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Abstract
Rainfall and runoff are the essential hydrologic parameters when estimating water resources. This study aims at estimating 
surface runoff on the Padma river basin based on the SCS-CN method in a geographic information system (GIS) and remote 
sensing (RS) environment. The SCS-CN is, however, one of the most widely used runoff estimation method, and its critical 
features i.e., the runoff curve number (CN) depends greatly on land use and land cover (LULC), soil type, and antecedent soil 
moisture (AMC). In addition, to make it viable in runoff estimation, it requires some other crucial parameters, e.g., hydro-
logical soil characteristics (HSG), precipitation (P), potential maximum retention, antecedent moisture condition (AMC), 
and weighted curve number (WCN). The daily runoff of the Padma river basin has, therefore, been estimated for the period 
2010–2020, and an average annual surface runoff of 409.67 mm was found in this study, i.e., equivalent to 12.6 ×  103 m3 
in volume and representing about 22.25% of the total average annual rainfall. Here, some non-parametric statistical tools, 
for example, statistical autocorrelation, Mann–Kendall, and Sen slope, were used to investigate the monthly surface runoff 
trends. According to the Mann–Kendall method, statistically significant monotonic trends were found. Smoothing curve 
analysis reveals that the monthly mean runoff is 34 mm. The degree of effect of several land use patterns with corresponding 
soil types was analyzed to assess the total runoff volume contributing to the surface water resources.
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1 Introduction

Water is used in many ways in our environment that benefit 
us directly or indirectly. Humans' most important water uses 
are industry, drinking, agriculture, energy production, and 
transportation. Every piece of land on the planet’s surface 
is part of a watershed or river basin formed by water flow-
ing over and through it (Bhat et al., 2019). Every river basin 
is a hydrological unit selected by natural ridges that allow 
drainage in a well-defined drainage pattern of streams run-
ning within the limits of the watershed’s runoff from rainfall 
(Bhat et al., 2019). Water is the most important resource 
on the planet and has long been regarded as a rare natural 

resource and a valuable component in global socioeconomic 
development (Bal et al., 2021). The freshwater supply could 
significantly decline in the coming decades due to accelerat-
ing population growth, surface water pollution, and climate 
change. Assessing and conserving surface water supplies 
is vital to assure subsistence in light of the aforementioned 
issues (Bal et al., 2021; Soulis, 2021). Around the world, 
there are more and more severe water shortages. Most of the 
world is divided into arid and semi-arid regions. Due to a 
scarcity of water resources, these places commonly endure 
interrupted draughts and water crisis issues (Zehtabiyan-
Rezaie et al., 2019). Additionally, irregular and insufficient 
precipitation, floods, soil erosion brought on by heavy rain-
fall, and a high rate of surface drainage are frequent occur-
rences (Piacentini et al., 2018). To meet many requirements, 
including those for agriculture, hydropower, industries, the 
climate, and environmental systems, rainfall is the main 
source of runoff (Ogden et al., 2017; Rizeei et al., 2018). 
Water resources are necessary for recharging groundwater 
in the watershed through rainfall and runoff (Satheeshkumar 
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et al., 2017a). The management of water resources requires 
a systemic approach that considers all hydrological ele-
ments as well as the connections, ties, interactions, effects, 
and consequences that these elements have (Al-Ghobari 
& Dewidar, 2021). Runoff is a crucial hydrologic element 
in assessing water resources (Ibrahim et al., 2021). Run-
off is the flow of precipitated water down a basin stream 
after the surface and subsurface losses have been met. River 
basin characteristics like length, width, area, form, drainage 
design, soil type, plant cover, land use, and hydrological 
conditions significantly impact the rainfall-runoff process 
(Caletka et al., 2020). Runoff is the term used to describe the 
excess water, sediment, and rocks that flow over the stream 
channel's surface after evaporation. Rainfall characteristics, 
including intensity, duration, and dispersion, are impor-
tant factors influencing the occurrence and measurement 
of runoff. The link between precipitation amount and con-
siderable runoff is typically determined by soil infiltration. 
The rainfall-runoff connection is quite complicated, and it 
is impacted by a variety of storms and channel properties 
(Lian et al., 2020; Verma et al. 2020). Runoff is produced by 
rainfalls and it directly impacted by the amount, timing, and 
distribution of the rainfall event. In addition to these quali-
ties of rainfall, a number of catchment-specific factors influ-
ence the runoff frequency and amount. (Jahan et al., 2021). 
A vital component in the creation of hydraulic structures and 
erosion control systems would be discharge which generated 
by rainfall in a watershed or river basin (Deshmukh et al., 
2013).

