ceived more intense sunlight during winter and decrease 
in intensity of cold compared to the past decades. Other 
responses for the changes perceived in reduction in fire 
places, warmer March month and reduction in hoarfrost 
were also between 70% and 85% (Table 1). These per-
ceptions were the outcome of changes during winter  
season which people experienced in their daily life like 
less shivering conditions, less use of warm clothing,  
meagre hoarfrost (‘Pala’ in local language) and lesser 
winter period.  
 Compared to winter, people had less perception about 
summer. They significantly reported (95%) intense sun-
stroke in recent years (Table 1). For summer, perceptions 
were based on effects of heat on the body, i.e. encroaching 
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heat for longer duration. However, people had greater 
perception for changes in rainfall conditions, as 95%  
of respondents perceived untimely rainfall and 90% of  
reported that the number of cloudy days during the rainy 
season has also decreased gradually. Other responses 
were also significant. The responses of effects on agricul-
tural activities were interesting. Changes in the winter 
season have effects on wheat production, as reported by 
60% of the respondents. Increased irrigation facilities and 
fertilizer use are the cause of good production, but many 
farmers reported uncertainties in wheat production and 
local people consider that sudden change in climate (es-
pecially decreasing length of winter period) during the 
growing season sometimes negates this. Although only 
45% of people perceived substantial reduction in rice pro-
duction, majority of respondents (90%) observed remark-
able decline in gram and linseed production. Moreover, 
45–60% of respondents reported decrease in production 
of pulses (pea, lentil and pigeon pea) compared to food 
grains and some oil crops (45–90%). Local people have 
strong perceptions about other marked effects of climate 
change as the response ranged from 60% to 85%. Signifi-
cance of the changes in temperature and productivity was 
analysed by Student’s t-test and these are statistically  
significant at 90% level. 
 From the various interview sessions, traditional 
weather descriptions were also documented to understand 
the changes in various climatic and agricultural phenom-
ena in different seasons (Table 2). Indian agricultural sys-
tems/activities have an inevitable relationship with 
traditional Indian calendar-months (Vikram Samvat is a 
popularly used Lunar calendar based on ancient Hindu 
tradition, which is 56.7 years ahead (in count) of the solar 
Gregorian calendar) since ancient times. The ideal condi-
tion described the traditional knowledge systems as a 
relatively accurate portrayal of local weather descriptions 
until 1980s, but people have now observed noteworthy 

variations in climate that have appeared in subsequent 
decades. While comparing the ideal conditions of 1980s 
with the present, a significant shift in traditional weather 
descriptions is observed. The findings reflected the sig-
nificant changes that have been taking place in regional 
agriculture and weather phenomena over the past 2–3 
decades and similar changes were also noted in the mid-
Himalayan ranges2. Remarkable shift was realized in the 
patterns of wheat cultivation. People also envisaged many 
changes in weather patterns which are shifting ahead 
from ideal conditions. 

Perceptions/evidences of climatic variations  

Temperature  

People perceived a significant change in temperature dis-
tribution and substantial reduction in winter season, 
which is now reduced and lasts from late December to the 
first week of February. Almost all respondents felt the 
changes in winter season (Tables 1 and 2) and onset of 
winter have shifted from the last week of October to  
mid-December. People have not seen dense fog for longer 
durations since the last 6–8 years. People have observed 
the effect of changes in temperature such as loss of hu-
man and animal life due to extreme high or low tempera-
tures, which is now more due to sunstroke than extreme 
cold. They have seen early drying up of wells, ponds and 
other seasonal water sources/bodies. They have also  
noticed changes in temperature distribution during some 
of their cultural events. People perceived changes in two 
major festivals, viz. ‘Deepawali’ [festival of lights usu-
ally celebrated in the month of Kartik (15 October–15 
November)] and ‘Holi’ [festival of colours usually cele-
brated during the month of Sravan (15 February–15 
March)]. In the past people used to celebrate these two 

 
 

Table 2. Traditional weather descriptions and changes perceived by local people 

Local term  Approximate period     Condition (ideal)      Condition (present) 
 

