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Indus Delta Mangroves - Pressure at the Fringe

/\ MANGROVES

INCREASING PRESSURE
AT THE FRINGE



Death of the Indus delta Why Sindh'’s farmers are up in arms Ignored by Pakistan, the Indus delta is being

It was from th t t f thi jon that Arab dhows lad ith lost to the sea
WasHomI e oL iownS ok IS Ingron idr o WS aden Wi i i authorities do not act fast, the Indus delta will cease to exist, spurring mass migration
merchandise set sail for distant towns in the days of yore. Today, these over the ChOIIStan Canal projeCt ol e b o [@saini]

and huge ecological consequences
towns lie deserted -- an eloquent comment on the ecological devastation

that has visited the Indus delta. What went wmng? "On the one hand, fertile farmland is being swallowed up by luxury housing schemes. On the
other, farmers are being driven further from their livelihoods. How can we justify this?"

Arif Hasan questions WWF-P's Hammad Naqi Khan.

Published on: 05 Jan 2012, 1:45 pm

STARVED of fresh water and no longer able to withstand the encroaching Arabian
Sea, the Indus is dying a slow death. The channels of this mighty and historic river

Indus river delta dving a slow death

Construction of dams for irrigation and power has choked off much of its fresh water supply

WebDesk  July 09, 2015

A nearly dead delta

One of predominant sources of this degradation is severely curtailed water discharge

Sorrow Of The Indus Delta And Its Displaced People  downstream of Kotri Barrage

By Masood Lohar April 18, 2025

Zuhaib Ahmed Pirzada Climate Crisis, Pakistan Floods Update, October 7,2022
SPOTLIGHT, Features, Environment,
Main Slider

PHOTO COURTESY: WWF

The over 3,000-km-long Indus river is a lifeline for several farming and fishing
in b in the Himal and flowing down to the Arabian
Sea, where it forms a 600,000 hectare delta.

A VIEW of the Indus river delta from space.—Nasa/File
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Pressures on the Indus Delta

Freshwater Scarcity and Sediment Disruption

Sea Level Rise and Salinisation

Urban Densification



Pressures on the Indus Delta

Freshwater Scarcity and Sediment Disruption



1. Freshwater Scarcity and Sediment Disruption
Hydropolitics
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1. Freshwater Scarcity and Sediment Disruption
Flood Risk

Built-up (high density)

Built-up (low Density)
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Pressures on the Indus Delta

Sea Level Rise and Salinisation



2. Sea Level Rise and Salinisation
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Pressures on the Indus Delta

Urban Densification



3. Urban Densification
Rural to Urban Migration
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3. Urban Densification
Karachi’s Expansion

[ District Boundary

B Karachi Urban Area 2020
[[J Karachi Urban Area 2000
— River Network
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Impact on Mangrove Ecosystems

Timber , Fuel and Fodder for locals
<

Carbon
Sequestration

—,\/\\‘\/

s~ .7 = Mangrove mud
i U N U SR N WP
o ~ 7 N~ N~ -

Wiater filtration through roots

Habitat for birds

" Inter-tidal sandflat -

<

Breeding and Nursery ground for a variety of fish/ shrimp

\

Prevent soil erosion

| 20



Impact on Mangrove Ecosystems

Older mangroves deforested, newer less water filtration through absence of :
. . : greater frequency of cyclones/ unprotected shoreline
mangrove plantations too small to sustain the interconnected mangrove roots
same functions A A
Reduced Loss of habitat for birds
Carbon
Sequestration

= R

-
/ > _Mangrove mud ~ ~
~ yerue

A z

. Inter-tidal sandflat

Saltwater
Intrusion "

A\

Loss of habitat for fish/ shrimp | 21






What is ‘Care’?
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Conceptual Framework
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Research Aim

Sustainable
Regeneration of
Mangrove Forests

Revival of the

Indus Delta




Research Aim

Sustainable
Regeneration of
Mangrove Forests

Adaptive Natural
Systems and Coastal
Communities

Regeneration of Local
Economies

Revival of the

Indus Delta







Analysis Framework

External Forces

1. Freshwater Scarcity and Sediment WASTE
Disruption

2. Sea Level Rise and Salinisation WATER

3. Urban Densification SOIL
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Analysis Framework

Impact Impact

External Forces
on Mangrove Ecosystems on Human Settlements

1. Freshwater Scarcity and Sediment WASTE —
Disruption
2. Sea Level Rise and Salinisation WATER — Mutual

Benefit?

