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Abstract 

The Bengal Delta, created by the Ganges–Brahmaputra–Meghna river system, 

is one of the most dynamic and populated flood plains of the world. This study 

provides a comprehensive overview of the British colonial interventions in the 

ecological and hydrological system of the delta, by means of land revenue 

policy, embankment and drainage works. It synthesizes 27 peer-reviewed 

journal articles, book chapters and monographs 15 empirical studies of the 

Bengal Delta, 7 comparative and contextual studies and 5 theoretical anchors 

published between 1990 and 2025. Three themes are touched upon: adaptation 

to the floodplain before colonization, hydraulic transformation during 

colonization, and socio-ecological consequences over the long term. Until 

colonial times, Bengal was a robust social water system, which supported soil 

fertility, fisheries and crop production by regular inundation. Hydraulic 

modification for flood exclusion and revenue extraction, under colonial policies 

by Permanent Settlement (1793) affected sediment flow, hydrological 

connectivity and caused water logging, salinity intrusion, reduced fish 

productivity, soil degradation. Flood vulnerability in the delta is thus not only a 

consequence of climatic change, it is also the imprint of colonialism on water 

governance that continues to this day.  

Keywords: Bengal Delta, Colonial Ecology, Flood History, Environmental 

Transformation, British Colonialism. 
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1. INTRODUCTION 
In the Bengal Delta, the result of the Ganges–Brahmaputra–Meghna basin, which is one of the world’s 

most complex and productive riverine systems, water has always been the crucial determinant of life. It 

is a landscape that is not simply a surface but rather an interface with the hydrology, and it is constantly 

being formed, eroded and refilled on seasonal and multi-decadal time scales (Coleman, 1969; Allison et 

al., 2003). It was used to coming and going with the water; seasonal flooding was part and parcel of its 

communities, part of the ecology, which nourished agriculture, fisheries, and soil replenishment via 

nutrient-rich silt. 

The study of environmental history has come to view deltas as “amphibious landscapes”, in which 

water is an organizing principle for life, not a resource to be manipulated (Worster, 1985) and studies of 

the South Asia have identified flexible strategies that cope with monsoonal variability rather than 

attempts to control water (Gadgil & Guha, 1992; Arnold, 1996). In Bengal, pre-colonial adaptation was 

in the form of other ecological adaptations such as “the flood calendars, seasonal labour migrations, 

raising of homesteads and canal networks” (Iqbal, 2010; Bhattacharyya, 2018), not technological deficit 

or failure. The floodplain regime of the neighbouring Orissa delta is described as “flood-dependent” and 

permeable by D’ Souza (2006) and Iqbal (2010) demonstrates that inland fisheries, seasonal farming and 

riverine mobility were inter-related livelihood strategies in eastern Bengal, challenging the notion of the 

inherently unstable Orissa delta that needs technical correction. 

The existing literature on colonial environmental history indicates an epistemic turn colonialism in 

South Asia was not just a political-economic project but an ecological one as well, restructuring land 

water relations (Grove, 1995; Gadgil & Guha, 1992). This was most pronounced in Bengal where the 

Permanent Settlement of 1793 separated agrarian relations from the ecological processes: land was made 

an economic good for forever taxation, and water systems were perceived as dangers, wastelands to be 

regulated, drained, or eradicated. In eastern India, embankments and river regulation were used for the 

benefit of colonial capitalism, by keeping floods out of the way and protecting revenue (D’ Souza, 2006; 

Bhattacharya, 2020), but at the same time changing river regimes, raising river levels and creating 

potential for embankment failure. This was an ad hoc and reactive approach to address local crisis and 

successive interventions destabilised the deltaic system instead of controlling it (D’ Souza, 2006; Iqbal, 

2010; Ghosh, 2021). 

Political ecology interprets these changes as a manifestation of a process of power inequalities: 

environmental change is a product of the interplay between political economy and ecology (Blaikie & 

Brookfield, 1987), and the burden of environmental change is unevenly distributed (Bryant & Bailey, 

1997). By transferring the ecological risk to the peasant cultivators and to the fishing community, 

colonial hydraulic regime in Bengal ensured the revenue flow to the state and intermediary landlords 

despite the ecological deterioration, recognizing it but putting down on the back burner with financial 

issues (Grove, 1995). The histories of water control in the Bengal Delta are associated with waterlogging, 

salinity intrusion, changing sediment distributions and flood uncertainty other than the idea of 

“progressive control” elsewhere also (Gilmartin, 1994; Molle et al., 2009). 

Even this large volume of work, there are still some holes in the research. Current work is disciplinary, 

and parallels are drawn between the explanations of particular changes for the delta provided by 

environmental historians, hydrologists, geographers, and political ecologists. Further, the bulk of 

literature is still on the macro-level of policy and infrastructure and lived ecological experience of 

peasant and fishing communities is less well represented, partly due to archival bias (Arnold 1996; 

Sivaramakrishnan 1999). A long during synthesis of pre-colonial, colonial, and postcolonial scholarship 

is still scarce, comparative delta studies are still underdeveloped, and the entrenchment of colonial 

hydraulic logics in post-colonial flood management and climate adaptation has only just begun to be 

explored (Dewan, 2021). 
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This study thus systematically reviews 27 works which are split amongst three themes: pre-colonial 

ecological organisation, colonial hydraulic and agrarian transformation, and long-term environmental 

consequences, 15 of which are empirical works on the delta itself, 7 comparative and contextual works 

and 5 theoretical anchors. Its core idea is that the current vulnerability of the delta is not only a result of 

natural variability and changing climate, but also a result of historically accumulated interventions which 

has transformed an adaptive ecology based on flood into a rigid and structurally vulnerable one 

something that is crucial for a sustainable governance of the delta in a rapidly changing climate. 

2. THEORETICAL FRAMEWORK 
These three complementary analytical frameworks political ecology, colonial environmental history, 

and hydraulic society theory shed light on the relationship between colonialism, water and ecological 

change. 