Magh  15 January–15 February  Maximum cold, fog with occasional rain  Cold with occasional fog, very less rain 
Falgun  15 February–15 March  Less cold (wheat harvest)  Very less cold (sometimes wheat sowing done) 
Chaitra  15 March–15 April  Spring with pleasant atmosphere, later half  Dry and warm (wheat harvest) 
   little warm   
Baishakh  15 April–15 May  First half dry, second half hot  Dry and very hot, stormy weather 
Jesth  15 May–15 June  Hot  Very hot and dry, sunstroke, stormy 
Aashadh  15 June–15 July  Onset of monsoon, rain, humid (paddy sown)  Very hot and humid, dry, delayed monsoon 
     (paddy sown) 
Sravan  15 July–15 August Rain  Very humid, less rain (paddy sown in first half) 
Bhadaun  15 August–15 September  First half rainy, second half clear  Rain, humid 
Kwar  15 September–15 October Clear, winter arrives in later half (paddy harvest)  Clear 
Kartik  15 October–15 November  Mostly clear with cool climate (wheat sown)  Clear (paddy harvest) 
Agahan  15 November–15 December  Winter arrives  Winter arrives in later half (wheat sown) 
Paush  15 December–15 January  First half cold, second half very cold with fog  Less cold, occasional fog or no fog 
     (wheat sown) 

Source: Field interview. 
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Figure 2. Average  maximum temperature (a) and average minimum temperature (b) (1901–2008) of Allahabad district with adjacent averaging. 

 
 

 
 

Figure 3. Comparison of temperatures in March, April and November in the last two decades (1989–98 and 1999–2008). 
 
 
festivals during the start and end of winter season respec-
tively. But now a significant shift has been observed; 
much less or no sign of winter during Deepawali and 
much warmer condition during Holi festival.  
 The changes in temperature can be comprehended by 
analysing trends in temperature of 108 years, 1901–2008 
(Figure 2). A rising and more unpredictable trend is evi-
dent after 1970s. Average maximum temperature (30 
years) was 32.46C, 32.71C and 32.79C during 1919–
1948, 1949–1978 and 1979–2008 respectively, clearly in-
dicating the rise in these periods. An evaluation of aver-
age maximum temperatures in decadal scale also gives 

rising trends as 32.30C, 32.78C and 33.28C during 
1979–88, 1989–98 and 1999–2008 respectively, that 
matched with the people’s perceptions. People now dis-
tinguish significant warming in March–April and in No-
vember compared to the past. The temperature of March 
and April in the decade 1999–2008 has been compared 
with the period 1989–1998. It shows warming trends in 
the last decade, and a similar trend has been observed in 
minimum temperature of November also (Figure 3). This 
signifies the perception of the people regarding these 
months being warmer in recent decades. People anticipate 
that a warmer year also results in severe cold and vice-
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versa and this can be correlated by trends in minimum 
and maximum temperatures which are opposite for the 
period of 1950s–70s and 1970s–80s. But after the late 
80s, both minimum and maximum temperatures are 
showing increasing trends (Figure 2). 
 However, trends in minimum temperature show more 
variations than maximum temperature. Though from 1901 
to 1960 it showed an increasing trend, after 1960s to mid-
1970s, a decrease in minimum temperature range was  
noticed. A gradual increase started after mid-1970s which 
became more inconsistent after 1990s. The average 
minimum temperature has also undergone an increase by 
0.26C during 1979–2008 (19.77C) in contrast with the 
average minimum temperature (19.51C) during 1949–
1978. Here, it is important to note that during 1979–2008 
the trend in the maximum and minimum temperatures is 
similar, where the maximum temperature increased by 
0.25% and minimum temperature by 0.26% compared to 
average maximum and minimum temperatures during 
1949–1978. This indicates that the rise is not only  
happening in the lower or upper ranges of temperature, 
but there is an overall increase. The rise in minimum  
temperature is also significant that also shows increasing 
trends on decadal scale, which is 19.42C, 19.78C and 
20.11C during 1979–1988, 1989–1998 and 1999–2008 
respectively. Both the perceptions and observational evi-
dences indicate that temperature distributions have un-
dergone a notable shift and are experiencing variations on 
a decadal scale, whereas an overall increasing trend in 
minimum and maximum temperatures in the last 30 years 
cannot be neglected in the region. The changes in tem-
perature are statistically significant at 90% level. 