= T Care for
N

B Urban Densification SOIL
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Approach
Research By Design

Toolkit Combinations

Scenarios as Networks of Care Toolkit Extraction Proposed Vision

Evaluation
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Delta - Freshwater Flow
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Delta - Land-Use

District Boundary
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Care for
— Mutual
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More-than-Human/ More-than-Urban
Ecology

14 species of
snakes are found here

Migratory birds such as
the Greater Flamingoes
visit in winter

ﬂ
Avicennia Marina @

excretes salt from
leaves

Salt absorption through
roots in both Avicennia
Marina and Rhizophora
species

Camels swim to
mangrove islands to
graze on their leaves

Avicennia n, “Mni !Andnl,a Rhizophora
Marina PN (R aﬂ" . Mucronata
Mangrove NI | 4Aq Ln A'(‘q" i Mangrove
gl
: ' ‘T"n “"M“An‘i 044 aq 1 00 b Wave attenuation
Sediment YN/ Al ¥ AAA AN Ly 4 through complex
* Accumulation I bigee 4 b S8 B

| ) gy byi s l“ mangrove roots
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{
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CO2 sequestered
in branches, roots
and soil

-4

Seawater and Freshwater
Filtration

Milk fish is
Sole fish and very common
Red snapper ¢

are commonly

found here

Mangrove waters are
nursing ground for crabs,
fish and shrimp
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Human/ More-Than-Urban
Society

Rehri Goth

Keti Bandar

Khuddi Creek

Dense Urban Village

<

Small cluster of homes

Keti Bandar

Khuddi Creek

...........................................................................

HYDERABAD

IBRAHIM
HYDERI

ARABIAN SEA
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Human/ More-Than-Urban
Society - Remote Fishing Settlements
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Human/ Urban
Economy