Table 1: Theoretical Framework for the Study 

Framework Core premise Key sources 
Application to the Bengal 

Delta 

Political Ecology 

(PE) 

Environmental change is 

shaped by power, access, 

and inequality, not by nature 

alone 

Blaikie & Brookfield 

(1987); Bryant & Bailey 

(1997); Robbins (2004); 

Peet, Robbins, & Watts 

(2011) 

Explains who determined 

colonial hydraulic decisions 

and who bore their ecological 

costs 

Colonial 

Environmental 

History (CEH) 

British colonial expansion 

was an ecological as well as 

an economic and political 

enterprise 

Grove (1995); Gadgil & 

Guha (1992); D’ Souza 

(2006); Iqbal (2010) 

Traces how revenue, 

settlement, and infrastructure 

policy reorganised the delta’s 

landscape and hydrology 

Hydraulic Society 

Theory (HST) 

Water control is inseparable 

from the control of people; 

hydraulic infrastructure is an 

instrument of power 

Wittfogel (1957); 

Worster (1985); 

Mitchell (2002) 

Explains how colonial 

embankment and drainage 

works reconfigured authority 

among peasants, landlords, 

and the colonial state 

Source: Compiled by the Author from the Works Listed in the Table. 

Note: PE = Political Ecology; CEH = Colonial Environmental History; HST = Hydraulic Society Theory 
Political ecology has arisen as a reaction to the notion that the degradation of the environment could 

be explained solely in nature, without being subject to the political and economic frameworks that 

influence the use of people from their environment. The point is that land degradation can never be a 

purely biophysical issue because the decisions which give rise to it are framed in relations of power and 

inequality (Blaikie and Brookfield 1987) or because the ecological costs are borne by the vulnerable 

(Bryant and Bailey 1997). Colonial hydraulic works were thus political and technical in the Bengal 

Delta, impacting, again, the poorest and most vulnerable of the peasants and fishers (Robbins, 2004; 

Peet, Robbins, & Watts, 2011). 

As Grove (1995) demonstrates in the field of colonial environmental history, colonization was not 

just an economic and political, but also an ecological project. Gadgil and Guha (1992) showed how 

colonial resource policies overlaid on the existing ecologies were the extractive systems. D’Souza (2006) 

demonstrates how flood-control plans disrupted the ‘hydrological logic’ of the deltas of eastern India 

and Iqbal (2010) how agrarian and environmental policies worked together to bring about a cumulative 

and largely irreversible change in Bengal. 

Wittfogel’s (1957) much criticized hydraulic society theory, which was a Eurocentric and 

environmentally determinist view of the so called “Asiatic” societies is used here with care as a heuristic 
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on water control and power only. Water control was in Wittfogel’s view always combined with the 

control of people and gave rise to a centralised, authoritarian rule. Its lasting legacy is that hydraulic 

systems work as tools of power rather than simply technical devices (Worster, 1985; Mitchell, 2002). In 

Bengal, it identifies the political nature of colonial embankment projects, that restructured the relations 

between peasantry, landlords and the colonial state; the reliance on it continues despite the shift in the 

context in which it was created. 

No one single framework is adequate as political ecology positions environmental change in 

structures of power; colonial environmental history identifies the mechanisms of imperial ecological rule 

and hydraulic society theory is a relationship between water control, authority and long-term 

vulnerability. The frameworks are utilized in tandem; first, the reconstruction of the three themes in 

Section 4 is based on a colonial environmental history approach, and interpretation of the themes in 

Section 5 is based on political ecology and hydraulic society theory. 

3. RESEARCH METHODOLOGY 
The present work is a qualitative Systemic Literature Review (SLR) to understand the impact of colonial 

interventions on the ecology, flood regime and agrarian life of Bengal Delta. A systematic review was 

preferred over a narrative review as it explicitly and replicable identifies, assesses and synthesizes 

research (Dekkers, Carey, & Langhorne, 2022) helps mitigate confirmation bias, and is useful for quality 

assessment across a multidisciplinary scholarship (Gough, Oliver, & Thomas, 2017). The frameworks 

in section 2 sensitize do not prescribe the analysis, the limits are discussed in section 5.5. 

3.1 Search Strategy 
From January to March 2025, the following string was used on the title, abstract and keywords of the 

three databases: Scopus (interdisciplinary literature), Web of Science (natural-science and hydrological 

literature), and Google Scholar (monographs and edited volumes). 

(“Bengal Delta” OR “Bengal basin” OR “Ganges-Brahmaputra delta” OR “Ganges delta” 

OR “Sundarbans” OR “lower Bengal” OR “eastern Bengal”) AND (“environmental 

history” OR “ecological history” OR “colonial ecology” OR “flood” OR “inundation” 

OR “hydrology” OR “hydraulic” OR “embankment” OR “drainage” OR “colonial” OR 

“British Raj” OR “East India Company” OR “imperial” OR “Permanent Settlement”) 

AND (“agrarian” OR “peasant” OR “fisher” OR “farming” OR “agriculture”) 

In the case of Google Scholar, where the search results are not completely reproducible, the first 50 

pages of relevance ranked results (approx. 500 records) were screened. The search was complemented 

with a citation snowballing (Wohlin, 2014), and manual searching of Modern Asian Studies, Indian 

Economic and Social History Review, Environment and History, and Journal of Historical Geography 

(1990–2025)  

3.2 Inclusion and Exclusion Criteria 
The works included are divided into three a priori defined categories, each of which plays a different 

role: 

• Bengal-Delta empirical studies (n = 15): peer-reviewed archival, ethnographic, or quantitative 

geomorphological studies of environmental, hydrological, or agrarian change in the delta. 

• Comparative and contextual studies (n = 7): studies of neighbouring or analogous hydraulic 

systems (the Orissa delta, the Indus Basin, colonial eastern India, global sediment regimes) and 

India-wide environmental histories, used for comparison only. 
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• Theoretical anchors (n = 5): canonical texts whose conceptual vocabulary is applied directly to 

Bengal Delta material in Sections 4 and 5; procedural methodological references are cited but 

not counted. 