Rainfall 

People perceived noteworthy changes in rainfall patterns 
(Tables 1 and 2); usually decrease in amount and durabi-
lity of rainfall and occurrence of unusual rainfall, i.e. one 
year good rainfall followed by abnormal rain the next 
year. Sometimes rainy season lasts till September, which 
causes damage to the maturing paddy crops. Colossal 
variations in total rainfall were fairly evident. From 1901 
to early 1960s, average total rainfall showed increasing 
trends (Figure 4), but afterwards considerable decrease is 
observed as reported by people and also by rainfall  
data analysis. After 1983, total rainfall was low compared 
to earlier decades. Average total rainfall was 962.35 mm 
during 1979–88, which decreased to 839.16 mm in 1989–
98 and 865.04 mm during 1999–2008. Figures 2 and 4 
indicate that the rainfall exhibits opposite trends with re-
spect to trends in maximum temperatures. During early 
50s to early 70s when maximum temperature shows in-
creasing trend, the rainfall shows exactly the opposite 
trend (decreasing). While during early 70s to early 80s 
rainfall shows increasing trends in contrast to maximum 

temperature during the same period. People of the region 
also substantiate this by reporting major droughts in early 
70s and a major flood in 1979–80 (Figure 4). Elderly 
people recalled major changes in rainfall by floods and 
droughts. They recalled 4 major floods and 3 major 
droughts in the last 50 years and rainfall data of the dis-
trict also supported their perception. Till 1965 this region 
faced 5 major floods and 4 major droughts in the last 65 
years, and then the increased inconsistency in rainfall re-
sulted in 3 major floods and 6 major droughts in just 43 
years after 1965 till 2008, with 3 most severe droughts 
reported earlier (Figure 4). The result indicates the in-
creased incidence of low rainfall (drought) and decreased 
incidence of high rainfall (flood) and thus the region 
seems to be more prone to drought conditions. Similar 
observations are also reported by Mertz et al.23 in Eastern 
Saloum, Senegal, where farmers described the climatic 
change impacts by means of many weather fluctuations 
and extreme events that occurred in the past. 

Agriculture 

The perceptions regarding the impact of climatic change 
on agriculture were comprehended by the allied impact of 
altered climatic stipulations on different crops. Patterns 
of changes described by farmers were closely associated 
with agricultural yield data of the study area. A trend of 
production (yield in q/ha) of different crops for 17 years 
was analysed and the results are as follows. 
 
Grains: Yield of major grains like wheat and rice was 
stable with variable productions (Figure 5). Wheat pro-
duction was more than that of rice during 1991–2008. 
While 60% of respondents perceived a decrease in wheat 
production, only 45% perceived a decrease in rice 
 
 

 
 
Figure 4. Total rainfall (1901–2008) of Allahabad district with adja-
cent averaging. 
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Figure 5. Yield of grains (1991–2008) in Allahabad district. Barley, Hordeum vulgare L.; Jowar, Sorghum bicolor (L.) 
Moench; Millet, Pennisitum typhoides L. (pearl millet); Rice, Oryza sativa L. (Kharif season); Wheat, Triticum sp. 