B Water Networks

== Ship Route from Port
== Road Network

W Mangrove Forests

Fishing Villages by density (high - low):
Ibrahim Hyderi

. Rehri Goth

@ Keti Bandar

@ Khuddi Creek

B Reclaimed Land through Mangrove
Deforestation
—> Wastewater flow from Karachi

ARABIAN
SEA




Mangroves as Core of the Delta

\‘fz“%P
W
S S
,\\e\h FISHERFOLK KILL SNAKES IF POLLUTION DUE TO EXPANDING
& THEY COME ACROSS THEM PORT AND INDUSTRIAL
“\O ACTIVITIES THREATENS THE
Y‘V\\ LACK OF AWARENESS AMONG o
\)\‘\ THAN URBAN LOCAL FISHERMEN OF
% l ORE MANGROVE RELATED SPECIES
\(\\)N\ 14 SPECIES OF SNAKES ARE
Y\P‘$ FOUND IN MANGROVE
<& FORESTS WHICH ARE
OQs ESSENTIAL FOR PEST
o CONTROL MANGROVE TREE FOLIAGE
GIVES SHELTERTO BIRDS
MIGRATORY BIRDS SUCH AS
‘GREATER FLAMINGOES AND
PELICANS VISIT INWINTER CAMELS ARE SOLD FOREID
MEAT CONSUMPTION
s
MAHGHOVE LEAVES & =% MICROCLIMATE REGULATION
ACCUMULATE AND EXCRETE §5v THROUGH DENSE FOREST
-
LAND RECLAMATION FOR PORTS COVER CAMELS ARE MADETO SWIM
AND INDUSTRIAL AREAS LEADS
TO MANGROVE DEFORESTATION ‘IO GRAZE ON MANGROVE
ISLANDS SOTHEY GROW BIG
ENOUGHTO BE SOLD CAMELRIDING IS A COMMON
SALT ABSORPTION THROUGH ACTIVITY FOR LOCALS/
WANGROVE ROOTS TOURISTS ALONG KARACHI
CAMELS CANTENDTO Cotn
'OVERGRAZE,
SHOTHERS MANGROVE E WA HOLLOWNGOUT  CHEAP SOURCEOF
ol FILTRATION VEGETATION FODDER FOR BUFFALOES,
‘GOATS AND CAMELS
] MANGROVE SEEDLINGS ARE
TAKE OXYGEN FROMTHE AIR COLLECTED AND DRIED TO BE
USED AS FOOD FOR DOMESTIC
ANIMALS
INCREASED POLLUTION SEDIMENT e i =
RESULTS INTRASH SUCH AS ACCUMULATION BETWEEN J v, 24 i QR WAVE ATTENUATION
PLASTIC BAGS TRAPPED COMPLEX ROOTS AND SOIL - ‘ A THROUGH COMPLEX ROOTS
BETWEEN ROOTS STABILISATION X (N i 2 o 1‘:( PROTECTS THE SHORELINE
/ FLOOD CONTROL THROUGH
DRY MANGROVE ROOTS AND MANCRONERODIS EROIFCTS
BRANCHES USED AS FUEL BY HUMANSETTLEMENTS
/ EOCRLHEEERECLE CARBON SEQUESTRATION IN
BRANCHES, ROOTS AND SOIL.
SOME LOCALS CUT DOWN
MANGROVES TO SELLTIMBER | OCAL FISHERFOLK USE SINDH FORESTRY DEPART-
TO INDUSTRIES TIMBER FOR ROOF AND MENT IS REPLANTING
FENCING OF INFORMAL RHIZOPHORA SPECIES WHICH
HOMES 15 LESS SALT TOLERANTTHAN
AVICENNIA MARINA

CRABS AND MUD-SKIPPERS ~
FOUND IN DEGRADED

MANGROVE AREAS AS WELL
INCREASING SALINISATION THE NATIONALINCENTIVETO
AND SEAWATER INTRUSION IS PLANTTHESE MANGROVES t5
FALLEN MANGROVE LEAF DEPLETING MANGROVE CARPON CREDUS
DECOMPOSITION CREATES POPULATIONS CLOSERTO THE
NUTRIENTS FOR MARINE
FAUNA
NURSING GROUND FOR CRABS
AND SHRIMP (FOOD AND
— NURSING GROUND FOR FISH INCREASED WATER
SUCH AS MILK FISH, AND RED POLLUTION IS AFFECTING FISH WASTEWATER FROM KARACHI
SNAPPER 'AND SHRIMP POPULATIONS THROUGH THE MALIR RIVER
MUD CRABS AND SHRIMP THREATENS MANGROVE HABITATS
SOLD FOR EXPORT
'MILK AND SOLE FISH
LESS MANGROVES MAKES
-\ CONSUMED BY LOCAL
sl lii g o LESS FISH POPULATION LOCAL FISHERFOLK MORE CHEMICAL WASTE FROM
TH MEANS FISHERFOLK ARE ™ VULNERABLE TO FLOODS AND INDUSTRIES RETARDS MANGROVE
{OEREIRTHEDETA * FORCEDTO FISH OUT CYCLONES GROWTH
TOWARDS THE SEA

MILK AND SOLE FISH, RED
SNAPPER, POMFRET AND
MANY OTHER FISH EXPORTED

OVERFISHING OF NURSERIES

IS RESULTING IN REDUCED FISHERFOLK MIGRATE TO

FISH AND SHRIMP POPULA- KARACHI FOR SAFETY FROM

TIONS FLOODS AND BETTER
LIVELIHOOD OPPORTUNITIES
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Local Case Studies
Existing Relationship With Mangroves