The geographic area of the first category was the Ganges–Brahmaputra–Meghna delta in West Bengal 

and Bangladesh, and broader Bengal studies were only included if they significantly covered the ecology 

of the delta. Only peer-reviewed journal articles, book chapters and monographs were included, 

excluding proceedings, dissertations, grey literature, and policy reports. The time frame of 1990-2025 is 

because this period saw the development of the field of colonial environmental history (Gadgil & Guha, 

1992; Grove, 1995) with three exceptions disclosed in the 27 works Guha (1963), on the legal-

institutional birth of the Permanent Settlement; Coleman (1969), on the pre-disturbance sedimentary 

baseline of the delta; and Blaikie and Brookfield (1987), who provide the political ecology. Additionally, 

present-day studies without historical analysis, colonial forestry or wildlife studies without hydrological 

issues, hydrological modelling without historical or social aspects, and other studies of other areas with 

no comparative value, were excluded. 

3.3 Screening and Selection Process 
The screening process was based on the reporting sequence of PRISMA 2020 (Page et al., 2021) 

identification, screening, eligibility, and inclusion, but without the exhaustive and quantified search for 

a full PRISMA review. As an intra-rater consistency check, the single author reviewed titles and abstracts 

in two separate reviews a number of weeks apart (and resolved inconsistencies upon re-review). A total 

of 27 full texts (15 empirical, 7 comparative and contextual, and 5 theoretical) were considered eligible 

for inclusion in the study from 46 full texts that were checked against Eligibility criteria and Quality 

framework and verified based on the Publisher and DOI records. In addition, 14 other works were cited 

in the review that provided methodological guidance and further theory (e.g., Wittfogel, 1957; Worster, 

1985); these works do not form part of the evidence base. 

Given that there is no single checklist which suits Bengal Delta scholarship, this review has used a 

domain-based approach, adapted from the best-practice in historical research (Howell & Prevenier, 

2001) and the qualitative evidence synthesis (Critical Appraisal Skills Programme, 2018), that include 

the following domains: (i) evidentiary rigour: claims are supported by appropriate primary or secondary 

evidence; (ii) analytical transparency: clarity of interpretive framework and reasoning; (iii) temporal and 

spatial specificity; and (iv) engagement with counter-evidence. Two ratings were conducted several 

weeks apart, and each empirical and comparative work was rated high, medium or low on a proforma 

adapted from the Joanna Briggs Institute (2020) checklist; theoretical anchors were not rated as the 

domains are based on empirical claims. The works with low ratings on three or more domains were 

excluded (Table 2) and mixed ratings were included with restrictions noted. The rigorous nature of the 

framework to consider evidentiary apparatus over interpretation was applied flexibly. 

Each work was recorded on a template which included bibliographic information, category, 

geographical range, time span, theoretical orientation, method, key findings by theme (pre-colonial 

ecology, colonial interventions, ecological consequences, subaltern responses), gaps acknowledged, and 

contribution and quality. The template was tested with a sample of seven works extracted in two runs; 

the remaining 20 works were extracted in a single run, and then spot-checked in the bibliographic fields. 

Coding used NVivo 14. 

Thematic analysis was undertaken using the six-phase approach developed by Braun and Clarke 

(2006) which included familiarization, inductive coding (e.g. ‘embankment failure’, ‘fishery decline’, 

‘salting of land’, ‘indigenous drainage knowledge’, ‘famine vulnerability’), collation of coded extracts 

into candidate themes, review of candidate themes with extracts and full text, definition and naming of 

themes (Section 4), and reporting. The strategy was hybrid; the three themes structure was 
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predetermined, and the three themes content and limits were inductively developed from the data 

(Santana-Cordero & Szabó, 2019). 

 

 

Table 2: Identification, Screening, Eligibility, and Inclusion Flow (informed by PRISMA 2020 reporting logic) 

Stage Records 

Identification 

Records identified through database searching: n = 852 

– Scopus: n = 214 

– Web of Science: n = 138 

– Google Scholar (first 50 pages of relevance-ranked results): n ≈ 500 

Records identified through citation snowballing and manual journal searching: n = 64 

Total records identified: n = 916 

Screening 

Duplicate records removed: n = 231 

Records after duplicates removed (titles and abstracts screened): n = 685 

Records excluded at title/abstract stage: n = 639 

– no substantive ecological or hydrological content: n = 402 

– outside the Bengal Delta and not comparative: n = 147 

– present-day focus with no historical analysis: n = 61 

– non-eligible publication type (theses, proceedings, reports): n = 29 

Eligibility 

Full-text works assessed for eligibility: n = 46 

Full-text works excluded, with reasons: n = 19 

– inadequate discussion of colonial-era ecological change: n = 8 

– limited relevance to deltaic hydrology or land–water governance: n = 6 

– low-quality rating (three or more domains rated low): n = 2 

– substantial overlap with an included work by the same author: n = 3 

Included 

Works included in the synthesis: n = 27 

– Bengal-Delta empirical studies: n = 15 

– comparative and contextual studies: n = 7 

– theoretical anchors: n = 5 

Source: Compiled by the author from the review’s search and screening records. 

Note: Adapted from PRISMA 2020 (Page et al., 2021). Identification and title/abstract counts are approximate 

reconstructions from the author’s search records, as Google Scholar searches cannot be exactly replicated and 

cross-database de-duplication was manual; the full-text (n = 46), exclusion (n = 19), and inclusion (n = 27) 

counts are exact. 

There were no human subjects involved and no archival access which required ethical approval. The 

author is able to provide extraction templates, appraisal ratings and coding frameworks upon request. 

The review highlights voices of the subaltern, without a colonial frame (Decker, Nix, & Shen, 2025). 