However, the logical approach, the Green Ampt method, 
and the Soil Conservation Service-Curve Number (SCS-
CN) method are only a few available methods for determin-
ing runoff (Jaafar et al., 2019). The SCS-CN approach was 
created in 1969 by the National Resources Conservation 
Service (NRSC), a division of the United States Depart-
ment of Agriculture (USDA). This method calls for using 
a straightforward empirical formula and widely accessible 
tables and curves. A high density of curves in metropoli-
tan settings suggests heavy runoff and minimal infiltration, 
whereas a low density indicates light runoff and substantial 
infiltration in dry soil (Shadeed & Almasri, 2010). Based 
on storm rainfall depth, it is a straightforward, reliable, and 
stable conceptual method for measuring direct runoff depth. 
This method relies on numerical catchment features to cal-
culate runoff. Land use, hydrologic condition, agricultural 
management, soil moisture, and distribution of soil types 
are the main factors in rainfall-runoff analyses. Four Hydro-
logic Soil Groups (HSG) are created by classifying Group 
A, B, C, and D soil types. The "Category A" hydrologic soil 
group's soil types have a high infiltration rate. On the other 
hand, soil with a poor infiltration rate is included in hydro-
logic soil the "Group D". The planning, development, and 
management of water and natural resources may all be aided 

using geographic information system (GIS) and remote sens-
ing (RS) techniques. The synoptic perspective and thorough 
coverage offered by remote sensing satellite photography 
might benefit every river basin. The GIS environment ena-
bles decision making through geographic analysis and the 
fusion of many thematic data sets into a single platform. Due 
to their synergy, RS and GIS are essential in hydrological 
applications; a hydrologist may create a cohesive use case 
(Balkhair & Ur Rahman, 2021; Karimi & Zeinivand, 2021; 
Rana & Suryanarayana, 2020). The GIS framework enables 
rapid acquisition, evaluation, and interpretation of multidis-
ciplinary data on a large scale using remote sensing, which 
is extremely useful for watershed planning. Using traditional 
methods for estimating runoff capacity in unmeasured water-
sheds involves extensive effort and time. Most traditional 
methods of runoff calculation are complicated and expensive 
for small watersheds in difficult terrain (Farooq et al., 2021; 
Pandey et al., 2013). A runoff data analysis is essential for 
preserving and expanding natural assets. As a result of the 
availability of geographic datasets, hydrological applications 
are using them more frequently. A geospatial system has 
evolved into an essential hydrologic modeling tool because 
it is highly efficient in producing geographically dispersed 
model parameters (Bera & Singh, 2021; Farooq et al., 2021). 
This case study used the SCS-CN model, Mann-Kendell 
(modified for Indian conditions), a conventional database, 
and GIS techniques to predict surface runoff in the Padma 
River basin. The Mann–Kendall and Sen slopes were used to 
evaluate this runoff and find trends in the watershed runoff 
data set. The Mann–Kendall method is the most popular 
non-parametric technique for identifying monotonic trends 
in hydrological parameter data (Bhat et al., 2019; Kendall, 
1975; Mann, 1945; Pastor et al., 2013; Rashid et al., 2013; 
Renard et al., 1994).

Estimates of surface runoff are important in the Padma 
River basin. In the study region, agriculture predominates 
over all other land use and land-cover classifications, with 
several others present (Arefin et al., 2021; Islam et al., 2021). 
The fallow and open shrub land use types are the most sig-
nificant for surface runoff. For calculating runoff potential, 
the hydrologic soil group—which represents the soil type, 
category, and infiltration capability—is very helpful (Kumar 
et  al., 2021). Managing and evaluating water resources 
depend on accurate information on runoff volumes. Numer-
ous factors, such as precipitation type, duration, volume, 
and intensity, impact runoff amounts. The basin type also 
affects the amount of runoff (Soruco et al., 2015). Land 
development typically results in impermeable zones that 
enhance storm runoff. Usually, evolution must eliminate 
native vegetation and level the terrain to increase the amount 
of rain that falls (Shao et al., 2019). The leaves of natural 
vegetation collect precipitation, which is then absorbed by 
the plants' roots. Uneven surfaces increase surface friction, 
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which prolongs the time that raindrops remain on the sur-
face until they drain (Fausey, 2004). Usually, evolution must 
eliminate native vegetation and level the terrain to increase 
the amount of rain that falls. The leaves of natural vegetation 
collect precipitation, which is then absorbed by the plants' 
roots. Uneven surfaces increase surface friction, which pro-
longs the time that raindrops remain on the surface until 
they drain (Al-Ani et al., 1971). As a result, surface infil-
tration decreases, and impermeable surfaces increase as 
development progresses (Lobo et al., 2004). In the analysis 
of river basins, impermeable surfaces result in an increase 
in runoff and a decrease in groundwater recharge, leading 
to an increase in river overflow and the potential of flooding 
during storms.