RECREATION

Y The Mahigeer

N

Fishing Tours by Local Fisherfolk 1
(Source: khanaymeikyahai) ‘

Mangrove Biodiversity Park, Karachi
(2024) by TPL (Source: TPL Website)

PRESERVATION PRODUCTION

Local Replantation
Efforts (Source: Arab News)

Local fishing practices
(Source: M. Hussain Khan)

Environmental Activists on

Social Media (Source: Shah

Mehran) Bottom-up Initiative, Indus Delta.
(Source: IUCN)

IUCN Shrimp Aquaculture Project -






Networks of Care

RECREATION

P

Reconnecting mangroves
with urban life

PRESERVATION

z

==

Restoring natural flows and
sedimentation processes

PRODUCTION

<X
/ \
}ﬁgg\/%
Creating adaptive livelihoods
through agricultural gradients.



RECREATION

P

Reconnecting mangroves
with urban life



Delta: Existing Condition

District Boundary
B Built-up
Agriculture
M Grassland
Shrubland
Wetlands
Mangroves
River Network
Sea
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Stream

= Tidal channel
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Lake
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Network of Recreation

District Boundary
B Built-up

Agriculture
M Grassland
Shrubland
Wetlands
Mangroves
River Network
Sea

0O Dam/ Barrage
— Canal

Ditch

Stream
— Tidal channel
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Lake
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Network of Recreation
Zoom-in Area 1: Existing

Karachi Coast and Delta

River steam and tidal creeks
Mangroves

Wetland

Bareland

Agriculture

Existing Park/ Golf Course
Roads

Stormwater Drains
Industries

Fishing Villages

Fisheries

Salt farms | 51




Network of Recreation

Zoom-in Area 1: Proposed

WETLANDS AS BUFFER FOR
SETTLEMENTS

©

©

WIDEN
STORMWATER
DRAINS

CONNECT EXISTING URBAN
PARKS TO MANGROVES

MANGROVES FOR
ADDITIONAL FILTRATION

&

‘ SOLID WASTE TREATMENT

NATURAL EMBANKMENT
FOR INFILTRATION

VIEWING DECKS/
WALKWAYS

L,
/8

River steam and tidal creeks
Mangroves

Wetland

Bareland

Agriculture

Existing Park/ Golf Course
Roads

Stormwater Drains
Industries

Fishing Villages

Fisheries

Salt farms
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I hqve observed a greater
variety in bird species near the
city than before,

Mangroves have grown
denser around the city,
increasing our catch.

I can now enjoy my
breaks in the mangrove
park next to the creek.

My kids and I now have
access to cleaner public
spaces that also keep our
neighbourhood cool and

shaded.

Due to proper waste
management, I can breathe
and flourish in a cleaner
environment.

| o4



PRESERVATION

P

==

Restoring natural flows and
sedimentation processes



Network of Preservation

District Boundary

Built-up

Agriculture

Grassland

Shrubland

Wetlands

Mangroves

River Network (based on 1950s map)
Sea

Canal

Ditch

Stream

Tidal channel
Marsh
Reservoir
Lake

Floodplains
Natural embankments
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Network of Preservation
Zoom-in Area 2: Existing

Remote Settlements

25
‘ »«‘"Ni H
i

I

. River steam and tidal creeks

. Mangroves
. Wetland

Bareland
\\:“' Agriculture
. Settlements
~~ Roads

-~~~ Canals
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DEMOLISH BARRAGE TO
INCREASE FRESHWATER AND
SEDIMENT FLOW

RIVER
RENATURALISATION

Network of Preservation g
Zoom-in Area 2: Proposed

REDUCE DEPENDENCE ON
CANAL-FED AGRICULTURE

ECO-TOURISM TO INCREASE

FLOODPLAINS
CONSERVATION AWARENESS

STORING WATER
FOR AGRICULTURE

BIODIVERSITY  IMPROVE SEDIMENTATION
ISLANDS THROUGH NATURAL BARRIERS

River steam and tidal creeks
Mangroves

Wetland

Bareland

Agriculture

Settlements

Roads

Canals
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Even if we catch less fish, mangrove
restoration has created new jobs
forus.