4. ANALYSIS AND FINDINGS  
This section is a synthesis of the 27 works included to explain the changes of the Bengal Delta’s 

ecological system during the colonial period and focuses upon three themes: the pre-colonial ecological 

order, the colonial hydraulic restructuring and the long-term ecological consequences. For each theme 

evidence is provided below, followed by analysis. 

4.1 Overview of the Evidence Base 
The works included cover the fields of environmental history, political ecology, hydrology and 

geomorphology, and ethnography, with a particular focus on the changes brought about by the colonial 
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period, and a rather limited focus on the ecology of pre-colonial times. Based on the type of work, 15 

(56%) are Bengal-Delta empirical study, 7 (26%) are comparative and contextual study and 5 (19%) are 

theoretical anchors. In terms of method, there are 13 (48%) archival historical, 8 (30%) secondary 

synthesis and conceptual, 3 (11%) ethnographic/field based and 3 (11%) quantitative geomorphological. 

Geographically, 6 (22%) have an eastern Bengal (Bangladesh) focus, 5 (19%) a focus on West Bengal 

(India), 2 (7%) a transboundary focus on the Sundarbans and 2 (7%) a Bengal-wide focus and 5 (19%) 

have no geographic focus (theoretical). Only 4 (15%) focus on the pre-colonial/post-colonial baseline 

period, 12 (44%) focus on the colonial period, 8 (30%) focus on both colonial and post-colonial periods, 

and 3 (11%) focus on none of the periods (theoretical). Each work is counted once for each block and 

the sub-categories in each block are mutually exclusive; percentages rounded to the nearest whole 

number do not add to 100. In Table 3 (compiled by the author from the 27 works included) the 

classification of each work is given. 

The literature is thus clearly biased towards chronological aspects: only four works focus on pre-

colonial or baseline conditions, and in two of them, one is geomorphological in nature (Coleman, 1969; 

Allison et al., 2003) while the other is limited to a single locality or frontier processes (Eaton, 1993; 

Bhattacharya, 2022), thereby limiting understanding of long-term ecological baseline conditions before 

colonial intervention. Nearly half use colonial archives, and therefore the colonial state’s perspective of 

the landscape, and ethnographic and quantitative methods are underdeveloped. The delta specific studies 

cover the areas of Bangladesh and West Bengal. Two of the most detailed hydrological histories however 

are located on the edges of the delta: by D’Souza (2006) on the Orissa delta and Bhattacharyya (2018) 

on Calcutta, and these are used in comparative or urban contexts, and not directly for rural deltaic Bengal. 

Table 3 summarizes each work included and their role in the synthesis. A total of 27 are counted as 

the five theoretical anchors (Arnold, 1996; Blaikie & Brookfield, 1987; Bryant & Bailey, 1997; Grove, 

1995 and Robbins, 2004) use words that are directly related to the material of Bengal Delta. 

Table 3: Summary of the Included Works 

Author (year) Category Study Focus and Key Finding Relation to this Review 

Allison et al. 

(2003) 

Delta 

empirical 

Lower-delta stratigraphy: natural 

sediment deposition historically 

sustained delta growth 

Pre-colonial sediment 

baseline (Section 4.2) 

Arnold (1996) Theoretical 
Colonial views of nature framed 

floodwater as a hazard 

“Flood as hazard” 

epistemology (Sections 

4.2, 5.3) 

Bhattacharya 

(2020) 

Delta 

empirical 

Early colonial Bengal: embankment-

building began altering flood 

patterns 

Onset of flood-exclusion 

infrastructure (Tables 5–6) 

Bhattacharya 

(2022) 

Delta 

empirical 

18th-century pargana: river and 

flood dynamics shaped settlement 

before colonial rule 

Pre-colonial river–

settlement dynamics 

(Table 4) 

Bhattacharyya 

(2018) 

Delta 

empirical 

Colonial urbanisation reshaped 

Calcutta’s deltaic ecology 

Ecological reordering, 

urban case (Section 5.2.2) 

Blaikie & 

Brookfield (1987) 
Theoretical 

Land degradation reflects power and 

access relations, not nature alone 

Political ecology 

framework (Section 2.1) 

Bose (1993) 
Delta 

empirical 

The Permanent Settlement 

reorganised peasant labour and land-

revenue ties 

Land–water separation 

(Table 5) 

https://doi.org/10.65826/JSAI.1.3.2026.135


doi.org/10.65826/JSAI.1.3.2026.135 
Vol. 01, Issue 03, pp. 399-416, 2026                              Journal of South Asian Issues (JSAI) 
  

406 

 

Author (year) Category Study Focus and Key Finding Relation to this Review 

Bryant & Bailey 

(1997) 
Theoretical 

Imperial economies concentrate 

ecological costs on the vulnerable 

Unequal colonial 

ecological costs (Section 

5.2.1) 

Chakrabarti (2009) 
Delta 

empirical 

Sundarbans: colonial reclamation 

and conservation reshaped 

communities and ecology 

Sundarbans embankment 

and land-use change 

(Table 6) 

Coleman (1969) 
Delta 

empirical 

Brahmaputra channel migration and 

sediment behaviour 

Hydrological baseline 

disrupted by infrastructure 

(Section 4.2) 

Dewan (2021) 
Delta 

empirical 

Coastal Bangladesh: technocratic 

flood-control framings misread 

deltaic socio-ecology 

Post-colonial continuity of 

exclusion logic (Tables 5–

6; Section 5.1) 

D’Souza (2006) Comparative 
Orissa delta: British flood control 

followed revenue logic, not ecology 

Comparative evidence of 

colonial flood exclusion 

(Tables 4–5) 

Eaton (1993) 
Delta 

empirical 

Bengal frontier: agrarian expansion 

followed shifting river and sediment 

patterns 

Pre-colonial adaptive water 

management (Table 4) 

Gadgil & Guha 

(1992) 
Comparative 

Colonial policy displaced 

indigenous ecological relationships 

across India 

India-wide context (Table 

4; Section 2.2) 

