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Abstract:	 The main objective was to explore the connection between flood and drought 
hazards and their impact on crop land and human migration. The Flood and 
Drought effect on Cropland Index (FDCI), hot spot analysis and the Global Re-
gression Analysis method was applied for the identification of the relationship 
between human migration and flood and drought hazards. The spatial pattern 
and hot and cold spots of FDCI, spatial autocorrelation and Getis-OrdGi* sta-
tistic techniques were used respectively. The FDCI was taken as an explanatory 
variable and human migration was taken as a dependent variable in the envi-
ronment of the geographically weighted regression (GWR) model which was 
applied to measure the impact of flood and drought hazards on human migra-
tion. FDCI suggests a z-score of 4.9, which shows that the impact of flood and 
drought frequency on crop land is highly clustered. In the case of the hot spots 
analysis, out of seventy districts in Uttar Pradesh twenty-one were classified 
as hot spot and eight were classified as cold spots with a confidence level of 90 
to 99%. Hot spot indicate maximum and cold spots show minimum impact of 
flood and drought hazards on crop land. The impact of flood and drought haz-
ards on human migration show that there are fourteen districts where migra-
tion out is far more than predicted while there are ten districts where migration 
out is far lower.
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1.	 Introduction

Flood and drought frequency as well as crop land friction varies from one place 
to another and thus its impact is also not the same on human livelihood or migra-
tion. People have always migrated from one place to another due to environmental 
factors and human conflicts. Population and environment studies better helps the 
study of the relationship between migration and the environment. Further, global 
climate change has a substantial impact on human migration [1]. According to [2], 
in the early 1990 the main impact of climate change on human migration was due to 
coastal erosion, flooding and agricultural disruption. The change in the frequency 
of extreme events and erratic rainfall due to climate change has posed hydrological 
risks at a regional scale  [3]. Yang et al.  [4] outlined that more frequent flood and 
drought events have occurred after  1980s in the Huaihe River Basin, China. The 
UNDP [5] reported that India may suffer due to climate change in the coming years 
as most of its population depends on agriculture and forestry for their livelihoods. 
Parthasarathy et al. [6] studied the droughts and floods in summer monsoon sea-
son and highlighted the worst drought years as 1877, 1899, 1911, 1918, 1920, 1951, 
1965 and 1972, while the worst flood years were 1892, 1933, 1961 and 1983. Indian 
states like Haryana, Punjab, west Rajasthan, and Gujarat (Saurashtra and Kutch 
sub-divisions) have high probabilities of flood and drought. Nath et  al.  [7] stud-
ied the spatio-temporal characteristics of drought in India and its impact in the 
Indo-Gangetic plain during the summer season (April–September) using Standard-
ized Precipitation Evapotranspiration Index (SPEI). Perch et al. [8] used conceptual 
models for the investigation of the impact of sea level rises and floods on human 
migration. Flood related migration in urban and rural settings and its impact on 
human security in Malaysia were studied by Reza and Alatas  [9]. Leighton  [10] 
suggests that there are 25  million environmental migrants fleeing due to flood, 
drought, and desertification. Tran [11] has examined how land use change is linked 
to farmers’ decisions to migrate in the Vietnamese Mekong Delta  (VMD). Sark-
ar  [12] has studied out-migration from Uttar Pradesh state, India and suggested 
the employment is the main reason for migration from Uttar Pradesh. Maharjan 
et al. [13] have studied rural out-migration and agricultural land use change in the 
Gandaki Basin, Nepal. The literature suggests that the majority of researchers are 
working on climate change and its associated impact on land use/land cover, for-
estry and the livelihood of the people [14]. Few researchers have also studied the 
probabilities of flood and drought, but in the current work an attempt was made to 
study the human migration due to these factors.

To meet the general objectives, four specific ones were set as follows:
1)	 to develop an index of flood and drought effect on cropland area,
2)	 to calculate the spatial pattern of FDCI in the study area,
3)	 to find the Hot spot of FDCI, and
4)	 to measure the impact of flood and drought hazards on human migration.
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2.	 Materials and Methods

2.1.	 Study Area

The state of Uttar Pradesh is a highly populated state in India (Fig. 1). The total 
geographical area is 243,290 km2, and it is the fourth-largest state in the country in 
terms of land area. It shares an international border with Nepal in the north. The 
Gangetic Plain region has a dense network of rivers and forms the Ganges-Yamuna 
Doab, the Ghaghara plains, the Ganges plains and the Terai and has very high fer-
tile land.

Fig. 1. Location map of the study area

2.2.	 Data Used

Satellite data obtained from SPOT and MODIS were combined with agricultur-
al inventory data to generate a global data set of croplands, v1 (2000). Ramankutty 
et al. [15] created the data and freely distributed it through the Columbia University 
Center for International Earth Science Information Network (CIESIN). Global Flood 
Hazard Frequency and Distribution, v1 (1985 – 2003) data is available at a 2.5 min-
ute grid was used to assess the relative distribution and frequency of global flood 
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hazards. The data was developed by the Dartmouth Flood Observatory and was 
georeferenced to the nearest degree.

