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Assam is a state in Northeast India facing floods every year which leads to human misery and devastation of nature. The objective of this
review is to explore the natural and anthropogenic factors causing flood in Assam over a period of 11 years. The SCOPUS, Science Direct,
and Web of Science databases were searched to identify relevant studies in Assam. The outcome of interest was to identify the natural and
anthropogenic factors that contributed to the occurrence of floods in Assam from 2010 to 2020. Data were charted and reported in accordance
with the “PRISMA guidelines.” From 1582 screened citations, 54 articles went under full-text screening, among which 35 studies were eligible
for this review. Rainfall events, climate change, urbanization, deforestation, improper drainage and embankment construction contributed
most. This review concludes that anthropogenic factors outweigh the natural factors for flood occurrence in Assam.
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INTRODUCTION

Assam, India’s largest state in the north-eastern region, is one
of the states ravaged by floods. The river Brahmaputra flows
through Assam and is called “the sorrow of Assam” due to
its tendency to flood, which comes with heavy detriment and
destruction. It all commenced with the massive earthquake that
devastated Assam in 1950. Along with claiming human lives,
it also resulted in changing the course of the Brahmaputra
river. The aftermath of the earthquake had an impact on the
river; however, over the years, the problem was accentuated
by both natural and man-made interferences. According to
the Assam State Disaster Management Agency’s daily flood
update, 5.69 million people have been affected by the monsoon
in Assam, flooding 30 of the 33 districts as of August 2020.M
Apart from this, the floods have also affected the wildlife, as
the Kaziranga National Park was almost entirely submerged.
According to the Rashtriya Barh Ayog, around 40% of Assam’s
total land is flood-prone, and the state accounts for 9.4% of
India’s total land area vulnerable to floods."!

The problem of flooding in the state has been recurring,
and the aftermath of the disaster is only getting worse. This
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region is hit by floods every year, and the causes are known
to be both natural and anthropogenic. Many studies have
identified the causes of flooding as natural and manmade,
but the crux of these findings is focused on the impact and
management measures that occur due to the event. These
concerns are related to human health, infrastructure, affected
individuals’ socioeconomic well-being, and damage to the
health-care system. There is a need to explore each of the
factors contributing to the occurrence of floods in the state.

Therefore, the current scoping review was undertaken to
explore the contribution of various natural and anthropogenic
factors in causing floods in Assam. This will help in the
planning of policy or intervention to prevent the damage to
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life and property caused by frequent floods in the state and the
optimal allocation of limited resources.

MEeTHODS

The review protocol was developed using a scoping review
framework.B! The process included the following steps: (1)
identifying the research question and purpose; (2) identifying
relevant articles; (3) selecting articles for inclusion; (4)
extracting data from included articles; and (5) summarizing,
analyzing, and reporting results.

Identifying the research question

The question that guided this scoping review was: “What are
the factors, natural or anthropogenic, responsible for the yearly
occurrence of floods in the state of Assam?”

Identifying relevant studies/search strategy

Three electronic databases were included: SCOPUS, Science
Direct, and Web of Science. The literature search was limited
from 2010 to 2020 (11 years) using the keywords “flood
factors” (“rainfall” OR “cloudburst” OR “watershed” OR
“urbanisation” OR “encroachments” OR “deforestation”
OR “dams”) AND (“factors” OR “cause” OR “floods”);
location (Assam); and time frame (“2010” to “20207).
Additional literature was searched in the references of screened
full-text articles.

Inclusion and exclusion criteria

Review articles, case studies, viewpoint papers, cross-sectional
studies, case—control studies, cohort studies, literature reviews,
narrative reviews, systematic reviews, meta-analyses, and rapid
reviews were included in this review. Studies with full-text
access and clear statements of association between flood
factors and flood occurrence were included. Other criteria
included articles in English and any studies published from
2010 to 2020.

Study selection

All the references meeting the inclusion criteria were
imported into the EndNote X9 software. A three-stage (title,
abstract, and full-text) screening and data extraction were
done independently by two authors, with arbitration by a
third author. The substance of the eligibility criterion was
examined in terms of linkages drawn between the flood
factors and the occurrence of floods in the state of Assam.
The reviewers discussed the screening results in order to
establish a consensus on which items should be included in
the final list.