Ghosh (2018) 
Delta 

empirical 

Colonial north Bengal: flood control 

had uneven, often harmful local 

effects 

Long-term consequences 

(Table 6; Section 5.2.3) 

Ghosh (2021) 
Delta 

empirical 

Colonial north Bengal: drainage 

legislation was inconsistent and 

often ineffective 

Drainage-legislation gaps 

(Table 5) 

Gilmartin (1994) Comparative 

Indus Basin: irrigation science 

served administrative control as 

much as farming 

Hydraulic infrastructure as 

power (Sections 5.2.3, 5.3) 

Grove (1995) Theoretical 
British expansion was an ecological 

as well as an economic project 

Colonial environmental 

history framework 

(Section 2.2) 

Guha (1963) 
Delta 

empirical 

The 1793 Permanent Settlement 

fixed land as a revenue unit 

Origin and logic of the 

Permanent Settlement 

(Table 5) 

Iqbal (2010) 
Delta 

empirical 

Bengal Delta, 1840–1943: colonial 

policy produced cumulative, largely 

irreversible ecological change 

Central evidence (Tables 

4–6; Section 2.2) 

Molle, Mollinga, & 

Wester (2009) 
Comparative 

Hydraulic bureaucracies pursue 

infrastructure as an institutional 

mission 

Hydraulic-governance 

logic (Section 5.3) 

Pomeranz (2000) Comparative 
Resource constraints shaped 

divergent colonial-era economies 

Economic-historical 

context (Section 5.3) 
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Author (year) Category Study Focus and Key Finding Relation to this Review 

Rahman et al. 

(2022) 

Delta 

empirical 

South-west Bangladesh: polder 

construction transformed coastal 

systems, often adversely 

Post-independence polder 

impacts (Tables 5–6) 

Robbins (2004) Theoretical 
Environmental problems are best 

explained through power and access 

Political ecology 

vocabulary (Section 5.2.1) 

Sen (2023) 
Delta 

empirical 

Sundarbans: embodied, everyday 

adaptation to rising salinity 

Salinity intrusion and 

adaptation (Table 6) 

Sivaramakrishnan 

(1999) 
Comparative 

Colonial eastern India: 

environmental administration was a 

contested, evolving process 

Contested governance 

(Section 5.2.2) 

Syvitski & Kettner 

(2011) 
Comparative 

Human infrastructure now 

dominates global sediment flux 

Sediment-flow disruption 

(Sections 5.3–5.4) 

Source: Compiled by the author from the 27 included works. 
Note: Study focus and key finding are the author’s brief characterizations; full citations are given in the 

References. “Delta empirical” = Bengal-Delta empirical study; “Comparative” = comparative and contextual 

study; “Theoretical” = theoretical anchor. 

4.2 Theme 1: Pre-Colonial Ecological Order 
Water was a vital component of floodplain agriculture and social relations in the pre-colonial delta, and 

its management was flexible, permeable and adaptable to seasonal conditions (Table 4). 

Table 4: Pre-Colonial Water Management Practices 

Practice Function Ecological Outcome Evidence Base 

Controlled 

overflow farming 

Used monsoon 

floodwater for 

irrigation 

Sustained soil fertility 

through sediment 

renewal 

Eaton (1993); Iqbal (2010); Gadgil 

& Guha (1992, India-wide context) 

Permeable 

embankments 

Partial, seasonal water 

regulation 

Maintained natural 

flood–silt cycles 

Bhattacharya (2020); Iqbal (2010); 

D’Souza (2006, Orissa delta 

comparison) 

Canal networks 

(khals) 
Water redistribution 

Balanced drainage and 

irrigation 
Iqbal (2010) 

Raised homesteads 

(bhita) 
Flood protection 

Reduced settlement 

vulnerability 
Bhattacharya (2022); Eaton (1993) 

Seasonal 

knowledge 

systems 

Agricultural timing 
Stabilised cropping 

cycles 
Iqbal (2010); Bhattacharya (2022) 

Source: Compiled by the author from Eaton (1993), Gadgil and Guha (1992), Bhattacharya (2020, 2022), Iqbal 

(2010), and D’Souza (2006). 

Thus, water management was ecologically adaptive in pre-colonial times, through controlled 

permeability and not exclusion. Flooding was seen as an ecological event and a good thing as it inundated 

the land, provided soil nutrients and food for the fisheries. Because the embankments were not permanent 

and they were permeable, there was no barrier to sediment exchange between the rivers and floodplains 

that is necessary to sustain the delta. This system is described elsewhere as managed adaptability does 

not lack of technology. 
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There are two aspects of this order which should be stressed. First, it was mobile: Eaton (1993) 

demonstrates that the agrarian frontier of the east delta was in the direction of the eastward migration of 

the primary discharge of the Ganges and that fresh sediments deposited by the Ganges were what the 

frontier moved with, not what was intended to be held back. Second, it was locally differentiated: 

Bhattacharya’s (2022) reconstruction of an eighteenth-century pargana reveals cultivators distinguishing 

between beneficial inundation, bringing in silt-bearing water and stagnant water, which is damaging, 

and periods of aridity, and adapting their settlement and cropping to each distinctions that were later 

blurred by a colonial framing of all floodwaters as a hazard (Arnold, 1996). This is corroborated by the 

geomorphological baseline: The lower delta plain was created by exactly this distribution of deposition 

that the pre-colonial system could cope with (Coleman, 1969; Allison et al., 2003). 

4.3 Theme 2: Colonial Hydrological Transformation 
Colonial rule brought about a new hydrological logic, one of control, taxation and infrastructural 

permanency. This resulted in a reorganization of water, both in terms of its physical form and the 

institutional management of water (Table 5). 