Helping to enrich the
mangrove forests also
helps my people in the
long run.

I know more
about mangroves
after interacting
more with them
and seeing their
habitat.,

Mangroves are an integral
part of recreation in the

city.

—

We feel safe from flooding,
but many farmers .
migrated away to the city
when agriculture was
reduced.

| 60



PRODUCTION
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&

Creating adaptive livelihoods
through agricultural gradients.



Network of Production

District Boundary

B Built-up
Agriculture

M Grassland
Shrubland
Wetlands

M Mangroves

W River Network

M Sea

0O Dam/ Barrage
— Canal

Ditch

Stream
— Tidal channel
Marsh
Reservoir
Lake

M Shrimp aquaculture
Shrimp and Salt tolerant fruits and
vegetables
Freshwater fruits and vegetables
— = Predicted 2050 shoreline
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Network of Production
Zoom-in Area 3: Existing

Dense Agriculture and
Mangrove Islands

River steam and tidal creeks
Mangroves

Wetland

Bareland

Agriculture

Settlements

Roads

Canals
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Network of Production
Zoom-in Area 3: Proposed

MICRO-ALGAE
PONDS FOR FILTRATION

pD 2 AQUACULTURE INTEGRATION
\. / INTOWETLANDS

\ IMPROVE ORGANIC MATTER
FLOW TO MANGROVES

GRADIENT OF PRODUCTIVE

LANDCSAPE
<> RAINWATER HARVESTING
01 POLYCULTURE TO IMPROVE
. SOIL HEATH

USE TREATED GRE
FOR AQUACULTUI

River steam and tidal creeks
Mangroves

Wetland

Bareland

Agriculture

Settlements

Roads

Canals
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My family now relies on
aquaculture for our
livelihood more than
catching fish in the delta.

By pecoming
agriculturé g
penefit from

I help take care of
mangroves because they
tmprove aquaculture yield.

a part Of the

radient, wé

We rely on less water to
farm, while producing a
greater yield through more
sustainable methods.
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Network of Recreation

Toolkit of Strategies - Evaluation
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Re-evaluation of Toolkit Strategies

e il Pr:s:r:a;;;\\ - < Recreation \> {\// Production
_~ —_— = + SN —~
~ \v‘.«"

1. Improve sedimentation through
natural barriers

3. Create a nature trail/ eco park to
increase awareness for conservation
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Delta - Existing Condition

[ District Boundary

M Built-up Current
Agriculture

B Existing Mangroves

— Canal

= River

— Stream/ Stormwater Drains
Lake/ Reservoir
Wetland

== Indus River 1950 Path

— Road Network

-- Rail Network

Saline Zone
Brackish Zone
== 2050 Shoreline
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Delta Vision - Green/ Blue Network
Recreation and Preservation

EEERERTO

District Boundary
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Canal-fed Agriculture
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Delta Vision - Agricultural Gradient
Production and Preservation

District Boundary

Built-up Current

Built-up Increase 2050

Canal-fed Agriculture

Rain-fed Agriculture

Aquaculture and Salt-tolerant farming
Aquaculture

New Mangroves
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Delta Vision - Urban to Rural Migration b Y |
Recreation and Production ) a7

District Boundary
W Built-up Current
Built-up Increase 2050
Canal-fed Agriculture
Rain-fed Agriculture
Aquaculture and Salt-tolerant farming
Aquaculture
New Mangroves
Existing Mangroves
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Zoom-in Area 1:
Karachi Coast and the Delta
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Zoom-in Area 1:
Karachi Coast and the Delta
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Zoom-in Area 2:
Remote Settlements