The Padma is one of the three major rivers in Bangladesh, 
so estimating the surface runoff in the river’s basin is crucial. 
Recently, the basin has suffered from a deficiency of rainfall, 
resulting in a drought-like condition and abnormally exces-
sive runoff at different times of the year. In this basin, crop-
land and managed vegetation are found as the predominate 
land use classes, although fallow land and open shrub land 
are the land use types that positively contribute to the runoff 
volume. In addition, the hydrologic soil group represent-
ing the soil character, category, and capability of infiltration 
plays a key role in runoff phenomena in the runoff estimation 
process. However, to ensure the best management and evalu-
ation practice of water resources, quantifying the potential 
runoff volumes is crucial, taking into account the charac-
teristics of the rainfalls such as type, duration, volume, and 
intensity. The author was inspired to estimate the potential 
runoff of the Padma river basin because no prior study had 
been conducted here. Thereby, this study aims at predicting 
the potential runoff using the widely used SCS-CN method 
in a robust geospatial technique like a GIS platform and 
exploring the statistical characteristics of the runoff patterns.

2  Materials and methods

2.1  Study area

The basin of the Padma River is located in the middle part 
of Bangladesh, and the geographical location of this study 
area is between 89°36′0" and 89°45′0" E longitudes and 
23°48′0" to 24°4′0" N latitude, with a total area of 178.871 
 km2 (Fig. 1). The study area is situated on the north, east, 
and west sides of the districts of Rajbari, Pabna, and Man-
ikgonj, respectively. Where many highland streams feed it. 
The Padma River's flow pattern has been significantly altered 
due to the construction of buildings, increased urbanization 
and industrialization, and expansions in agriculture within 
the basin (Raihan et al., 2021). As a result, the discharge 
rate has dropped, particularly during the dry season. The 

monthly temperature cycle in the basin is governed by the 
monsoon, with December and January typically being the 
coldest months at approximately 16–20 °C and May–August 
typically being the warmest at around 38–40 °C. The annual 
average rainfall is around 1840 mm, most of it falling dur-
ing the summer monsoon (June–September) (Raihan et al., 
2020). During the monsoon season, the river is prone to flash 
floods due to excessive rainfall.

2.2  Data used

In this study, the daily precipitation data from 2010 to 2020 
were downloaded from the Data Access Viewer, NASA 
POEWER. The Hydrologic Soil Group (HSG) was obtained 
from the ORNL DAAC. The SRTM-Digital Elevation Mode 
(DEM) was downloaded from USGS Earth Explorer to pre-
pare various thematic maps of the study area. However, a 
detailed list of the data used in the current study is presented 
in Table 1.

Fig. 1  Location map of the study area
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2.3  Methodology

2.3.1  SCS‑CN model

The amount of direct runoff that may occur in a river basin 
due to rainfall may be calculated using various hydrologic 
models (Walega et al., 2020). With various input data 
types and circumstances, these models range from com-
plex to basic. Basin characteristics and intricate physical 
patterns are coupled with straightforward empirical for-
mulas to estimate runoff in the basin (Verma et al., 2021). 
Numerous users, such as irrigation engineers, environ-
mentalists, and hydrologists, use the SCS-CN to model 
and compute surface runoff from precipitation (Kumar & 
Jhariya, 2017; Shi & Wang, 2020; Verma et al., 2020a). 
For evaluating direct runoff, the SCS model is frequently 
employed. The much more crucial phase of runoff meas-
urement is the identification and calculation of the stream/
drainage area of the river basin (Silva & Oliveira, 1999). 
The SCS-CN technique is the most commonly used experi-
mental method for assessing direct runoff from a water-
shed (United States Department of Agriculture) (USDA 
1999). The SCS-CN method is usually used to calculate 
the relationship between runoff volume and rainfall vol-
ume. The SCS-CN approach can elucidate the water bal-
ance equation, as shown below.

Q, P, Ia, and S stand for runoff depth, rainfall depth, 
initial abstraction, and basin storage, respectively. All 
units of depth are in mm.where; A variety of hydrologic 
models can be used to calculate the amount of direct run-
off that may occur in a river basin due to rainfall. These 

(1)Q =
(P − Ia)

2

(P − Ia + S)

models range from basic to complex in terms of input 
data types and circumstances. Basin characteristics and 
intricate physical patterns are coupled with straightfor-
ward empirical formulas to estimate runoff in the basin 
(Verma, Singh, et al., 2020b). Numerous users, including 
irrigation engineers, environmentalists, and hydrologists, 
use the SCS-CN model to calculate surface runoff from 
precipitation (Kumar & Jhariya, 2017). The SCS model is 
frequently used to evaluate direct run off. Identifying and 
calculating the drainage area is a much more important 
phase of runoff measurement.