Table 5. Colonial and post-colonial hydraulic interventions and their hydrological impacts 

Intervention Period Mechanism Ecological effect Key studies 

Permanent 

Settlement 

1793 

onward 

Fixed land-revenue 

system 

Separation of land and 

water governance 
Guha (1963); Bose (1993) 

Watertight 

embankments 

19th 

century 

Flood-exclusion 

infrastructure 

Waterlogging, siltation, 

embankment failure 

Bhattacharya (2020); 

Ghosh (2021); D’Souza 

(2006, Orissa delta) 

Canal systems 
1850–

1880 

Navigation and 

drainage 

restructuring 

Altered hydrological 

connectivity 
Iqbal (2010) 

Railway 

embankments 

1860–

1900 

Transport corridors 

across floodplains 

Blocked natural drainage 

flows 
Iqbal (2010) 

Drainage 

legislation 

Late 19th 

century 

Partial regulatory 

reform 

Ineffective systemic 

drainage control 
Ghosh (2021) 

Post-

independence 

empoldering 

1960s–

1970s 

Large-scale coastal 

polder construction 

Reduced tidal flushing, 

drainage congestion, 

salinity build-up 

Rahman et al. (2022); 

Dewan (2021) 

Source: Compiled by the author from Guha (1963), Bose (1993), Bhattacharya (2020), Ghosh (2021), D’Souza 

(2006), Iqbal (2010), Rahman et al. (2022), and Dewan (2021). 
Note: The final row traces the continuity of the colonial hydraulic-exclusion logic into post-independence 

infrastructure, consistent with the path-dependency argument developed in Section 5. 

Colonial interventions were not stand-alone engineering projects, as Table 5 suggests, but part of a 

whole political-economic structure. The Permanent Settlement was essentially a restructuring of the 

land–water relationship and was the process of rendering the flexible ecological space into revenue fixed 

units (Guha, 1963; Bose, 1993). The embankments, railways and canals interrupted the sediment flow 

which is the main process responsible for the stability of the delta and, instead of reducing flood event 

did not reduce the flood risk, but redistributed flood risk over space and time, resulting in chronic 

waterlogging in some areas and greater flood severity in others (Iqbal, 2010; Ghosh, 2018). The literature 

gives a strong argument to support the idea that colonial hydrology was more oriented towards revenue 

than ecological sustainability. 
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The change was a gradual one and resisted. As zamindari embankments were inherited early colonial 

state began to consolidate them and make them more impenetrable with the growing need to secure 

revenue from cultivating land, as Bhattacharya (2020) demonstrates. At the end of the nineteenth 

century, north Bengal faced drainage problems due to the activities of the government and landlords, but 

there was no comprehensive legislation, and the management was fragmented, with landlords, district 

officers and engineers all having their roles (Ghosh, 2021). Iqbal (2010) considers railway embankments 

as pivotal in the eastern delta: they were built across the floodplain with inadequate culverts, they 

impeded lateral flow of flood water, clogged up canals that were designed to drain flood water and 

created stagnant water, water hyacinth and malaria; something registered as such by the colonial 

authorities but given a low priority in relation to transport and revenue. The adjacent Orissa delta was 

brought about by embankments built to protect land producing revenues, which have caused the 

riverbeds to be lifted and caused floods to hit unprotected tracts, thus resulting in some people being 

protected and others being exposed (D’ Souza 2006). 

4.4 Theme 3: Long-Term Ecological Consequences 
All colonial interventions had a cumulative effect, creating a less resilient delta with an ecological 

degradation and a raised flood risk. 

Table 6: Long-term Environmental Change (Qualitative Synthesis) 

Indicator Pre-colonial 
Colonial / post-

colonial 

Direction of 

change 
Sources 

Flooding 

regime 

Extensive, distributed 

seasonal inundation 

Reduced routine 

flooding; increased 

catastrophic breach 

flooding 

Shift from 

distributed to 

concentrated risk 

Bhattacharya 

(2020); Ghosh 

(2018) 

Fish 

productivity 

Open floodplain fisheries 

sustained by connectivity 

Documented decline 

in embanked and 

polderised areas 

Decline 
Iqbal (2010); 

Dewan (2021) 

Salinity 

Freshwater-dominated 

regime in the delta 

interior; tidal salinity 

confined to the coastal 

fringe 

Salinity intrusion and 

drainage congestion 

in embanked coastal 

zones 

Increase in 

affected zones 

Sen (2023); 

Rahman et al. 

(2022); Chakrabarti 

(2009) 

Indigenous 

ecological 

knowledge 

Widespread use in 

cropping and settlement 

decisions 

Reported erosion of 

use in practice 
Erosion 

Iqbal (2010); 

Dewan (2021); Sen 

(2023) 

Source: Compiled by the author from Bhattacharya (2020), Ghosh (2018), Iqbal (2010), Dewan (2021), Sen 

(2023), Rahman et al. (2022), and Chakrabarti (2009). 
Note: Entries are qualitative syntheses of reported trends, not measured values; no quantitative indicator could 

be harmonized across sources. Sen (2023) and Rahman et al. (2022) provide contemporary evidence of the 

embankment salinity mechanism, used to trace continuity rather than to quantify colonial change. 

The main change is the systemic instability: the seasons flood was replaced by unpredictable extreme 

flood events. Increasing salinity indicates a disturbance in the freshwater–saline balance, while a loss in 

fish productivity and connection to floodplains, and the loss of indigenous knowledge (a socio-ecological 

disintegration), all occur when seasonal cycles on which they have been tuned become unreliable. 

Such effects survived the colonial rule. The polders in the coastal areas of the 1960s and 1970s 

replicated the exclusion logic, but at a bigger scale, resulting in the congestion of the drainage, the 

subsidence of the land compared to the riverbed, and an increase in the salinity of the land (Rahman et 
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al., 2022). This is now done under a climate change discourse that shifts the problem of failures of the 

embankments from being caused by the embankments to being caused by the climate, and that the 

salinity caused by the failure of embankments is managed by the bodies of Sundarbans households and 

their livelihoods in what are, in the main, tacit adaptive responses that are not visible to formal planning 

(Dewan, 2021; Sen, 2023). The premise of each generation of infrastructure has been hackyfied in the 

subsequent generation. 