 
production. Results of yield per hectare show increasing 
rice production in the area. Although yield per hectare for 
these crops does not show much reduction, a slight de-
creasing trend is present in productivity of wheat. Major 
response in this category reporting decreased production 
of wheat (>50%) and rice (<50%) may be due to share of 
the major chunk of small farmers among the respondents 
having less access to basic agricultural activities like 
more irrigation and increased use of fertilizers and their 
greater reliability on weather. They report that regardless 
of using more fertilizers and proper irrigation, production 
is not up to their expectations. So it might be possible 
that their perceptions are framed according to their expec-
tations also in this case. It must be noted that the increas-
ing land coverage by these two crops and increasing use 
of fertilizers are also responsible for this trend. The per-
ceptions and production trends for other minor grains like 
barley, jowar and millet were similar. Barley and jowar 
showed steep decline in yield with 80% positive re-
sponse. Production of millet has also declined over the 
years, with few exceptions after 2000–2001 showing de-
creasing total production, but stable yield, and 70% of 
people perceived the declining production trends. Re-
spondents strongly pointed out that due to reduction in 
fog over the years and shrinking winters, growth of wheat 
plants is affected with reduced height of the plant shoot. 
This could lead to the reduction in productivity and dry 
forage. Local farmers were worried of losing their tradi-
tional varieties of wheat and rice. Productivity of rice was 
totally dependent on the rainfall and increasing irregulari-
ties in rainfall added to the miseries of farmers.  
 
Oil crops: On an average, 80% of people perceived re-
duction in production of some oil crops and their percep-
tions were closely linked and complemented the data 

trends (Figure 6). Some oil crops grown in the area are 
facing decline in production – groundnut, sunflower soy-
bean and ricinus, which possibly forced people to stop 
cropping these (Figure 6). The production of mustard, lin-
seed and sesame also declined sharply before 1997, but 
remained stable after 1997. Some respondents reported 
the suitability of current climate for sesame crop. Many 
farmers have started growing sesame in the region where 
availability of water is less. The data trend in the yield of 
sesame also shows sustained yield in the last few years. 
Enquiries were also made with people about the other 
possible causes for this sharp decline to understand 
whether such a change could be attributed to climate 
variability. Crop failures, reduction in the area under cul-
tivation, more labour and less production, higher invest-
ments and less benefits, less availability of seeds and the 
problems in marketing of products were some other rea-
sons. As production decreased, people started avoiding 
these crops which led to further decline in production.  
 
Pulses: People’s perception about the production of 
pulses coincided accurately with the trends obtained 
(Figure 7) as 90% envisaged decreasing production of 
gram, whereas 60% envisaged reduction in pigeon pea 
and pea. Many crops could be hardly sustained with rise 
in temperature, except some pulses like lentil, kidney 
bean and Phaseolus mungo which showed sustaining 
trends. Urad and moong are harvested in ‘jayad’ (Jayad 
or Zaid is an intermediate cropping cycles that include 
summer crop). Moth crop failed in 1991–92 and 1993–94 
and very low yield (Figure 7) and subsequently not 
grown. Although 45% of informants reported decreased 
production of lentil crop in the area, its yield data show 
somewhat increasing trends. It is possible because lentil 
is a less grown minor crop and many respondents may not
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Figure 6. Yield of oil crops (1991–2008) in Allahabad district. Ricinus, Ricinus communis L. (Castor); Groundnut, 
Arachis hypogaea Linn; Sunflower, Helianthus annuus L.; Soybean, Glycine max L.; Mustard, Brassica sp.; Linseed, 
Linum usitatissimum L.; Sesame, Sesamum indicum L. Note: Data points showing zero yield represent crop failure 
while no data points indicate no sowing of crop in that year. 

 
 

 
 

Figure 7. Yield of pulses (1991–2008) in Allahabad district. P. mungo, Phaseolus mungo L. (Urad); Kidney bean, 
Phaseolus vulgaris L. (K, kharif season, J, Jayad season); Lentil, Lens esculenta Moench; Moth, Vigna aconitifolia 
(Jacq.) Marechal; Gram, Cicer arietinum L.; Pea, Pisum sativum L.; Pigeon pea, Cajanus cajan L. Note: Data points 
showing zero yield represent crop failure while no data points indicate no sowing of crop in that year. 

 
have any idea about its productivity in the study blocks. 
This shows that somewhere these changes are not playing 
noticeable role for the production of pulses.  
 