The amount of precipitation that falls onto the ground 
surface before the commencement of runoff is known as “ 
initial abstraction” and is often estimated to be 0.2 S (Ling 
et al., 2020):

Here, S is the function of CN.

The hydrologic soil group (HSG) is divided into four 
groups (A, B, C, and D) based on the soil infiltration rate 
in the basin area (Rahman et al., 2018). Based on the limi-
tations for precipitation throughout the dormant and grow-
ing seasons, the antecedent moisture condition (AMC) is 
categorized into three types (AMC I, AMC II, and AMC 
III). In this case, the CN value was derived from the tech-
nical release. United States Department of Agriculture 
(USDA), Natural Resources Conservation Service, 1986. 
The SCS technique has been upgraded to work with larger 
basins by weighting curve numbers related to watershed/
basin area. This approach was originally designed to be 
applied to 15-km2 basins (Hagras, 2023). Freely released 

(2)Q =
(P − 0.2S)2

(P + 0.8S)

(3)S =
(25400 − 254)

CN

Table 1  Sources of the data sets

SN parameters Scale/spatial resolution Temporal scale Data format Sources

1 Precipitation – 2010–2020 CSV Data Access Viewer (DAV)- NASA 
POWER

https:// power. larc. nasa. gov/ data- access- 
viewer/

2 Land use and land class (LULC) 10 m × 10 m 2020 Geotiff Esri 10-Meter Land Cover
https:// www. arcgis. com/ apps
/mapviewer/index.html?
layers = d6642f8a4f6d
4685a24ae2dc0c73d4ac

3 Hydrologic Soil Group (HSG) 250 m × 250 m 2020 Geotiff ORNL DAAC 
https:// daac. ornl. gov/ cgi- bin/ dsvie wer. pl? 

ds_ id= 1566
4 SRTM-Digital Elevation Mode (DEM) 30 m × 30 m 2020 Geotiff USGS Earth Explorer https:// earth explo 

rer. usgs. gov/

https://power.larc.nasa.gov/data-access-viewer/
https://power.larc.nasa.gov/data-access-viewer/
https://www.arcgis.com/apps
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1566
https://daac.ornl.gov/cgi-bin/dsviewer.pl?ds_id=1566
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
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data and curves may be used to compute the CN, but it is 
challenging and time-consuming. Using RS and GIS tech-
niques in conjunction with hydrologic processes allows 
for considerable cost and time savings with outstanding 
reliability and precision compared to traditional strategies. 
(Al-Ghobari et al., 2020). Equation (4) of the Weighted 
Curve Number  (CNw/CNII) is given below:

where;  CNII = Weighted curve number. CNi = Curve number. 
Ai = Area with curve number CNi.

2.3.2  Mann‑Kendall method

Mann–Kendall is a non-parametric trend analysis method 
commonly used to detect trends in climatological and 
hydrological time series (Kendall, 1975; Mann, 1945). The 
Mann–Kendall test statistic S can be given as:

where xi and Xj are the ranked values of the data and n is 
the length of the data series for independent and identically 
distributed data, the statistic's variance is given as:

where m is the number of ties values and ti is the number of 
ties of extent i. The Mann–Kendall test statistic, Zs, can be 
estimated as:

In the data series, the positive Z value denotes a posi-
tive trend, while a negative value denotes a downward trend. 
The specific significance level (= 0.05) is used for this test. 
Zs is compared to Z1- α/2 to determine whether a trend is 
significant at that level. If S > Z1-α/2, the trend is significant. 
Z1- α /2 is derived from the normative cumulative distribution 
in this case.

