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Executive Summary 

 

For any country, managing its water supplies has always been a big challenge. The 

development of water resources necessitates resolving the crucial challenges of 

storage, conservation, and ultimately utilisation of water. In order to develop a 

comprehensive management strategy for the efficient conservation and use of water 

resources, space technology plays a crucial role in managing country’s available 

water resources. To achieve the best planning and operation of water resources 

projects, systematic procedures incorporating the thoughtful blending of traditional 

ground measurements with remote sensing techniques are necessary. To track the 

development and effects of the aforementioned projects, the satellites' synoptic and 

repeated coverage can be a useful addition to the traditional data. In order to plan 

and track several water resources management initiatives, remote sensing imagery 

from polar orbiting satellites is a viable tool. 

 

The Earth's surface has undergone significant change as a result of urbanisation, 

agriculture, timber harvesting, mineral extraction, and other land uses. Ecological, 

environmental, and hydrologic systems and processes are significantly impacted by 

changes in land use and the resulting shift in land cover. For effective management, 

it is essential to have a grasp of past and current land-cover change as well as an 

analysis of anticipated future change; this necessitates the use of models. The 

different purposes of hydrologic models are hydrologic prediction and hydrologic 

process comprehension. In order to evaluate the effects of various land use/ land 

cover scenarios, hydrologic models now use technology-based tools like GIS. Future 

land use/ land cover can be projected using hydrologic models integrated with GIS to 

increase the clarity, probability, or likelihood of prospective effects on ecosystem 

services including biodiversity, water quality, and climate. 

 

Urban sprawl is considered a potential menace to sustainable development. 

Concurrent with the significant rise in population, urban expansion, driven by the 

need for housing, industry, and commerce, is extending into the outskirts of cities, 

resulting in the encroachment upon natural vegetation, agricultural lands, and barren 

lands. The regulated/unregulated and spontaneous expansion is known as sprawl. 

Changes in land use/land cover (LULC) are emphasized in the present study for 

monitoring the temporal changes and analyse its impact on runoff. 

 

OBJECTIVES OF THE PRESENT STUDY 

 

1. To study the changes in Land Use/ Land Cover (LULC)/Urban Sprawl over a 

period, that influences the runoff characteristics of the study area. 

2. To study and analyse the Rainfall over a number of decades in the study 

area. 



3. To determine and analyse the runoff in the study area using quantitative 

techniques like Soil Conservation Services-Curve Number (SCS-CN) method using 

Remote Sensing and Geographic Information System (GIS). 

4. To analyse the impact of Land Use/ Land Cover changes on Runoff in the 

study area.  

5. To determine rainfall and runoff for various recurrence intervals i.e., for 2, 5, 

10, 15, 20, 25, 50, 75 and 100 years return period. 

6. To predict probable Land Use/ Land Cover changes in the study area. 

 

Suggestive measures/ recommendations will be drawn out from the present study, to 

store/discharge the rainfall excess/runoff water so as to safely reduce the probable 

occurrences of flood peaks. 
 

The Literature review briefly shows the research papers studied for the current 

objectives of the study. The literature review carried out under the study is 

categorised as follows: 

• Literature related to Rainfall Analysis 

• Literature related to Land Use/ Land Cover Analysis 

• Literature related to Urban Sprawl 

• Literature related to Runoff Computations 

• Literature related to Rainfall Analysis 

 

 

This is followed by the methodology, adopted for the individual objective. The 

chapters are divided into six sections, each section contains the specific 

methodology for the specific objective. 

 

In the present work, Vadodara city is selected as study area, as the city is frequently 

observing the problems of flooding/waterlogging in the recent years. The daily rainfall 

data is collected from the State Water Data Center, Gandhinagar for the period of 

1961 – 2018. The daily rainfall data collected is used for analysing the rainfall 

variability and trend analysis has also been carried out. The current study presents 

the change detection of land use/land cover for Vadodara City using approaches of 

remote sensing and geographic information systems. The landsat satellite images of 

the years 1977, 1988, 1998, 2008 and 2018 are collected from the USGS website 

and are used for assessing the changes in LULC.  Using the LULC maps, rainfall 

data, the runoff is computed using Soil Conservation Services -Curve Number (SCS 

– CN) method.  