Data extraction

The data were encoded in a single Microsoft Excel 2013
worksheet (Microsoft Corporation, Redmond, WA, USA).
The data were organized into a data-charting form to ensure
a uniform approach. All the data collected were categorized
into emerging themes and key issues within the conceptual
framework. Key features of each study included authorship,
article title, year of publication, geographical context,

methodological characteristics, and natural and anthropogenic
factors.

COLLATING, SUMMARIZING, AND SYNTHESIZING THE

RESULTS

Searches of the three electronic databases identified 1582
studies (Science Direct: 1310; Scopus: 224; and Web of
Science: 48). Overall, 1150 articles were excluded as
duplicates, after which 432 studies were examined. The 432
studies were retrieved, and initially, the titles and abstracts
were reviewed. A majority of the 387 articles were omitted
since they were not related to the study area. A total of 45
studies passed the abstract screening. Following a review of
the full-text, 25 studies were deemed to have no mention or
explicit association with flood-causing factors, not limited to
the state of Assam, and their findings were not relevant to this
study. Fifteen studies were retrieved from references found in
the selected articles. Thus, this review included a total of 35
studies for the final data extraction [Figure 1].

ResuLts

General characteristics of the included studies

Among the included studies, 54% (n = 19) were published
in the last 5 years of this current study (2016-2020), and the
remaining were published between 2010 and 2015. In terms
of geographic location, 37% (n = 13) of the studies included
Guwabhati city, while the rest included other districts of Assam.
About 85% (n = 30) of the studies were published articles,
6% (n = 2) were reports, 6% (n = 2) were conference papers,
and 3% (n = 1) were a working paper.

Methodological characteristics of the included studies
The studies in this scoping review included 26% (7 = 9) mixed
methods, 20% (n = 7) secondary data analysis, 20% (n = 7)
literature reviews, 14% (n = 5) qualitative studies, another
14% (n = 5) statistical analysis, and 3% (n = 1) a case
study and a working paper. Statistical tests like the Mann—
Kendall trend test and the Analytical Hierarchy Process,
in-depth interviews, semistructured interviews, focus group
discussions, surveys, observation questionnaires, remote
sensing, and GIS mapping were performed as measurement
methods to collect data in the included qualitative and mixed
methods studies. Based on the nature of the factors assessed,
the characteristics of the included studies are represented in
Table 1.

Among all the studies included, 40% (n = 14) of the studies
identified both natural and anthropogenic factors contributing
to floods in Assam, 37% (n = 13) of the studies identified only
anthropogenic factors, and 22% (n = 8) of the studies identified
only natural factors as responsible for flood occurrence in the
state.

The articles in this review explored or reported on a number
of factors that contribute to the occurrence of floods in
Assam. Figure 2 represents the reported natural factors and
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Figure 1: Flowchart illustrating the number of records identified through initial searches, then processed through relevance and eligibility screening
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Figure 2: Distribution of factors assessed in the included studies (count)

anthropogenic factors contributing to flood occurrence from
the included studies.

It can be seen that urbanization accounts for 45.7% (n = 16)
of the reported factors, followed by rainfall events at
42.8% (n=15), deforestation at 34.2% (n = 12), and changes in
land use at 17% (n = 6) of all the factors retrieved. Geomorphic

features, an absence of drainage, an inefficient drainage system,
and encroachments, each of which accounts for 14.2% (n=15)
of the listed factors.