Other crops: Trends for some other cash crops and fibre 
crops were also analysed; they appeared to be declining 
for hemp, sun hemp, turmeric, cotton, tobacco and sugar-

cane (Figure 8). Crop failures during 2001–2005 in to-
bacco and turmeric, and declining trends in yield of hemp 
and cotton are forcing farmers to avoid these crops which 
can be confirmed by the yield trends of the fibre crops 
(Figure 8). Production of potato gradually declined before 
1999, and a relatively stable production was noted in later 
years. Gradual reduction in yield (Figure 9) coupled with 
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Figure 8. Yield of fibre and carbohydrate crops (1991–2008) in Allahabad district. Tobacco, Nicotiana sp.; Tur-
meric, Curcuma sp.; Sunhemp, Crotolaria sp.; Hemp, Cannabis sp.; Cotton, Gossypium sp.; Sugarcane, Saccharum 
sp.; Potato, Solanum sp. Note: Data points showing zero yield represent crop failure while no data points indicate no 
sowing of crop in that year. 

 

 
 

Figure 9. Yield of traditional crops (1991–2008) in Allahabad district. Sanva, Echinocola frumentaceae Linn. 
(Barnyard millet); Kodo, Paspalum scrobiculatum L. (Kodo millet); Cokoon, Setaria italica L. Beauv (Fox-tail  
millet); Kutki, Fagopyrum esculentum Monech. (Buckwheat); Maize, Zea mays L.; Marhuva, Elusine coracana L. 
(Finger millet). Note: Data points showing zero yield represent crop failure while no data points indicate no sowing 
of crop in that year. 

 
irregularities in weather patterns over the years replaced 
traditional crops with those adopted for some extreme 
conditions like scarcity of irrigation and changes in tem-
perature, although traditional crops were highly suitable for 
extreme conditions.  
 Some traditional rice varieties are on the verge of  
extinction (Figure 9) as they showed steep decline in 
yield with no recorded production for the last 5–10 years, 
while kodo millet and maize showed some sustenance 

with decreased but sustained yield in the last 5–10 years. 
Almost no production was observed over the years for 
kutki, sanva and cocoon because of steep decline in the 
yield. It is important to note that marhuva crop is also not 
responding to the current climatic conditions, which has 
huge commercial and nutritional value. 
 Use of fertilizers is one of the important practice for 
increasing crop production. About 85% of people reported 
increased use of fertilizers (Table 1) and still found it
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Table 3. Agricultural land-use/land-cover change for some traditional and other crops in the study area 

     Percentage of respondents who think climate  
    Percentage change is responsible for these changes 
 Cropping on land   of change 
Crop*  (20–25 years ago; %) Present (%)  in land use Positive  Negative  Neutral 
 

Sanva 
Kodo 
Kutki 50  0  100  70  30  – 
Madhuva 
Cocun 
Pea  25  10  60  90  10  – 
Urad  12.5  3.125  75  90  10  – 
Pigeon pea  11.41  3.125  69.66 85  10  5 
Gram  14.58  2.70  81.48  70  25  5 
Moong  6.66  2.08  68.76  90  –  10 
Sesame  3.33  0.75  77.47  70  30  – 
Linseed  4.16  0.25  93.99  90  10  – 
Lentil  4.58  1.58  65.50  50  40  10 
Barley  6.04  0.83  86.25  80  20  – 
Pearl millet  16.67  12.5  25  40  50  10 
Sunhemp  15.74  0  100  70  20  10 

Source: Field interview; *Botanical names of these crops are given in Figures 5–9. 
 