(4)CNII =

∑
(CNi × Ai)∑

Ai

(5)Si =

n−1∑
i=l

n∑
j=i+1

sign(xj − xi)

(6)Sign(xj − xi) =

⎧
⎪⎨⎪⎩

+1 if (Xj − Xi) > 0

0 if (Xj − Xi) = 0

−1 if (Xj − Xi) < 0

⎫⎪⎬⎪⎭

(7)Var(S) =
n(n − 1)(2n + 5) −

∑m

i=1
ti(ti − 1)(2ti + 5)

18

(8)Zs =

⎧
⎪⎨⎪⎩

S−1√
Var(S)

, if S > 0

0, if S = 0
S+1√
Var(S)

, if S < 0

⎫⎪⎬⎪⎭

3  Results and discussion

This study estimated the surface runoff of the Padma River 
basin using the SCS-CN method. The runoff-generating 
process is incredibly intricate, nonlinear, and dynamic, and 
it is impacted by a variety of interconnected physical fac-
tors. To effectively manage and develop water resources, 
a thorough runoff assessment was done. Every year in this 
basin, conditions resembling a drought occur because the 
basin receives below-average precipitation and suffers from 
excessive runoff as a result of unexpectedly heavy precipi-
tation. According to the most recent research, agriculture 
is the primary land use class in the study area. Fallow land 
and open scrubland are two other types of land use that are 
crucial for surface runoff. When measuring soil, the hydro-
logic soil group, which represents soil character, category, 
and infiltration capability, is also extremely useful. 

3.1  Land use land cover (LULC)

The amount of runoff used in this research, which is greatly 
influenced by land use and land cover (LULC) patterns in a 
given area, was made available by the Environmental Sys-
tems Research Institute (ESRI). The ESRI 10-m resolution 

Fig. 2  Land use map of the study area
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land-cover data is especially facilitated with classified land-
cover details; this means the images are previously classi-
fied as per cover classes. However, the major LULC classes 
covered in the study area are trees, agricultural land, built-up 
areas, grassland, and water bodies. The details of land use 
and land cover in the study area are shown in Fig. 2 and 
Table 2. It can be seen that almost 100.22  km2 (56.03%) 
of the Padma River basin area has been used for agricul-
tural purposes. Trees comprised 11.3641  km2 (6.35%) of the 
total area in the study area, with grassland covering almost 
15.5  km2 (8.67%). The flooded vegetation covers 0.022  km2 
(0.012%) of the land, and the bare ground covers 13.745 
 km2 (7.68%). In the basin, the built-up area is 12.066  km2 
(6.75%), and river/water bodies are 25.946  km2 (14.51%).

3.2  Hydrologic soil group

The hydrologic soil group (HSG), computed through the 
soil texture classes, is the most important factor in the runoff 
process after LULC. The HSG map of the study area was 
generated using the Arc GIS software (Fig. 3). The HSG 
is divided into four groups based on the infiltration capac-
ity of the surface soil, most likely A, B, C, and D. Table 3 
presents the HSG categorization results as well as the soil 
classification criteria. With an area of 85.31  km2 (52.22%) 
or more, hydrological soil group C covers the largest por-
tion of the Padma River basin. Group D hydrological soil 
encompasses 11.88  km2 (7.27%) of the research area, group 
C/D hydrological soil covers 32.25  km2 (19.74%), and group 
D hydrological soil occupies 33.94  km2 (20.77%).

3.3  Area weighted curve number

The HSG, LULC, hydrological condition, and antecedent 
moisture status (AMC), a dimensionless number runoff 
index, are used to determine the curve number (CN). Each 
soil type is allocated a hydrologic soil category of Group 
A, B, C, or D based on its infiltration properties. To qual-
ify the magnitude of the curve number (CN), the required 

Table 2  Distribution Land use and land classes (LULC) in the basin

SN LULC types Area  (km2) Area (%)

1 Water 25.95 14.50558
2 Trees 11.36 6.353231
3 Flooded Vegetation 0.02 0.012243
4 Crops 100.22 56.02886
5 Built Area 12.07 6.745412
6 Bare Ground 13.75 7.684021
7 Grass Land 15.51 8.670652

Fig. 3  Hydrologic Soil Group map of the study area

Table 3  Distribution of hydrologic soil groups (HSG) in the study area

*Soil texture classes that typically comprise hydrologic soil groups (HSGs) (USDA, 2009)

SN HSG* Soil Texture* Runoff potential Typical compositions (Ross et al., 2018) Area  (km2) Area (%)

1 C Clay loam, Silty clay loam, 
Sandy clay loam, Loam, 
Silty loam, Silt

Moderately high  < 50% sand and 20–40% clay 1122.11 60.75

2 D Clay, Silty clay, Sandy clay High  < 50% sand and > 40% clay 4.87 0.26
3 C/D Clay loam, Silty clay loam, 

Sandy clay loam, Loam, 
Silty loam, Silt

High  < 50% sand and 20–40% clay 711.67 38.54

4 D/D Clay, Silty clay, Sandy clay High  < 50% sand and > 40% clay 8.20 0.45
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manipulation and overlay operations of the LULC class and 
the HSG were performed in the GIS platform. The values of 
CN typically fall between 1 and 100. Both Fig. 4 and Table 4 
provide an in-depth explanation of the LULC and HSG's 
connections to the CN. The CN value has a direct correlation 
to the amount of runoff. An overlay analysis was carried out 
with Arc GIS 10.8 using a soil, land use, and hydrologi-
cal soil group map to produce a new attribute table. This 
analysis was used to generate the table. The overall area-
weighted curve number for the study region is calculated 
using the results from these HSGs and attribute tables. The 
minimum curve number that can be assigned to crops is 70, 
while the maximum curve number that can be assigned to 
water bodies is 98.