 

To classify the landsat images, a combined classification comprising of unsupervised 

and supervised classification was utilised in the pre-processing of the landsat 

images. Using image categorization based on satellite images and Google Maps, 



five distinct LULC classes namely waterbodies, urban settlement, natural vegetation, 

agricultural land, and barren land —have been identified.  

In principle, land cover mapping from satellite data consists of following steps: data 

acquisition, pre-processing, analysis/classification, product generation and 

documentation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Flowchart for LULC detection 

 

Urban settlement has not only expanded in terms of land holding, but it has also led 

to the phenomenon of sprawl in the area. Several sprawl indices were computed to 

confirm the occurrence of urban sprawl in the city of Vadodara. A total of nine sprawl 

indices are computed, specifically Land Consumption Ratio (LCR), Population 

Density, Urbanness, Urban Expansion Index (UEI), Landscape expansion Index 

(LEI), Average Annual Urban Expansion Rate (AUER), Urban Growth Coefficient 

(UGC), Urban Expansion Intensity Index (UEII), Urban Expansion Differentiation 

Index (UEDI).  

 

Rainfall analysis has been carried out using the rainfall variability studies and trend 

analysis test namely the mann kendall test. 

 

The urban sprawl affects the LULC in the area, which in turn affects the runoff in the 

area. So it is necessary to analyse the impact of LULC on Runoff. The SCS – CN 

method is used in the present study to compute the runoff, incorporating the LULC 

Image Data 

Acquisition 

Image Preprocessing 

Study Area Extraction 

Image Enhancement 

Image Classification 

Image Postprocessing 

Final Production of land use/ land cover maps 

 

Accuracy Assessment of Classified Maps 



classes identified.  The calculation of runoff involved considering factors such as soil 

type and land use/land cover classifications. This is done using a dimensionless 

quantity called the curve number.  Subsequently, the curve numbers are corrected 

for the antecedent moisture conditions and employed in conjunction with runoff 

formulae to determine the amount of runoff. The curve numbers are derived from the 

soil type and land use/land cover categories.  

 

To analyse the impact of land use/ land cover changes on runoff three scenarios 

have been considered, where in for each of the years of 1977, 1988, 1998, 2008 and 

2018, five maximum daily rainfall events of each year have been considered, to 

compute and analyse the runoff. The purpose of considering these five values of 

maximum rainfall is that those values are most likely to affect the runoff in the area. 

 

Scenario 1 – Considering 1977 as a base year and superimposing the LULC maps 

of 1988, 1998, 2008 and 2018 on the base map and considering the extent of area to 

be same as that of 1977, the changes in runoff values are analysed. The changes in 

runoff will definitely occur due to the changes in LULC for different years. 

 

Scenario 2 – Considering 1988 as a base year and superimposing the LULC maps 

of 1998, 2008 and 2018 on the base map, the changes and considering the extent of 

area to be same as that of 1988, the changes in runoff values are analysed. The 

change in runoff will definitely occur due to the changes in LULC for different years. 

 

Scenario 3 – Considering 1998 as a base year and superimposing the LULC maps 

of 2008 and 2018 on the base map, the changes and considering the extent of area 

to be same as that of 1998, the changes in runoff values are analysed. The change 

in runoff will definitely occur due to the changes in for different years. 

 

Alternative Approach 

 

Scenario 4: Considering 1977 as a base year, daily maximum rainfall of base year, 

the runoff of base year is compared to the runoff of the years 1988, 1998, 2008 and 

2018 respectively by swapping their LULC maps. 