WETLANDS AS BUFFER FOR
SETTLEMENTS

IMPROVE SEDIMENTATION
THROUGH NATURAL BARRIERS

VIEWING DECKS/
WALKWAYS

ECO-TOURISM TO INCREASE
CONSERVATION AWARENESS

VIEWING DECKS/

WALKWAYS

ECOLOGICAL CORRIDOR FOR
SMALL ANIMALS AND BIRDS

DEMOLISH BARRAGE TO
INCREASE FRESHWATER AND
SEDIMENT FLOW

RIVER
RENATURALISATION

FLOODPLAINS
STORING WATER
FOR AGRICULTURE

MICRO-ALGAE
PONDS FOR FILTRATION

REDUCE DEPENDENCE ON
CANAL-FED AGRICULTURE

: ; RAINWATER HARVESTING

. River steam and tidal creeks

. Mangroves
. Wetland

Bareland
&\‘ Agriculture
. Settlements
~~ Roads

Canals

| 78



Combined Delta Vision 2050 - Zoom-Ins y i A ' ) MR




RIVER

. RENATURALISATION
ZO O m = I n A re a 3 : VIEWING DECKS, ECO-TOURISM TO INCREASE

) WALKWAYS CONSERVATION AWARENESS
Dense Agriculture and Mangrove Islands T AV = REEARCH

WETLANDS AS BUFFER|
FOR SETTLEMENTS

AQUACULTURE INTEGRATION GRADIENT OF PRODUCTIVE 4
INTO WETLANDS LANDCSAPE

IMPROVE SEDIMENTATION
THROUGH NATURAL BARRIERS

RAINWATER HARVESTING

GRADIENT OF PRODUCTIVE
LANDCSAPE

TRANSITION TO RAIN-FED
CROP PLANTATION

. River steam and tidal creeks

. Mangroves
. Wetland

Bareland
§ Agriculture
. Settlements
~~ Roads

Canals

| 79



Zoom-in Area 3:
Dense Agriculture and Mangrove Islands
Typology Section
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Phasing and Implementation

Priotity Actions

Focus Areas

Stakeholders Engaged

Urgent (Years 2-5)

Short-Mid Term (Years 5-10)

Long Term (Years 10-25)

» Ensure clean water reaches the delta (e.g. treated

wastewater, improved storm drains)

» Set aside and protect mangrove zones along coast
and creek edges

« Launch low-cost production pilots (e.g. community
aquaculture, polyculture, etc.)

« Restore degraded wetlands and convert flood-prone
farmland into buffers

« Support livelihood diversification (shrimp ponds,
salt-tolerant crops, eco-tourism pilots)

« Enforce no-fishing zones in key regeneration sites

 Formalize recreation networks (urban mangrove
parks, eco-trails)

« Build governance partnerships (water-sharing,
zoning, community monitoring)

« Scale up productive mosaics based on ecological
performance

Karachi Coast and
Tidal Creeks

Remote delta villages &
saline agriculture zones

Across entire delta
gradient (inland to sea)

Local fisherfolk,

Local farmers,

NGOs like Pakistan Fisherfolk Forum (PFF),
Sindh Building Control Authority (SBCA),
Karachi Development Authority (KDA),

Defence Housing Authority (DHA)

Karachi Water & Sewerage Corporation (KWSC),
Sindh Solid Waste Management Board (SSWMB)

Farmers,

Fisherfolk,

Sindh Environmental Protection Agency (SEPA),
Ministry of Climate Change Pakistan,

Provincial Disaster Management Authority (PDMA
Sindh)

WWEF-Pakistan and IUCN Pakistan

Government of Sindh (Planning & Development
Department),

Sindh Coastal Development Authority (SCDA),
Sindh Forest Department,

Indus River System Authority (IRSA),

Water and Power Development Authority (WAPDA),
WWEF-Pakistan and IUCN Pakistan
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