Global Drought Hazard Frequency and Distribution, v1 (1980 – 2000) data was 
used to assess the relative distribution and frequency of drought hazards. The data 
is available at a 2.5 minute grid. The average monthly precipitation data collected 
from 1980–2000 was used with a resolution of 2.5 degrees. Drought events are iden-
tified when the magnitude of a monthly precipitation deficit is less than or equal 
to 50% of its long-term median value for three or more consecutive months.

Global Estimated Net Migration Grids By Decade, v1 (1970 – 2000) was used to 
estimate net-migration per one-kilometer grid cell on a decadal basis for the 1970s, 
1980s, and  1990s and provide migration information over the three decades 
from 1970 to 2000. Net migration was estimated by subtracting the population in 
time period 2 from the population in time period 1, and then subtracting the natu-
ral increase (births minus deaths). The residual was considered to be net migration 
(in-migrants minus out-migrants).

2.3.	 Data Analysis

Four steps were applied in this work and which are as follows:
Step 1: To develop the index and to relate flood and drought hazards to crop 

land friction, the following method was applied as mentioned in Equation (1):

	 FDCI = CLF ∙ DHF ∙ FHF	 (1)

where:
	FDCI	–	flood and drought effect on cropland index,
	 CLF	–	crop land friction,
	DHF	–	drought hazard frequency,
	FHF	–	flood hazard frequency.

Step 2: To calculate the spatial pattern of flood and drought hazards in rela-
tion to crop land friction, a spatial autocorrelation analysis was performed based 
on feature locations and attribute value using the global Moran’s I statistic. In this 
process, an inverse distance weighted model was conceptualized, the Euclidean dis-
tance method was selected and the distance threshold was given as 102,364.5 meters.

Step 3: Hot spot analysis helps to identify statistically significant map of hot 
and cold spots [16]. To find flood and drought hazard hot spot in relation to crop 
land friction, the hot spot analysis tool was used to calculate the Getis-OrdGi* statis-
tic (pronounced G-i-star) for each feature in a dataset.

Step 4: Geographically weighted regression  (GWR) analysis helps to explore 
spatially varying relationships [17, 18]. To measure the impact of flood and drought 
hazards on human migration, geographically weighted regression was used; it is 
a local form of linear regression which is used to model spatially varying relation-
ships. The flood and drought cropland index was taken as explanatory variable (x) 
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and human migration as dependent variables  (yi). The regression Equation  (2) is 
expressed as:

	 0 εi k ki iy x= β + ∑β + 	 (2)

where:
	 yi	–	dependent variable,
	 β0	–	 the yi intercept,
	 xki	–	 the independent variables/explanatory variable,
	 i, k	–	 index varies (i = 1, 2, ..., n; k = 1, 2, ..., p),
	 βk	–	regression coefficients,
	 εi	–	residuals/random error.

The regression Equation (3) for each observation was expressed as follows:

	 0 ,  ,( ) ( ) εi i i k i i ki iy u v u v x= β + ∑β + 	 (3)

where:
	 yi	–	dependent variable,
	 βk	–	regression coefficients,
	 xki	–	 independent variables,
	(ui, vi)	–	 the coordinate location of i,
	 εi	–	error term.

The estimator of the model as given in Equation (4):

	 1, ) )[ ( ] ( ,T T
i i i iX W u v X X W u v−β =′ 	 (4)

where:
	 W(ui, vi)	–	a square matrix of weights specific to location (ui, vi) of study area,
	 XTW (ui, vi)X	–	geographically weighted variance-covariance matrix [18, 19].

3.	 Results and Discussion

The result for flood and drought effect on cropland index (FDCI) of Uttar Pradesh 
is given in Table 1. Figure 2 shows the flood and drought effect on cropland at the 
district level. The districts which have higher effects are also having high crop land 
friction and experiences more drought and flood conditions. The districts of east-
ern Uttar Pradesh encounter more flood hazards while the western side experiences 
more drought conditions. The districts having lower effects are as Lalitpur, Gautam 
Budh Nagar, Sonbhadra, Lakhimpur Kheri, Kanpur Dehat, Chitrakoot, Hathras, Ma-
hoba, Mirzapur, Balrampur, Bahraich, Chandauli, Unnao, and Lucknow. There are 
two major reasons for this, since these districts have either a low crop land area or 
the flood or drought frequency is low. The spatial pattern of FDCI in the study area 
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is highly clustered. The z-score is 4.9, which shows that there is a less than 1% likeli-
hood that this high-clustered pattern could be the result of random chance.