 

Scenario 5: Considering 1988 as a base year, taking top 5 daily rainfall values from 

this year, daily maximum rainfall of base year, the runoff of base year is compared to 

the runoff of the years 1977, 1998, 2008 and 2018 respectively by swapping their 

LULC maps. 

 

Scenario 6: Considering 1998 as a base year, taking top 5 daily rainfall values from 

this year, runoff will be computed considering the LULC of study years 1977, 1988, 

2008 and 2018 and then, comparing these values of runoff with values of base year 

runoff i.e., 1998. 

 



Scenario 7: Considering 2008 as a base year, taking top 5 daily rainfall values from 

this year, runoff will be computed considering the LULC of study years 1977, 1988, 

1998 and 2018 and then, comparing these values of runoff with values of base year 

runoff i.e., 2008. 

 

Scenario 8: Considering 2018 as a base year, taking top 5 daily rainfall values from 

this year, runoff is computed considering the LULC of study years 1977, 1988, 1998 

and 2008 and then, comparing these values of runoff with values of base year runoff 

i.e., 2018. 

 

The IDF curves are used to describe rainfall intensity as a function of duration for a 

given return period which are important for the design of storm water drainage 

systems and hydraulic structures. In this study, IDF curves are generated for rainfall 

and runoff data. The daily rainfall data, for different rainfall durations are computed 

using Indian Meteorological Department (IMD) empirical reduction formula to 

estimate the short duration rainfall intensity i.e. 1, 2, 6, 12 & 24 hours, with return 

periods of 2, 5, 10, 25, 50, 100 years, to determine rainfall intensity and runoff 

intensity using Gumbel’s Extreme Value Distribution. The various empirical formulas 

given by Tablot, Bernard, Kimijima and Sherman are used to estimate the rainfall 

intensity. Amongst these empirical equations, Sherman’s equation is considered as 

the best approximation of rainfall intensity for return periods of 2, 5, 10,15, 20, 25, 

30, 50, 75 and 100 years. The results show a good match as the correlation 

coefficient is observed greater than 0.999. This indicated that the empirical formula 

given by Sherman can be used to estimate rainfall intensity in the study area for 

short durations. 

 

To predict the probable LULC changes in the study area, various statistical models 

namely linear, logarithmic, polynomial, exponential and power models have been 

used. The equations developed using these models are used to estimate the LULC 

classes for the years 2028, 2038 and 2048.   

 

The change detection of LULC classes has been carried out for the four decades of 

1977 – 1988, 1988 – 1998, 1998 – 2008 and 2008 – 2018. Amongst all these 

changes, that took place, in the year 1977, natural vegetation had the maximum 

holding of 33% of area. In the year 1988, the agricultural land was maximum with a 

holding of 31% of area. In 1998, urban settlement overtook 32.07% of maximum 

area and it continued to increase by 47.85% in 2008 and also increased to 56.85% in 

2018.  The results of LULC change detection also showed that, for these four 

decades, the urban settlement is gradually increased in the first two decades by 9% 

& 10% respectively, i.e. from 13% to 22% in 1977 – 1988 and 22% to 32% and in the 

third decade there is 16% of rise observed i.e. from 32% to 48% and again the last 

decade, it is raised by 9% i.e. from 48% to 57%. For the same decades, the natural 

vegetation is found to be decreased by 31%, barren land decreased by 33%, 

agricultural land increased by 21% and water bodies are stable up to 1%. 



 

A decadal analysis of the LULC maps obtained, is carried out from 1977 to 2018, for 

four decades namely 1977 – 1988, 1988 – 1998, 1998 – 2008, 2008 to 2018, 

respectively. The areas and percentages of land use/land cover by each of the LULC 

class of Waterbodies, Urban Settlement, Natural Vegetation, Agricultural Land and 

Barren Land for the years 1977, 1988, 1998, 2008 and 2018 respectively, are shown 

in Table 5.9. 