The year-wise distribution of identified factors causing
floods in Assam, both natural and anthropogenic, is depicted
in Figure 3. The initial years reported only natural factors,

.International Journal of Environmental Health Engineering | 2023




8L+AWAOANDMMN8eAAIAVO/FONEIDVIASALLIAIPOOAEIEAHIOI/ADAU

MVYTXOMADYOINXYOHISABZIYTCN+RYNIOITWNOTZTARYHASHINAUE Aq yali/wod mm; speulnol//:dny wouy papeojumodq

G202/0€/¥0 uo

Sankam, ef al.: Factors contributing to floods in Assam

Table 1: Characteristics of factors in the included studies

Nature of factors assessed n Reference and study design
Mixed-method Secondary Qualitative  Statistical  Literature =~ Working Case
study data analysis analysis review paper study
Natural 8 [4-6] [7-9] [10,11]
Anthropogenic 13 [12,13] [14,15] [16] [17,18] [19-22] [23] [24]
Both natural and anthropogenic 14 [25-30] [31] [32] [33] [34-36]
Foctors I Absence of drainage
Absence of drai Altered rainfall patt.
Altered n:nohll p:::: . . . | Blocking of drains
Blocking of drains . . Breach in embank..
Breach in embankments [ Breach of embank..
Breach of embankments . [ | M Change incoursc 0.
Change in course of river | | Chmgﬁ in land use
Changes in land use [ | | I cn_okmg of natural ..
Choking of natural waterways . . . : ghmalc cMg;
Climate change ‘onstruction of .cm..
Construction of embankments L [ | [l Dams/ Reservoirs
Dams/ Reservoirs [l Deforestation
Deforestation I I . . . . Encma.chm:fu
Encroachment Excessive rainfall
Excessive rainfall [ Extreme rainfall ev..
Extreme rainfall events | ] . o Gwmorphi; fcalm..
Geomorphic features | Heavy precipitatio..
Heavy precipitation event Heavy rainfall
Heavy rainfall [N Improper .dni.nag: i
Improper drainage system o ] [ ] [ | [ | [ | O Jhum cultivation
Jhum cultivation Land erosion
Land erosion M Landslide
Landslide M Rainfall during mo..
Rainfall during monsoon || I ] o I O Rim ovmfpillmg
River overspilling . I Riverbed rise
Riverbed rise . 1 Road network
Road network I . [ Sediment deposit fr..
Sediment deposit from hills B Seismic activty
Seismic activity M Sevage blocking ..
Sewage blocking natural waterways . . Solid was!f disposa..
Solid waste disposal into natural drains | | Smng moisture ..
Strong moisture transport events I [ Urbanization
bt (I | E E N m
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year

Figure 3: Year-wise distribution of identified factors causing floods in Assam

but many anthropogenic factors were reported over the
years.

Natural factors assessed
Figure 4 represents all the natural factors reported in the
included studies. The main natural factors reported are:

Climate change and rainfall events

Among the natural factors identified, four studies include
climate change and changing weather patterns,!’=7>% which
resulted in heavy downpours and altered rainfall patterns.t*!
Rainfall during the monsoon season,%%3%3 nature being
extreme and excessive or heavy rainfall,l!%!16.17.19-21241 and
heavy precipitation events!'>'®2?! were discovered to be major
factors in the occurrence of floods in the state. It was also
discovered that, while overall seasonal rainfall was decreasing,
extreme rainfall events were increasing,!'*?" resulting in more
rainfall in a short period of time, which is a contributing
factor to urban flooding. One study discussed strong moisture
transport in association with heavy precipitation events having
a widespread link to floods.??

Geomorphic features and changes in the course of the
river

Other factors that contribute to flooding include geology
and geomorphology,>!1:1°1 the contour and slope of the

region (steep slopes and easily erodible rocks), and changes
in river course.! Due to the unique topography of the state,
extreme rain events result in flash flooding due to the unique
topographic feature of the state.!!”

Seismic activity, landslides, and erosion

The studies identified that the river bed rises!!*!*! due to
landslides,*!"?" and large amounts of sediment and silt deposits
flow into the river water, which in turn results in the river
overspilling!®2% and causing a flood. In addition, it was found
that seismic activity,!1*2% which results in landslides!'"! and
land erosion,['**! is responsible for pushing the soil and debris
into the river, which raises the river bed and causes floods.