Table 1. Flood and drought effect on cropland index

FDCI Value [%]

Minimum 8.4

Maximum 72.4

Mean 51.6

Standard Deviation 13.03

Figure 3 shows the hot and cold spots, with two hot spot due to drought condi-
tions which are clearly visible in western Uttar Pradesh. However, in eastern Uttar 
Pradesh, the hot spots are formed due to flood conditions. The cold spots in the south-
ern districts are due to the low friction of crop land there. Figure 4 shows the impact 
of flood and drought hazards on human migration. The r2 as 0.37 indicate that there 
is a positive relation between FDCI and human out migration based on GWR. It sug-
gests that 37% of migration is due to drought and floods. The migration is high-
est from those districts which are more affected due to flood and drought hazards.

Fig. 2. Flood and drought effect on cropland index
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Fig. 3. Hot spot map of flood and drought effect on cropland area

Fig. 4. The impact of flood and drought hazards on human migration
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3.1.	 Hot Spots of the Flood and Drought Effect  
on Cropland Area (FDCI)

The FDCI is categorized into four zones as <20%, 21–40%, 41–60% and >60%. 
The majority of the area falls in the zone of  21–40% category. Only one district, 
Lalitpur, has a mean FDCI value of less than <20%. The districts located in the north-
ern-western part are under recurrent flood and drought. These districts have dense 
river networks while districts in the north-eastern side of the state are very close to 
the Himalayan mountain range and under continuous threat of flooding. Therefore 
the districts which falls in zone of >60% are under severe threat of flood and drought 
which affect the cropland (Fig. 2).

The hot spot analysis suggests that there are seven categories, out of which 
three categories are cold spots, three are hot spots and one category is non-signifi-
cant. The hot spot/cold spot analysis was carried out 90%, 95% and 99% confidence 
interval. At a 95% confidence interval there are only two districts, Lalitpur and 
Sonbhadra, which are more prone to drought conditions. The majority of the dis-
tricts of the state are in the not significant hot spot category. The districts of Badaun, 
Moradabad and Ambedkar Nagar are in the high hot spot category at 99% signifi-
cant level (Fig. 3).

3.2.	 Impact of Flood and Drought Hazards  
on Human Migration

The GWR has seven categories of standard deviation. The Ghaziabad district 
falls in the >2.5 order of standard deviation and the lowest was reported for the 
Ballia district (<−2.5 standard deviation). The majority of districts show from −0.5 
to  0.5 standard deviation. Two districts have in the range of 1.5–2.5 standard 
deviations whereas four districts are in the 0.5–1.5 standard deviation category. 
Three districts fall in the −1.5 to −0.5 standard deviation category (Fig. 4). There is 
r2 = 0.37 value between the dependent and explanatory variables and it is positive 
in magnitude. The Ghaziabad district reported the highest standard deviation as 
it is very near to the national capital of India i.e. New Delhi, hence lots of people 
migrate from the rest of the state to the district in search of employment and im-
proved quality of life.

The migration of male and females have due to different reasons as the main 
reason for male migration is employment, while female migration is driven by both 
marriage and employment in the state  [12]. The other reason for migration is the 
pursuit of higher education. The world is facing the issue of environmental migra-
tion  [9] and this socio-political issue has become increasingly important. Human 
movement due to environmental migration or migration due to terrorism is less un-
derstood, hence the need to analyze, monitor and predict change. Similarly, detailed 
studies on the causes of environmental migration are globally lacking at present.
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4.	 Conclusions

Droughts and floods are inherent features of the monsoonal landscape. Floods 
are local whereas droughts are regional in nature. Drought and flood frequency has 
altered due to climate change. Every year, millions of hectares of land are affected 
by floods and drought in India. The frequency of droughts and floods affects crops 
health and yield. Human migration is due to many environmental, social, economic 
and cultural factors. The state has a high level of unemployment, regional imbal-
ances, and widespread poverty are characteristics of Uttar Pradesh state. The urban 
and rural areas also experience migration and it needs to be predicted and evaluat-
ed. In this work we have explored the relationship between human migration due 
to drought and flood and its impact on crop land. Inter-district and intra-district 
migration are also common in the state. The results suggest the migration of people 
from different parts of the study area is different due to varying hydro-climatic ex-
tremes (droughts and floods). The GWR result shows that the district which is near 
to the capital reported the highest migration. It suggests that 37% of migration is 
due to drought and floods. In a few districts the rates of urbanization and industrial 
development is low, and generally these areas are more affected by such events. In 
turn, this means that people leave these districts to seek out alternative work and 
educational opportunities. The highest concentration of migrants is found in the dis-
trict which is a hub of Micro, Small and Medium Enterprises, the construction sector 
and the service sector. For sustainable development it is very important to identify 
districts with high chances of migration. A limitation of this study is that we have 
only considered two factors, therefore we recommend considering a greater number 
of factors like regional setting, culture, caste and other physical and socio-economic 
factors for more reliable results. This research will help policy makers to plan appro-
priate projects to sustain the livelihood of local people, especially in those districts 
where outmigration is far more than predicted.
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