 

 

Figure 5.16: Comparison of LULC Classes in study years 

 

From Fig. 5.16, it can be observed that the waterbodies remain stable for almost all the 

years of 1977, 1988, 1998, 2008 and 2018. The urban settlement is seen to be continuously 

increased in all the study years, specifically from 1977 to 1998, it is seen gradually 

increasing, and there is a significant spike observed from 1998 - 2018. Barren land is 

observed to gradually decrease from 1977 - 1998, but later from 1998 to 2008 there is surge, 

up to the year 2008 and then after 2008 - 2018, there is a sudden fall. During this period, 

mainly from 1998 to 2008, where surge is observed in barren land, the natural vegetation 

and agricultural land are seen to be declining, which puts forth the point that during this 

decade (1998 – 2008) a lot of construction activities were going on, which led the urban 

settlement to rise by 18%, highest amongst rise among all the years. During the next decade 

(2008 – 2018), a constant increase in urban settlement is observed. Although natural 

vegetation and agricultural land are also observed to be gradually increasing but in a lesser 

proportion than that of urban settlement.  
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Fig: LULC Classified Maps 

 

 

Out of the nine urban sprawl indices calculated, four of them give qualitative 

outcomes while the rest demonstrate quantitative findings. The two qualitative 

indexes, UEI and LEI, confirm that the increases observed in all the four decades is 

characterized by edge expansion growth. Two further qualitative indices, namely 

UEII and UEDI, indicate that the area is experiencing rapid increase in the first 

decade and even faster expansion in the subsequent three decades. Furthermore, 

UEDI suggests that the area is consistently developing at a fast pace during all four 

decades. The LCR exhibits consistently high values each year, peaking in 2018 at 

66.52. The population density reached its lowest point in 2018, indicating a 



significant increase in urban sprawl during that year. Urbanness values exhibit a 

steady upward trend from 1977 to 2018. AUER has experienced the highest level of 

growth in the past ten years, reaching a value of 45.06. Additionally, UGC has shown 

an increasing tendency in its growth coefficient, reaching a maximum of 10.80 in 

2018. The results indicate a significant level of urban expansion in the city of 

Vadodara, which can have direct impacts on the runoff. The rapid expansion of 

urban areas has a significant impact on the runoff. 

 

The days with no rainfall, means that there is no measurable precipitation, and the 

atmosphere remains dry. This can occur due to stable weather conditions, high-

pressure systems, or a lack of significant moisture in the air. The range of 0 to 10 

mm of rainfall is considered a very low amount of precipitation. This typically results 

from a steady rain or drizzle over the course of the day. The range more than 50 mm 

shows that moderate to heavy rainfall and it can have positive effects on soil 

moisture levels and water reservoirs. However, it may also pose challenges such as 

flooding in low-lying areas, increased runoff, and potential transportation disruptions. 

Adequate preparedness and infrastructure are important to manage the impacts of 

this level of rainfall. 

 

Mann-Kendall Test and Sen’s Slope Estimation  

 

Mann-Kendall Test and Sen’s Slope Estimation are two non-parametric test used to 

detect the presence of a significant trend (upward or downward) in a time series 

dataset. The results of Mann Kendall (MK) test and Sen’s slope test for rainfall data 

considered from 1961-2018, are analysed for the months of June, July, August, 

September, analysed for Annual rainfall and for southwest monsoon. The results of 

the same are shown in below Table 5.21 

 

In the Mann-Kendall trend test, the value of Z is a test statistic that measures the 

strength and direction of a trend in a time series dataset. The sign (positive or 

negative) and magnitude of the Z statistic provide information about the nature of the 

trend. 

 



 
 

Figure 5.22: Test Z value   

 

Analysis of Monthly Rainfall data  

 

The analysis of monthly rainfall data is carried out for the monsoon months which are 

June, July, August and September for the period of 1961 – 2018, The monthly 

rainfall data analysis shows that month of June contributes 15%, July contributes 

38%, August 31 % and September 16% of the average annual rainfall, The 

contribution of rainfall of these months is represented in percentage in below Fig. 