 

 
 

Figure 10. Total distribution of fertilizers (NPK) in the district (from 
1993 till 2008). 
 
difficult to obtain their expected productivity. These per-
ceptions matched with the data of the total fertilizer dis-
tribution in the area for the same period. While the 
production of many crops is not up to the expectations of 
the farmers, it is interesting to note that there is a huge 
increase in total fertilizer distribution in the area since the 
early 90s (Figure 10).  
 Many farmers noticed twice flowering in a single season 
in pigeon pea, reduced grain size in pea, thin quality of 
seed in wheat due to increase in the number of sunny 
days during Magh month (15 January–15 February), in-
creasing disease frequency in mustard, gram, paddy and 
vegetables. These are some observations that need further 
studies. The present study shows that the farmers were 
aware of the changes happening at the agricultural level and 
they are noticing the changes in the production of crops. 
 The production trends of pulses, oil crops and other 
crops of 1991–2008 were correlated with maximum and 

minimum temperature and the following results were ob-
served: maximum temperature versus pulses (r = –0.17; 
P = 0.23), maximum temperature versus oils crops (r = 
–0.34; P = 0.19) and maximum temperature versus other 
cash crops (r = –0.29; P = 0.18); whereas minimum tem-
perature versus pulses (r = –0.306; P = 0.23), minimum 
temperature versus oil crops (r = –0.19; P = 0.07) and 
minimum temperature versus cash crops (r = –0.45; 
P = 0.07); indicates somewhat comparative changes. 

Land-use/land-cover changes 

Climate change is considered to have a negative impact 
on biodiversity, although a range of other responses are 
also reported24. Responses were also obtained to under-
stand the changes in land-use/land-cover levels (Table 3). 
The results showed 100% land-use change/conversion for 
traditional rice varieties and sunhemp, and 70% of res-
pondents felt that these changes were due to change in 
climatic patterns over the years. Minimum land-use 
change was found in pearl millet, whereas cropping in 
linseed and barley changed significantly. On an average, 
75% of farmers reported that the driving factor for these 
conversions is the change in climatic patterns over the 
years. Further, 90% of respondents stated that land-use 
changes in pea, urad, moong and linseed were due to less 
adaptability to changing climate. Most of the replacement 
for the existing land use came for rice–wheat crops. This 
land-use conversion produces a range of different biodi-
versity responses25. Apart from this, arduous work requi-
red in fibre crops, especially in varieties of sunhemp and 
jute (Corchorus sp.), was also responsible for reduction 
in the yield. Increasing frequency of disease occurrence, 
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Table 4. Changes in anticipatory knowledge of traditional folklore as perceived by local people 

 Responses for  
  unpredictability 
Traditional folklore* and its meaning in anticipation (%) 
 

Pachhwa hawa osave joyee, ghagh kahe ghun kabahu na hoyee [grains dried in air blowing from west to east, never  40 
 deteriorates due to worm-eating]. 
Kwar, kati ke hal ko jote, bhare kothar aye wah sote [tilling in the months of Kwar (15 September–15 October)  90 
 and Kartik (15 October–15 November) increases the yield and make farmers happy]. 
Agahan me sarwa bhar, fir karwa bhar [good rain in Agahan month (15 November–15 December) increases the yield of wheat].  90 
Jeth chale purwayee, savan sukha jayee [if wind blows from east to west in Jeth month (15 May–15 June),  20 
 then there will be no rain in Savan month (15 July–15 August)]. 
Magh ke barse fir na tarse [rain in Magh month (15 January–15 February) decreases tension of farmers].  50 
Dur gudasa dure pani, niyar gudasa niyare pani [the call of a bird locally named ‘gudasa’ (species not known), if heard from 100 
 a far off place, means rain is far away and vice-versa]. 
Shukrawar ki badari rahi shanichar chhaye, bin barse na jae [if cloud comes on Friday and remains till Saturday, 100 
 it will surely rain]. 
Matka me pani garam chidiya nahawe dhur, chinti anda le chale to varsha bharpoor [if water in earthen pot becomes warm,  90 
 birds start to take bath in dust and ants start carrying their eggs, then it will be a very good rain]. 
Tera katik, teen aasadh [wheat should be shown in first 13 days of Kartik month (15 October–15 November) and paddy 100 
 in the first 3 days of Aasadh month (15 June–15 July)]. 
Ulto jo badar chadhe bin barse na jaye [clouds running opposite to the direction of the air surely rains].  90 
Bole laga goh fule laga kasa, ab nahi varsha ki aasha [when a reptile locally named goh (Varanus sp.) starts making noise  50 
 and a local plant named kasa (Saccharum sp.) starts flowering, then hope for end of rains)]. 