3.4  Rainfall analysis

There is a significant variation from year to year in the typi-
cal amount of precipitation that is received in this area. As a 
result of this, the investigation that is currently being carried 
out makes use of rainfall data ranging from 2010 to 2020. 
The highest annual average rainfall was recorded in 2020, 
with 3094.86 mm, while the lowest was recorded in 2012, 
with 1095.65 mm. There is very little room for doubt that the 
average annual rainfall in the studied area is steadily rising 

as time passes. In addition, annual rainfall totals on average 
are also significantly higher than elsewhere in Bangladesh. 
There is a possibility that the variation in precipitation could 
be attributed to climate change.

3.5  Runoff assessment

The eleven-year’s annual precipitation and runoff for the 
Padma River Basin can be found demonstrated in Fig. 5. 
The SCS-CN method was utilized to perform the runoff 
computation in this study. The river basin's annual runoff 
averaged 409.67 mm from 2010 to 2020, with the highest 
runoff recorded in 2017 at 1040.74 mm and the lowest runoff 
recorded in 2017 at 91.83 mm. The average annual rainfall 
in the study area is 4506.45 mm, which represents 22.25% 
of the annual runoff volume.

3.6  Autocorrelation

It is necessary to specify the autocorrelation character-
istics of the runoff data series before making a decision 
regarding the trend detection test. A perfect positive 

Fig. 4  Curve Number map of the study area

Table 4  LULC and HSG and their corresponding CN values

SN LULC HSG Area  (km2) CN

1 Bare ground C 2.94 97
2 Built area C 6.99 91
3 Crops C 38.95 91
4 Flooded vegetation C 0.01 95
5 Grass land C 3.98 95
6 Trees C 6.80 94
7 Water C 6.54 94
8 Bare ground C/D 0.55 95
9 Built area C/D 1.29 95
10 Crops C/D 20.30 83
12 Grass land C/D 0.62 83
13 Trees C/D 1.95 87
14 Water C/D 0.68 87
15 Bare ground D 2.80 98
16 Built area D 2.70 98
17 Crops D 12.33 95
18 Grass land D 2.41 95
19 Trees D 0.86 74
20 Water D 4.61 74
21 Bare ground D/D 0.60 80
22 Built area D/D 0.27 80
23 Crops D/D 6.64 70
24 Flooded vegetation D/D 0.00 70
25 Grass land D/D 0.47 77
26 Trees D/D 0.20 77
27 Water D/D 0.71 98
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correlation is represented by an autocorrelation of + 1 
(an increase seen in one time series leads to a propor-
tionate increase in the other time series), and a perfect 
negative correlation is represented by an autocorrelation 
of -1 (an increase observed in one time series results in 
a proportionate decrease in the other time series) (Tim 
Smith, 2023). Figure 6 shows an autocorrelation of the 
monthly surface runoff of the study area. The lag time of 
the monthly runoff is represented by the abscissa, while 
the autocorrelation is shown by the ordinate. Here, we 
can see that there is a big spike at lag 1 and consider-
ably smaller spikes for the subsequent lags. Lag times 4 
to 6 and 13 to 18 have been observed to have negative 

autocorrelation. On the other hand, positive autocorrela-
tion has been observed for all the other lag times. Based 
on the findings of the analysis, it can be seen that almost 
all of the autocorrelations are found to be within the 95% 
confidence limit. A few lags fall outside the 95% cer-
tainty confidence limit. According to this research, across 
all monthly runoff amounts at different periods, there is 
non-significant autocorrelation. Rainfall data with daily, 
monthly, seasonal, and yearly temporal levels were associ-
ated for both significant and non-significant autocorrela-
tions analysis (Rashid et al., 2013).