5.23 

 
 

Figure 5.23: Percentage of Annual Rainfall in Monsoon Season 

 

The monthly precipitation of June, July, August, and September can also be 

regarded as reliable. Nevertheless, the rainfall patterns throughout the monsoon 

season in the study area exhibit significant regional and temporal disparities, 

resulting in both floods and droughts across different regions and cities. However, 
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when the rainfall data is aggregated for the entire season or month, it demonstrates 

a consistent pattern.  

 

Rainfall Variability  

 

To analyse the rainfall variability the months of June, July, August and September 

which are the monsoon months are considered in the present study. The basic 

statistical attributes such as mean, standard deviation (SD), coefficient of variation 

(CV) of seasonal and annual rainfall series for the period of 58 years (1961-2018) 

are analysed. The results are shown in Fig. 5.25 

 

 
Figure 5.25: Rainfall Variability over the years 1961-2018 

 

The rainfall variability for the month of June, July, August and September as 96.33%, 

48.84%, 64.91% and 99.70% respectively, which shows that there is low variability in 

rainfall during month of July. 

 

The curve numbers for the study area obtained for the years 1977, 1988, 1998, 

2008, and 2018 are 74.80, 82.81, 81.19, 85.54, and 84.92, respectively. The curve 

numbers accurately depict the land use and land cover regions. As the area 

becomes more impermeable, the CN value is observed to be increased. During the 

study period, a consistent increase in the CN values is noticed, indicating a 

significant alteration in the land use and land cover for every decade. 

 

The annual one day daily maximum runoff against the annual one-day maximum 

rainfall (AODMR) is used for the purpose of analysis. The maximum rainfall & runoff 

will determine more accurately the runoff properties. So, the annual one-day 

maximum value is considered for analysis. The annual one day daily maximum 

runoff values are plotted against the annual one-day maximum rainfall, shown in 

below Fig.5.27 
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Figure 5.27: Annual One Day Maximum Rainfall – Runoff [1977 – 2018] 

 

The runoffs are obtained against the Annual One Day Maximum Rainfall (AODMR) 

for the years from 1977 – 2018. The maximum runoff obtained in the decades of 

1977 – 1987, 1988 – 1997, 1998 – 2007, 2008 – 2018, has been analysed. From the 

analysis it can be said that the maximum amount of rainfall/ maximum AODMR 

during the first decade considered, is 224 mm and minimum of AODMR is 7 mm and 

the corresponding runoff comes out to be 138 mm and 42 mm, which is 61% and 

54%. Similar analysis when carried out for 1988 – 1998, the percentage of runoff 

corresponding to maximum of AODMR and minimum of AODMR comes out to be 

87% and 63%. For 1998 – 2008, and 2008 – 2018, the runoff corresponding to 

maximum & minimum AODMR values comes out to be 90% & 70% and 91% & 80% 

respectively. It is clearly evident that around 30% of additional runoff can be 

observed when compared with the year 1977 and 2018, which may be directly 

attributed to the changes in LULC and Urban Sprawl. 

 

Decadal analysis of Runoff against maximum AODMR 

 

It is clearly evident that around 30% of additional runoff can be observed when 

compared with the year 1977 and 2018, which may be directly attributed to the 

changes in LULC and Urban Sprawl. 

 

Scenario 1 – Considering 1977 as a base year and superimposing the LULC maps 

of 1988, 1998, 2008 and 2018 on the base map and considering the extent of area to 

be same as that of 1977, the changes in runoff values are analysed. The changes in 

runoffs will definitely occur due to the changes in LULC for different years. 

 

By superimposing the maps of 1988, 1998, 2008 and 2018 on the map of 1977, the 

results obtained are shown in Fig. 5.34 
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Figure 5.34: Changes in Runoff of different years with Base year 1977 

 

From Fig. 34, it is observed that for 123.10mm of rainfall, the runoff percentages are 

68%, 77%, 79%, 84% and 83% respectively for the years 1977, 1988, 1998, 2008 

and 2018. These values show that the runoff is varying from 60% to 84%, with an 

increasing trend, which shows that the runoff values are increasing due to the 

change in LULC. 