Anthropogenic factors assessed
Figure 5 depicts all the anthropogenic factors reported in the
included studies, and the important ones are as follows:

Urbanization

Among the identified studies, 16 identified urbanization
as the major factor responsible for floods in
Assam, 437 1L1415.17.19-2124.25.33.34.39] (Jrbanization of flood-prone
sites, squatter settlements, and improper construction at the
core of the city are responsible for floods.['”** Flood occurrence
in the state has been exacerbated by unplanned urbanization,
particularly in the hills and lowlands, as well as remarkable
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River overspilling Riverbed rise Seismic activity Strong moisture transport events

Figure 4: Natural factors assessed in the included studies

population expansion in plain areas and flood-prone belts with
densities exceeding 200 people per square kilometer.”!1:15:17]

Deforestation

Deforestation was identified as a factor responsible for flood
occurrence in 12 of the included studies.[”!1:16:17:19-21.26-2831.35]
The extent of the negative impacts and the intensity of floods
are both significantly influenced by forest cover. The presence
of trees acts as a natural flood control measure.*!! Tree roots
absorb water and help keep soil in place (reducing erosion and
anchoring topsoil). Massive erosion and destruction of hills
has resulted from hill cutting for development and illicit tree
felling, resulting in flash floods.*"

Drainage system

Five studies identified an improper drainage system,!!>!9-20-24.23]
and five studies identified the absence of a drainage system
as the reason for flooding.["!?126283% The studies identify the
inadequate design of the drainage system and blockage of
the natural drainage system (NDS) due to human activities
like garbage dumping and the construction of roads, bridges,
railway tracks, and buildings,!'>!*2%1 which result in flooding
and improper drainage management.**! Flooding is caused by
a lack of adequate gradient to drain excessive river discharge,
increased silt load due to deforestation, and landslides.!'!?®!

Land use changes, “Jhum cultivation,” and sediment yield
Six studies identified changes in land use and land cover as
a factor in flood occurrence caused by external factors and
constructions.>!11617.24341 Three studies identified the practice
of shifting cultivation to “Jhum” as a factor.[!'22%] This
shifting of cultivation accelerates soil erosion and accentuates
the variability of rainfall, leading to flooding. Another study
identified that sediment yield from surrounding hilly areas is
a major factor that leads to flooding of the areas located in
the plains.t'*]

Encroachments and embankments
Among the included studies, five studies identified
unplanned developmental activities leading to the

’

7‘

’

® Absence of drainage  ® Blocking of drains @ Breach in embankments
® Changes in land use  ® Choking of natural waterways

® Construction of embankments Dams/ Reservoirs @ Deforestation
Encroachment @ Improper drainage system Jhum cultivation

® Road network @ Sediment deposit from hills

@ Sewage blocking natural waterways

@ Solid waste disposal into natural drainage @ Urbanization

Figure 5: Anthropogenic factors assessed in the included studies

encroachment of natural reservoirs. Flooding was
exacerbated by encroachments caused by unplanned
land-use practices.['!1921:2634 Three studies discussed how
the construction of embankments raises the river bed further
as the silt that was earlier spread out in the flood plain gets
deposited inside the river channel, causing floods, and
how the construction of sluices has restricted the natural
flow of water, forcing it to break the embankments and
cause floods.l*12% Floods caused by a sudden breach of
embankments or failure of embankments were discussed in
two studies as being far more damaging than normal floods
or floods caused by rivers spilling.[!828

Blocking of drains and natural waterways

The studies discovered sewage and other human activities
clogging and blocking natural waterways.[>7-21:232631 Solid
waste disposal into drains and wetlands resulted in the
choking of the natural waterways, resulting in flooding.?"2¢!
Two studies discussed the blockage of drains with sediments

brought down from the inhabited hills that are exacerbating
urban floods.['**!

Dams, reservoirs, and the road network

Three studies identified improper and unplanned construction
of dams and reservoirs, resulting in dam-induced flooding in
the state.?*3236] Unleashing the dam resulted in a problem of
artificial flooding and environmental degradation, making the
surrounding areas vulnerable.** This release of water for the
operation of the project can create dam-induced floods in the
downstream areas along with impacts on river flows, leading
to extensive flooding.? Three studies identified the improper
construction of roads and road networks (arterial, subarterial,
collector, and local street network), leading to congestion and
inadequate drainage capacity. Drainage congestion accelerated
floods.1>:192¢]
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Many factors have been identified as contributing to the
occurrence of floods in Assam. Studies have identified
that natural factors coupled with human activities have
accelerated the flood situation, inflicting large-scale
devastation on the people and destruction of the environment
with little or no mention of all the factors as a whole.['!
However, in a consolidated manner, this study discussed in
detail each of the factors identified as causing floods in the
state. Assam has put in place several measures to mitigate
the occurrence of floods due to both natural and man-made
factors."