4.5 System-Level Transformation 
The three themes are summarized in a synthesis; where the changes in the structure of the delta system 

are represented and the changes in the underlying conception of water, in the last column. 

Table 7: Synthesis of the System Level Transformation in the Delta System Under Colonial Rule 

Dimension 
Pre-colonial 

system 
Colonial system Outcome 

Underlying conception of 

water 

Water 

governance 

Seasonal 

accommodation 

Structural 

exclusion 

Hydrological 

rigidity 

Coexistence with flood cycles 

→ exclusion of floodwater 

Land regime 
Flexible flood-

based use 

Fixed revenue 

land 

Reduced 

adaptability 

Land as flood-dependent → 

land as a fixed revenue unit 

Infrastructure 

Temporary, 

permeable 

structures 

Permanent 

embankments 
System rigidity 

Structures adjusted to water 

→ water made to conform to 

structures 

Sediment cycle Active deposition 
Blocked sediment 

flow 
Soil degradation 

Silt as renewal → silt as 

obstruction 

Fisheries 
Open floodplain 

system 

Enclosed water 

bodies 
Productivity loss 

Water as common productive 

space → water as an enclosed 

resource 

Risk pattern 
Distributed 

seasonal risk 

Concentrated 

catastrophic risk 

Increased 

vulnerability 

Flood as an expected event → 

flood as a failure of control 

Source: Compiled by the author from the reviewed literature (Tables 4–6). 
Note: This table synthesises the shifts documented in Tables 4–6; the final column restates each shift in terms of 

the conception of water discussed in Section 5.3. 

Table 7 is a systematic change not a change in the environment. The delta’s ecological system shifted 

from a flexible, adaptively self-regulating flood regime to a hydraulic managed but unstable system as 

described in the literature included. This does not suggest that there was a pre-colonial balance but is 

based on four works that focus on pre-colonial period. The most significant modification is the 

disconnection of sediment-water coupling, the basic process of delta formation and renewal; this 

disconnection caused by embankments and canalisation, led to a structural ecological degradation. 

Three conclusions emerge: (i) the Bengal Delta was historically a system of adaptive flood integration 

rather than exclusion; (ii) colonial interventions replaced it with inflexible hydraulic works oriented 

towards revenue security; and (iii) this long-term structural change, rather than climate alone, underlies 

contemporary ecological vulnerability. 

5. DISCUSSION 
The results are analysed based on the three guiding frameworks and placed in the context of the debates 

in delta studies, environmental history and climate adaptation, including the main findings, theories, 

comparisons, policy recommendations and limitations. 
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5.1 Interpretation of Core Findings 
The ecological shifts in the Bengal Delta were a historical reconfiguration of hydrological governance, 

relations with land and ecological processes, rather than a linear degradation. It was a productive ecology 

(flood regime) and not a threat before the coming of the colonists. The pre-colonial flood regime was a 

fertile ecology; soil fertility through seasonal inundation, fisheries through connectivity of the 

floodplains and flexibility in the agriculture calendar (Eaton, 1993; Iqbal, 2010; Bhattacharya, 2022). It 

was not a system fixed, but rather this flexibility was the result of permeability. Colonial invasion 

brought in a whole new rationality of water. With the Permanent Settlement (1793) land became a block 

of rent, thereby, ecology became divorced from administration (Guha, 1963; Bose, 1993). Subsequently, 

the flood-exclusion model (Bhattacharya, 2020; Iqbal, 2010; D’ Souza, 2006) was created due to 

embankments, canals and the railway system. This shift may be boiled down to one of a flood-integrated 

ecology to a flood-exclusion infrastructure. 

The impacts were compounding interruption of sediment inputs, drainage, and compartmentalization 

of hydrology resulted in chronic waterlogging in some places and greater inundations elsewhere (Iqbal, 

2010; Ghosh, 2018, 2021) and these outcomes were not accidental, but rather intrinsic to the colonial 

system. Despite the concept of climate adaptation (Dewan, 2021; Rahman et al., 2022), delta 

management is highly path-dependent, with an assumption that no floodwater should be allowed to enter 

the protected area by means of embankments. 

5.2 Theoretical Contributions 
The findings support the main tenet of political ecology which is that environmental change is 

inseparable from power relations (Blaikie & Brookfield, 1987; Robbins, 2004). The costs of 

waterlogging, of dwindling fish stock, of land degradation were borne by the peasant cultivators and the 

fishing communities whilst the revenue authorities and landed elites were the beneficiaries in the form 

of regular tax collection and protected cultivation in Bryant and Bailey’s (1997) sense of both ecological 

and political change. 

The analysis also extends political ecology, pointing towards the material co-production of 

transformation in the hydrological processes, with social mediation, and the ecological systems 

countering the colonial management through breached embankments, accumulations of sediment and 

failure of drainage systems (D’ Soulza 2006; Ghosh 2021). This implies a more-than-human aspect of 

the phenomena where relations between hydrology and infrastructure failure impact on results an 

extension of interpretation rather than a conclusion that the methods used in the review, which included 

no such aspect a priori, were meant to test. 

These findings support the idea put forward by Grove (1995) and Gadgil and Guha (1992) that 

colonialism was a political and economic, as well as an ecological, enterprise. The Permanent 

Settlement, embankments and canal system were all part of the reordering of the environment that was 

evident at the urban level in Calcutta (Bhattacharyya, 2018) and in the rural delta (Iqbal, 2010). However, 

the Bengal case complicates this argument by demonstrating the incoherence and a lack of internal 

consistency in colonial environmental governance. Ghosh (2021), Bhattacharya (2020) and D’ Souza 

(2006) record similar opposition within the administration of India’s drainage works, while 

Sivaramakrishnan (1999) uncovers the same conflicts in the forestry administration of eastern India. The 

governance process was never an integrated technocratic system of colonial governance but rather a 

contested and evolving process; after independence, the changes to governance did not reverse, but 

created infrastructural and institutional lock-in which continues to influence hydrological governance 

(Dewan, 2021; Rahman et al., 2022). 