Source: Field interview; *Folklore is in ‘Hindi’ and its meaning is described in English within brackets. 
 
less availability of water for irrigation, decreasing rainfall 
and increasing incidence of crop failure have led to the 
diversification of cropping patterns. High-yielding varie-
ties of hybrid wheat, rice, pea and some pulses were the 
main replacements as the response of declining produc-
tions in the crops. Apart from climate, other complex fac-
tors such as market force, reduction in yield taste factor 
and scarcity of labour also influence the choice of crops.  
 People strongly believe that changes in climatic pat-
terns play an important role in changing agricultural  
activities of the farmers to adopt current trends. Changes 
in climate and land-use are key drivers of biodiversity 
change and the interactions linking these are complex and 
not well understood26. Consequently, it becomes neces-
sary to understand the effects on land-use/land cover  
because less attention is being given to other land-use 
changes such as conversion, fragmentation and manage-
ment intensities27.  

Changes in folklore perception and anticipation 

Indigenous knowledge systems and practices have helped 
communities to survive in their complex socio-cultural 
setting, which is of crucial significance for sustainable 
development22. The farming systems largely depend on 
empirical knowledge systems of weather and climate-
related factors. Farmers’ experiences accumulated into 
knowledge are preserved in the form of folklores and 
folksongs intermingled in their socio-cultural set-up. Re-
sponses were obtained regarding the changes happening 
in the anticipatory functions of their traditional knowl-
edge (Table 4). Huge unpredictability has been noticed in 

anticipatory function of many traditional folklores. A 
folklore about the timing of wheat and paddy sowing, in 
which these crops must be sown in the first 13 days of 
Kartik month (15 October–15 November) and in the last 
three days of Aasadh month (15 June–15 July) respec-
tively, has undergone complete change. A complete 
change was reported in an anticipation that if cloud 
comes on Friday and remains till Saturday, will surely 
rain. Sixty per cent of people still believe that grains 
dried in air blowing from west to east, never deteriorate 
due to worm-eating; 80% of people agree that if wind 
blows from east to west in Jesth month (15 May–15 
June), then there will be no rain in Sravan (15 July–15 
August) month. Manandhar et al.28 also reported similar 
indigenous knowledge of rainfall forecasting among 
farmers of Nepal. These forms of knowledge are the out-
come of experience of centuries gained through harmoni-
ous living with nature and rich cultural heritage, and this 
cannot be ignored. These values and ethical beliefs  
regarding various agricultural phenomena play an impor-
tant role in decision-making by farmers29. These must be 
preserved and documented for the sustainability of the 
development in every sphere.  

Conclusion 

Information collected on the perceptions and anticipation 
of people in the Indo-Gangetic region established signifi-
cant deviations from the normal patterns in different cli-
matic factors/conditions which have significant impacts 
on the local climate, agricultural and cultural perform-
ances. The perceptions such as alterations in rainfall  
patterns, decreasing quantum of rain and variable mini-
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mum/maximum temperatures were recorded with few  
exceptions. These impacts were linked with climate and 
fluctuations experienced in it. Considering human–
environment interactions to understand the impact of 
changing climate by interpreting diverse socio-cultural 
factors was the major aim of this study. Local people 
have recognized that climate is changing or at least an in-
creased variability of weather. The perceptions of climate 
change illustrated by farmers and other locals were re-
lated to the agro-meteorological data. The climate was 
described as being much warmer. Weather cycle and 
temperature irregularities at the local level are displacing 
remarkably. Many traditional crop varieties are now on 
the verge of extinction and thus there is danger of losing 
genetic diversity. Some oil crops, fibres and wild rice  
varieties are facing decline in their productivity, while the 
current climate seems to be favourable for some crops 
such as millet and some pulses specially lentil. Overall 
description of climate change in the region includes the 
alteration in traditional weather description and their  
correlation with available climatic and crop production 
data.  
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