In general, based on the findings of the review, there is a
reasonable understanding of what the causes of flooding
are. Most studies address rainfall events, geomorphic
features, urbanization, deforestation, and inefficient drainage
management. Many of the studies have been written after
carrying out flood investigations, while others are reviews.
There is less certainty in the assessment of the causes where
field investigations have not been carried out, but the causes
are relatively obvious in many instances.

Apart from heavy rainfall events, especially during the monsoon
season, geomorphic features of the state and urbanization are
unsurprisingly the most common anthropogenic flooding
causes. Improper construction of road networks, drainage
systems, and dams is frequently reported as exacerbating the
state’s flood trend, particularly during heavy rainfall events,
and the urban environment naturally contributes to the flood
situation.

Deforestation is another major concern. Cutting down trees
and destroying wetlands for reasons such as development
and “Jhum” cultivation practices is having a negative impact
on the flood control mechanism. Forest cover and wetlands
conservation are believed to be essential for flood control
because trees help keep soil in place, their roots soak up
water (reducing erosion and anchoring topsoil), and they
operate as a natural flood control technique.

Another factor identified was the construction of embankments,
which further raise the river bed due to the silt that was once
widely distributed, now gets trapped in the embankments.
Furthermore, the failure or breach of embankments is said to
be more damaging than floods caused by the river’s natural
process of overflowing. 328

Solid waste disposal and sediment deposits result in the
blocking of drains, and these blockages of the NDSs can result
in flooding in the surrounding areas. Similarly, due to the rapid
accretion of debris that occurs due to heavy rainfall, this can
result in river bed rise and river overflow, resulting in flooding
near the river bed areas. In some catchments, there is limited
provision for drainage of the runoff, which leads to many
instances of urban flooding. For example, an inadequately
sized drainage system causes floodwater to flow into roads
from adjacent lands.

Studies also identified flooding due to improper construction
and management of dams and reservoirs. Unleashing the dam
resulted in problems of artificial flooding and environmental
degradation, making the surrounding areas flood-prone. In
Assam, dams were built to generate hydroelectric power but
not as a measure to control floods, and in recent years, Assam
faced dam-induced flooding that caused immense destruction
to human lives, property, and wildlife due to the ill-planned
engineering of dams and embankments. Local communities
now believe that the unreliability of the deteriorating
infrastructure is the primary source of their unrelenting flood
and drainage problems, as per the Flood and Riverbank Erosion
Management report.”

It is identified from the review that anthropogenic factors
outweigh the natural factors for flood occurrence in Assam,
causing immense loss of life, destroying livelihoods, and
affecting wildlife. This makes flooding a public health problem,
and it leads to communicable diseases, the loss of lives, damage
to health-care infrastructure, transportation, inaccessible health
services, hampering the economy, and affecting the mental
health of the people. The increase in the intensity of floods is
also leading to population displacement in flood-prone areas.
Floods were once thought to be a good thing because they
enriched the soil and increased biodiversity, but they wreaked
havoc over time. We surely cannot control the occurrence of
floods, but we can prevent them from becoming disasters by
planning better mitigation efforts and strategies.

Floods are an annual calamity in the state of Assam, caused by
a variety of natural and anthropogenic factors. All the factors
responsible are interlinked. The causes of floods vary and might
require different control strategies. There is a need for further
research to demonstrate the impacts and effects of floods and
the factors causing floods on human health-related outcomes
and to provide better data for understanding population
vulnerability. There is also a need for further research to assess
the adaptation of the vulnerable communities to each factor
contributing to floods, with added emphasis on the integration
of region-specific information.
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