 

Similarly all the eight scenarios have been computed. The three different scenarios 

are considered to analyse the impact of LULC changes on runoff.  In Scenario 1, 

superimposing the maps of 1988, 1998, 2008 and 2018 on the map of 1977, by 

considering the area same as that of 1977, the changes in runoff observed are 

varying from 60% to 84%, which is found to be increasing in every decade. Similarly, 

In Scenario 2, superimposing the maps of 1998, 2008 and 2018 on the map of 1988, 

by considering the area same as that of 1988, the changes in runoff observed are 

varying from 60% to 87%, which is found to be increasing in every decade and In 

Scenario 3, superimposing the maps of 1998, 2008 and 2018  on the map of  1998, 

by considering the area same as that of 1998, the changes in runoff observed are 

varying from 65% to 85%, which is found to be increasing in every decade. These 

increasing runoffs clearly depict the rise is due to the impact of LULC changes. By 

considering an alternative approach, in which five scenarios are considered to 

analyse the impact of LULC change on runoff by keeping the rainfall constant for the 

base year and swapping the other years with the base year, the results obtained 

shows that the runoff values are increasing with time, which is in decades. The runoff 

values vary from 55% to 85% from 1977 - 2018, with an increasing trend showing 

the impact of LULC on runoff.  

 

The Gumbel's Extreme Value Distribution approach and the empirical equation 

proposed by Sherman are regarded as the most accurate approximations for rainfall 

intensity for return periods of 2, 5, 10, 15, 20, 25, 30, 50, 75, and 100 years.  The 
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IDF curves are generated for rainfall intensities and runoff intensities by using 

Gumbel’s Extreme Value Distribution. Results of which show that for 1 hour duration, 

the rainfall intensity comes out to be as 45.54, 63.01, 74.58, 89.20, 100.04 and 

110.80 mm/hr. for 2, 5, 10, 25, 50 and 100 years return periods respectively. 

Simultaneously, for 1 hour duration, the runoff intensity comes out to be 29.43, 

47.48, 59.43, 74.53, 85.73 and 96.85 mm/hr. for 2, 5, 10, 25, 50 and 100 year return 

periods respectively. Similarly, for the durations of 2H, 6H, 12H and 24H, rainfall and 

runoff intensities are computed, and it is observed that, as time duration increases, 

the rainfall intensity in mm/hr. is decreased and the amount of rainfall, in mm is 

increased with increase of return periods from 2, 5, 10, 25, 50 and 100 years. 

 

 
Figure 5.42:  Intensity Duration Frequency Curve by GEV Distribution 
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Figure 5.43:  Rainfall Intensity Duration Frequency (IDF) curves using empirical 

equations. 

 

Comparison of the results for the four empirical methods shows that Sherman 

equations may fit well at the Vadodara station that has Root mean square error 

(RMSE) only 0.159 mm/hour and its relative coefficient R is approximated 0.99. The 

results show that the Sherman equations are an acceptable fit to the IDF relationship 

in Vadodara. This indicated that the empirical formula given by Kimijima and 

Sherman obtained to estimate intensity in the study area is good for short durations. 

These IDF Curves and Empirical Equations will help for calculation of peak 

discharge into Minor Irrigation Tanks and also useful for planning and designing of 

any water resource management project. 