Fig. 5  Yearly rainfall-runoff 
variation over 10 years 
(2011–2020)

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Rainfall 1272.5 1496.7 1095.7 1239.8 1343.8 1658.6 2035.6 3094.9 1998 2471 2540.3
Runoff 166.96 323.34 91.83 133.67 247.17 352.26 433.07 1040.7 427.52 732.12 557.77
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Fig. 6  Autocorrelation function 
for different lags of monthly 
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3.7  Monthly runoff trend

From 2010 to 2020, a trend analysis of the monthly sur-
face runoff for the Padma River basin was carried out. The 
monthly values demonstrated that runoff varies with the 
seasons, with most of the values being high from May until 
September. The majority of the high values occurred during 
this period. The runoff reached its maximum during these 
months, then began to decline. The height runoff deviation 

was measured at 285.69 mm in July 2016, then decreased to 
155.16 mm in October of the same year. Therefore, during 
the period that was analyzed for the watershed, no discern-
ible changes in the trend line for the monthly runoff were 
seen to have a statistically significant impact. The basin's 
monthly flow was decreasing, with a Sen slope of approxi-
mately 0.08, according to the findings (Fig. 7).

3.8  Mann–Kendall trend analysis

The Mann–Kendall test reveals whether there are mono-
tonic trends in either a positive or negative direction. This 
technique was used to find any monotonic trends that might 
have been present in the runoff data series. The outcome 
of the Mann–Kendall test and Sen slope analysis of the 
monthly runoff patterns are shown in Table 5. The test's 
null  (H0) or alternative  (H1) hypotheses are indicated by 

Fig. 7  Monthly deviation from 
average surface runoff amounts 
in the watershed
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Table 5  Mann–Kendall trend and Sen slope analysis

Man-Kend-
all trend
(α = 5%)

H0 hypoth-
esis
(α = 5%)

Kendall's 
tau

p-value
(Two-tailed)

Sen's slope

Yes Rejected 0.18 0.002 0.08

Fig. 8  Mann–Kendall trend and 
Sen slope analysis from surface 
runoff amounts
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the two-tailed p-value. The alternative hypothesis suggests 
an increasing or declining trend in the runoff data series 
if the null hypothesis is rejected. The p-value was higher 
than the 0.05 criterion of significance. Because the p-value 
was greater than the significance level, it demonstrated 
that the null hypothesis was rejected and the alternative 
hypothesis was accepted. Accordingly, it was statistically 
significant for this watershed that there were both decreas-
ing and growing tendencies. This watershed's Sen slope 
value of 0.08 indicates runoff trending uphill Table 5. One 
should reject the null hypothesis H0 and accept the alter-
native hypothesis Ha since the computed p-value exceeds 
the significance level (α = 5%). Less than 0.22% of the 
time, the null hypothesis  H0 is rejected even when true. 
Figure 8 presents the graphical look of the Mann-Kendell 
test and Sen Slope.

3.9  Smooth curve and runoff potentiality

The runoff from the study area is shown as an undulating 
curve in Fig. 9. It demonstrates that while the runoff levels 
fluctuated from peak to peak, all peaks occurred between 
May to September, when most of the rainfall took place. 
This analysis suggests that the runoff has features that 
manifest as varying degrees of effect for the study area. A 

solid correlation between the two criteria was shown by the 
basin’s anticipated monthly rainfall-runoff relation (Fig. 10) 
and a linear relationship was discovered between monthly 
rainfall and runoff (R2 = 0.811). According to this analysis, 
the SCS-CN approach can be used to predict the surface 
runoff resulting from the rainfalls in the Padma River basin.

3.10  Discussion

The study aim was to identify runoff levels in the years 
2010–2020 using the GIS-based SCS-CN method in the 
study area. Rainfall intensity changes can have a sig-
nificant impact on the parameters of the model used to 
estimate runoff (Wang & Bi, 2020). In 2012, the lowest 
rainfall was observed, and therefore the lowest runoff was 
estimated in the study area. In terms of monthly rainfall-
runoff condition in this year, the maximum rainfall and 
runoff occurred from July to September. In November, 
although the rainfall was relatively low, the runoff was 
estimated to be substantially higher due to the fact that 
there were six consecutive days with heavy rainfall dur-
ing the first week of this month. In November, although 
the rainfall was relatively low, the runoff was estimated 
to be substantially higher due to the fact that there were 
six consecutive days with heavy rainfall during the first 

Fig. 9  Runoff and smoothing 
curve of the basin
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week of this month. On the other hand, over the study 
period, the maximum yearly rainfall and runoff were found 
in 2017, and they were followed by the rainfall and runoff 
of the year 2019. Notably, in 2017, there was high rainfall 
throughout the year except for January and February; espe-
cially, the consistently continuous rainfall received during 
July resulted in a substantial amount of runoff. Neverthe-
less, the rainfall in 2019 was found to be comparatively 
lower than that of 2020, and the resulting runoff was esti-
mated to be higher owing to the consistent rainfall pattern 
over the year in 2019.