The evidence is used in a somewhat limited manner to support Wittfogel’s (1957) hydraulic society 

thesis. Water infrastructure was centralized in the hands of the colonial rulers and used as a tool to 
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administer political control (Gilmartin, 1994; Iqbal, 2010). However, such embankment failure, 

uncontrollable flood as well as community level adaptation were already known in the colonial north 

Bengal (Ghosh, 2018) and the eastern delta (Iqbal, 2010) and hence challenged the determinism of 

hydraulic control and totalized state power. Hydraulic works were not countervailing forces in the 

absolute sense, but rather the fragile forces of authority, always under threat from the very processes it 

was designed to control; the ecology of the delta. 

5.3 Comparative and Conceptual Insights 
The Bengal Delta is a case study of an out-of-sync engineered control and changing hydrology in the 

delta and is not unique in this respect. Colonial irrigation science in the Indus Basin was as much an 

administrative device to enhance legibility as it was to boost agricultural production (Gilmartin, 1994); 

twentieth century hydraulic bureaucracies value projects of large infrastructure as institutional projects 

that outlasted their rationale (Molle, Mollinga, & Wester, 2009); and today, sediment fluxes in deltas 

across the world are increasingly dominated by human-built infrastructure, with the Ganges-

Brahmaputra system being among the most impacted (Syvitski & Kettner, 2011). Such patterns are part 

of a larger colonial era resource constraints, as Pomeranz (2000) argues. In this way, Bengal is a regional 

example of a global phenomenon, the most outstanding features of which are its rivers with the very 

high sediment load and the early implementation of the Permanent Settlement. 

Table 7 indicates that the change was not just an infrastructural one; the last column implies that the 

epistemological change is also true: water became a threat that needed to be excluded, as stated by 

Arnold (1996) about the attitude of colonizers to tropical nature. This is partly the reason why the delta 

became unstable due to engineering, because it was supposed to be stable, but in fact it needed to be 

moving. 

5.4 Policy and Governance Implications 
The findings are relevant to current and future delta management and adaptation options. Rigid 

embankments that were adopted from the colonial flood-exclusion paradigm are still in use, and evidence 

suggests their increasing failure in a changing climate because of sediment starvation of embankments, 

and their own vulnerability (Rahman et al., 2022; Syvitski & Kettner, 2011). Secondly, adaptation must 

change from being a control-based to a process-based governance, restore segments of the floodplain to 

flooding and restore the flow of sediment if feasible (Dewan, 2021; Rahman et al., 2022). Third, 

indigenous knowledge is more in tune with the dynamic nature of the delta, the use of seasonality in the 

rotation of crops, the strategic placement of settlements, and the sensitivity of the crops to floods; 

however, this knowledge has not been utilized to the fullest extent (Iqbal, 2010; Sen, 2023). Fourth, the 

institutional setup of transboundary management between India and Bangladesh is still not well 

connected. In the context of the interconnectedness of the Ganges–Brahmaputra–Meghna delta 

hydrological system, sediment and flood management are very much interlinked and coordinated 

management for long-term resilience is necessary. 

5.5 Limitations 
Since there was only one rater who conducted screening, appraisal, extraction and coding, the double 

screening approach, as recommended by PRISMA 2020, was not done, but rather intra-rater consistency 

was completed. Secondly the English language limitation has under-represented Bengali language 

scholarship. Thirdly, dissertations and government and NGO reports are not accepted as part of the peer-

review criterion. Fourth, the framing of quality is based on priorities of EBM which may devalue 

interpretive scholarship. In fifth place, the works of D’ Souza (2006) and Bhattacharyya (2018) are about 

the Orissa delta and Calcutta, respectively, and are analogously applied to rural deltaic Bengal. The sixth, 

that is, secondary, the review contains what the historians have found, and not the original facts. Lastly, 

the author is not from the delta; partnership with local people will be even more important in the future. 
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6. CONCLUSION AND RECOMMENDATIONS 
In this review, 27 works are included, which are engaging in the history of the environment in the Bengal 

Delta. Pre-colonial Bengal was a strong socio-hydrological system that relied on the seasonal floods for 

soil fertility, fisheries and agricultural productivity. The logic of the British rule was territorial control, 

extraction of the revenues and exclusion of floods – the Permanent Settlement had taken the governance 

of land away from the governance of water, subsequent embankment, canalization and drainage works 

had broken the flow of sediment and the connection between the floodplain and water, hence the 

resulting waterlogging, salinity intrusion and fall in productivity of both soil and fisheries, which persist 

today. 

The core argument of the review is that ecological vulnerabilities in the present are not just a result 

of climate, but also of the historically layered colonial hydraulic governance. It draws on an 

environmental history and political ecology perspective in a longue durée approach to rethink 

technocratic forms of flood-management which are insensitive to these historical origins. 

Directions following are evidence-informed not prescriptive, and the literature included was not 

evaluated for the potential trade-offs, safety, and/or feasibility of specific interventions. Policy and 

governance: gradually move from flood exclusion towards flood accommodation; restore floodplain 

connectivity and rehabilitate closed canals, waterlogged or saline; include colonial hydraulic 

intervention history in flood-management and climate-adaptation planning. Community and knowledge 

systems: incorporate indigenous ecological knowledge (flood calendar, raised homestead, adaptive 

cropping etc.) into disaster risk reduction and agricultural extension systems. Research: key value will 

be given to subaltern environmental histories, which will be conducted using oral and participatory 

approaches, and to the combination of hydrological modelling, GIS and environmental studies with 

environmental history. Sustainable delta management needs more than just a technical approach; it also 

calls for adaptive, historically informed, ecologically oriented governance approaches. 
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