 

Similarly, for the durations of 2H, 6H, 12H and 24H, rainfall and runoff intensities are 

computed, and it is observed that, as time duration increases, the rainfall intensity in 

mm/hr. is decreased and the amount of rainfall, in mm is increased with increase of 

return periods from 2, 5, 10, 25, 50 and 100 years. Fig. 5.44 shows the runoff 

intensities in mm/hr. 
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Figure 5.44:  Intensity Duration Frequency Curve for Runoff 

 

Models for Urban Settlement Estimation 

 

Results Obtained for Urban Settlement Estimation Models 

  
(a) Linear (b) Logarithmic 

  

  
(c) Polynomial (d) Exponential 
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Figure 5.51: Different models obtained for estimation of Urban Settlement 

 

However, the estimation of Urban Settlement has been carried out for all the models 

and is represented in Table 5.60 The graph of which is shown in Fig. 5.52 

Table 5.60 shows the predicted Urban Settlement class. 

 

Analysing the Table 5.60, the urban settlement in Vadodara city for the years 2028, 

2038 and 2048 is estimated to be around 175, 235 and 305 Sq. Km. Therefore, the 

percentage change in future 10 years, 20 years and 30 years with base year as 2018 

is estimated as 41%, 91% and 149% increase in urban settlement. This increase will 

have the direct impact on the increase in runoff. 

 

 
Figure 5.52: Graphs of prediction of Urban Settlement by various models 
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is estimated as 41%, 91% and 149% increase in urban settlement. This increase will 

have the direct impact on the increase in runoff. 

Models for Total Area Estimation, Waterbodies and Natural Vegetation are 

carried out in similar manner. 

 

The total area of Vadodara city for the years 2028, 2038 and 2048 is estimated to be 

around 483, 625 and 790 Sq. Km. Therefore, the percentage change in future 10 

years, 20 years and 30 years with base year as 2018 is estimated as the range of 

11%, 26% and 41% increase respectively.  From the estimated models, the urban 

settlement in Vadodara city for the years 2028, 2038 and 2048 is estimated to be 

around 175, 235 and 305 Sq. Km. Therefore, the percentage change in future 10 

years, 20 years and 30 years with base year as 2018 is estimated as 43%, 91% and 

150% increase in urban settlement. This increase will have the direct impact on the 

increase in runoff. 

 

In the present study, the increase in runoff ranges from 30% to 50%, for the city of 

Vadodara. The water which is flowing as runoff will cause urban flooding/ water 

logging during the periods of heavy rainfall. Managing of excess rainfall/ runoff is 

crucial for reducing the peak and minimize the post effects of urban 

flooding/waterlogging. Improving the current natural areas along riverbanks and in 

flood plains will help to manage riverine flooding. Vishwamitri river passes from the 

center of the city, and as it enters the city, it becomes narrower. So widening and 

deepening the river will help in reducing the flood peaks.  Re-establishing plant life in 

the region near the river will improve the absorption of water, reduce the likelihood of 

flooding, and limit the severity of destruction caused by river floods. Developing and 

implementing effective plans and techniques for stormwater management, so the 

excess water can either be diverted or stored, will help to save the quantity of water 

which can further be utilised for recharging the groundwater. Construction of 

retention basins, detention ponds, can be implemented to control and manage the 

volume of water. The stormwater drainage can be properly positioned to collect 

water from sources where there is problem of flooding, so that it can be efficiently 

stored/transported to the nearest site of recharge. In the places where new 

developments are taking place, efficient rainwater harvesting facilities should be 

provided. There are several ponds in Vadodara city, so the excess rainfall/ runoff 

should be diverted to these ponds which will further be useful in groundwater 

recharge of that area. 

 

In the current study, the decade-wise change in LULC has been identified for the last 

40 years. The type of growth that is happening is highly impacting the runoff. So, this 

study will be useful to the urban planners to observe the changes and control the 

sprawl taking place in such a way that that its impact on the runoff is either balanced 

or reduced or improved. The estimations for urban settlement and total area are 

given for further 30 years, which will help the urban planners to regulate the sprawl, 

in such a way that it will not impact the further increase of runoff. the This study will 



be very useful to the water managers, in a way that, this study presents the amount 

of runoff that is increasing, which is causing flooding situation, so its mitigation is 

important and, it is also important for the water managers to manage this excess 

water in a way that it will be useful to society.  
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