The amount and timing of runoff were found to be 
significantly influenced by the physiographic factor, par-
ticularly the LULC change dynamics, in addition to the 
climatological element (Khzr et al., 2022). Since LULC, 
changes have significantly converted forests to agriculture 
or urban areas, as well as changes in the type of vegetation 
cover, such as deforestation or reforestation. Therefore, 
these changes greatly alter the way water moves through 
the landscape, affecting the amount of runoff, infiltration, 
and evapotranspiration (Das et al., 2018). There was less 
urban and high-slope terrain in this study; thus, the aver-
age runoff was correspondingly lower (Radwan et  al., 
2020).

Overall, the use of a GIS and RS platform in the SCS-CN 
approach for runoff assessment in the Padma River basin 
provided crucial information for water management and 
planning efforts in the region (Satheeshkumar et al., 2017b). 
It is essential to clearly figure out the factors that directly 
influence to the quantity quality and timing of the runoff 
to maintain the environmental flow to the river and to safe 
guard the riverine that are most at risk (Kuriqi et al., 2019). 
Decision-makers however, can take proactive measures to 
protect human lives, infrastructure, and overall ecosystem 
from the impacts of water-related hazards.

4  Conclusions

In this study, the SCS-CN model was combined with GIS 
techniques to figure out how much water could run off the 
surface. Several meteorological, topsoil textural, and spatial 
data, such as precipitation, soil texture and types, land use 
and land-cover classes, were taken into account as impor-
tant input parameters to the SCS-CN model. Here, GIS was 
therefore used to perform some robust chores like integrating 
and interpreting all input and output parameters and plot-
ting them alone with their spatial and temporal distribution. 
Based on the texture classes and hydrological condition, the 
soil in this area primarily belonged to the C, D, C/D, and 
D/D soil groups. The area average weighted curve number 
of the entire watershed was determined considering a variety 
of sub-catchments with various CNs. For the hydrological 

soil groups C, D, C/D, and D/D, it is advised that weighted 
curve numbers be used since this will result in less varia-
tion in CN values between the groups. For proper surface 
runoff, the distributed CN value considers hydrological soil 
groups. The monthly runoff patterns over the study period 
were analyzed using autocorrelation, Mann–Kendall, and 
Sen slope estimation techniques. The Mann–Kendall test 
indicated a significant difference in this watershed, and it 
revealed a trend with a Sen slope of 0.08; it also indicated 
that these runoff data series exhibited a substantial trend. 
Even though the seasonal changes in the runoff value were 
noticed due to the discrete pattern of the runoff data set, the 
overall surface runoff over the time of the study was shown 
by a smooth curve. These curves shifted due to the seasonal 
variation in monsoonal rainfall. Most of the curve's highest 
peaks occurred between May and September when precipi-
tation peaked. The monthly mean runoff, determined using 
smoothing curves, has a value of 34 mm. Surface runoff 
transports about 26% of the water from rainfall directly to 
the river. This trend and water volume directly reveal the 
distribution and contribution of rainwater. Planning the man-
agement of surface water and the potential and contribution 
of groundwater recharge may benefit from it.

However, it indeed appears true that the surface runoff 
estimation in a watershed or at some greater spatial scale 
has always been found to be challenging, especially where 
there is a scarcity of the necessary reliable data required 
to run a runoff model. The accuracy and reliability of the 
estimated runoff results depend on the spatial and temporal 
resolution of the input data set. The higher the resolution 
of the data, the more accurate and reliable the results will 
be. The volume of runoff in a river basin can only be accu-
rately estimated with knowledge of the rainfall, land use, 
and soil types. To predict and measure runoff, it is important 
to consider factors for rainfall, such as intensity, duration, 
and dispersion. Various storm and drainage features, basin 
size, topography, and other elements influence the interplay 
between rainfall and runoff. It is important to assign the 
right CN value to each land use and soil attribute to measure 
runoff in each land use class. Although estimating the runoff 
in a very large basin, such as the Padma basin in Bangla-
desh, was rather difficult, the result was improved by divid-
ing river basins into smaller watershed zones where there 
was more control over database construction and analysis. 
In the monsoon and pre-monsoon seasons, the humid Padma 
River basin receives unusually strong rainfall and occasion-
ally encounters flash floods. In addition, irregular and insuf-
ficient precipitation, floods, soil erosion brought on by heavy 
rains, and a rapid rate of surface drainage are all frequent 
occurrences. The above data could be combined with our 
most recent research to produce an appropriate amount of 
runoff and a scenario for comprehending and managing 
water resources in the study area. This could be seen as a 
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future extension of the current study's work, which could 
lead to better results.
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