


Coastal Zone : intensive human activities, y’@% l UN GEONOW 2025
. . . XS/ s-_EBaEHER
increasing pressures of climate changes S

GLOBAL CARBON BUDGET OF THE S10J0)
LAND TO OCEAN AQUATIC CONTINUUM (LOAC)

Flood plains
(Amazon only)
Estuaries

015

Storage on land
1656

Storage in LOAC
05

J.H. Nienhuis et al. Nature. 2020

Delta are the links between the land and the seaq, the early settlements for our ancestors and still
embrace most of the megacities today. There are more than 11,000 estuarine deltas in the world, with
the highest intensity of socio-economic utilization. Under the influence of human activities and climate
change, the estuarine delta is the most prominent region of global ecological environment challenges
(wetland degradation, biodiversity reduction, water and soil pollution, algae blooming, hypoxia and
marine litter threats ), as well as science research frontiers, such as, S2S, carbon recycling, climate
change, and has received high attention from scientists, authorities, publics and organizations.
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Asia hosts the most large deltas in the world due to the large runoff and sediment discharges linked to the Tibet
Plateau, which are sensitive to the climate change. These Asian large deltas are confronting the serious challenges of
sustainable development of eco-environment, disaster reduction and prevention combined influenced by climate change
impacts both from river catchments and the ocean, Although different rivers are affected differently by the
factors of climate change because of their distribution in different climatic zones. Most international organizations
take the goals to encourage collaborative researches on estuarine deltas among member countries and institutions., to
provide scientific tools and capacities to identify, monitor and understand the delta evolution trends and influencing

factors, to provide better spatial planning and management approaches, and actively respond to climate changes.
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Delta estuaries provide wide range of
scenarios for earth observation practice
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The development of earth observation technology(EQ), modern information technology and
ground survey technology has provided the possibility for multi spatial and multi fime scale
observation comparison, evolution mechanism research, spatial planning, ecological environment
protection, disaster reduction and prevention of global coastal zone and estuarine delta.

@ lithosphere @ Geology € Remote sensing data
@ Hvdrosphere & Ecol € Ground measured data
.Y P cology € Society and economic data
@ Biosphere @ Meteorological ¢ Numerical simulation and prediction
€ Atmosphere @ Ocean ® Scientific research and strategic decision
Coast
a ~ Digital @
Compute g
Twin

2 @




Spatial and temporal changes of mangrove in the Indus Delta UN GEONOW 2025
responding to climate changes and anthropogenic impacts BoRKAENER
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| . | This study systematically collected the remote
. i sensing data of Indus Delta from 1990 to 2023,
| ! analyzed the spectral characteristics of mangrove
fifth largest mangrove forest inthe | vegetation, and used tassel-cap transform (TC),

The Indus Delta mangrove forest is
the largest arid mangrove forest in
the world. In 1984, it was ranked the
world, with an area of up to 2,500 km?,
but as of 2015, the area is 980km?,
r'anking less than llmbEONOW 2025

normalized vegetation index (NDVT) and decision
tree to construct the statistical analysis of the
mangrove ecosystem change in the Indus Delta
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dramatic spatial and temporal shifting of mangrove
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forests in the Indus Delta over the past 30 years
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Near Karachi, obvious degradation and local self-
restoration under the influence of human activities

Near the port of Karachi, is mostly artificial
shoreline and strongly disturbed by human activities.
In the past 30 years, the change trend of mangrove
area is firstly increasing and then decreasing, which
includes the expansion of mangrove in the bay and
the destruction of the original mangrove growing area
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due to coastal construction

UN GEONOW 2025 2000



Coast QasimE near abandoned Indus tributary expansion
in the inner tidal flat with increasing patches density
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Near Port Qasim, at the mouth of a tributary
of the Indus River abandoned in the mid-19th
century, the mangroves continue to expand
landward. In the landscape pattern index, the
number of patches decreased, the average
patch area increased, and the degree of
aggregation increased.



Near present Indus River mouth, the outer tidal 7% | UnceonTEE
flat mangroves show obvious spatial and density @ ‘ B R R S A
increase due to sufficient sediment supplies
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Near the Indus Estuary. Mangroves have significantly expanded along the coast close to the
current Indus River mouth, river sediment discharge led to the formation of new sedimentar
areas on sandbar islands, facilitating mangrove growth.

The mangrove forest has decreased in areas far from the Indus estuary, with a landscape

1990-2021 pattern index indicatinghigh ecosystem fragmentation and scattered growth areas.
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Net shoreline change in IRD from 1972 to 2017

zonel zZoneZ zZoned zoned

0 -

-200

-400 -

-600 -

-800

fEL T RS Bl i/ m

-1000 -

1200 5 ~ Siyal et al.,2022"

Kanwal et al., 2020~

m1972-1990 w1990-2017

-1400

73 @ R /km

. L
% i
s s
I |
. : . |
TelpbAal and spatial changes of mangrove ecosystems in ; * ' -
. IRD are significantly consistent with the coastal erosion, ! " :z | g
i related to the r'apid reduction of sediment Supply caused i 0 20 a0 60 8 100 120 140 160 180

by catchment reservoir construction



Decrease of sediment discharges related
to increase of catchment reservoirs
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Major dams and reservoirs on Indus River 200000 - Sediment input to Indus River Delta since 1930s
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TSM in offshore related to sediment supplies @) | uisronowans @

~ 600
2 20 —w¥— more southern estuary
Baoo 4. .. gr..383.38
E 300
@ 200
100
S (O
T T T T T T T T T 1
1984 1988 1992 1996 2000 2004 2008 2012 2016 2020
700
% 600
500
2w —&— southern estuary
E 300 H . R SR v S ..259.75
200
100
A [C)
T T T T T T T T T 1
200 28 1988 1992 1996 2000 2004 2008 2012 2016 2020
~ 600 N
5 500 —&— main estuary
400

I T T T I T T T I T I T I T T T I T I
1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

700
2 —&— northern estuary
B 400
= 300
| R
67°0"0"E 67°30'0"E Crsut (mglL) 68°0"0"E 0 T T T T T T T T T T T T T T T T T T ]
0 10 20 20 . 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020
]ﬂn : v - . - T
600 400 200 0 200 400 600 Time(year)
TSM Difference between May 2000 and April 2019 Long term variation of annual average TSM (1986-2019)

The decrease of sediment supplies is also detected in the change of total suspended materials (TSM) in the estuary of fshore.
Over the past 30 years, Indus estuary TSM have experienced an overall trend of decline, even though southeastern estuary
offshore TSM increased in recent years, but more likely due to sediments resuspension related increasing tidal dynamic and

cyclone intensity and frequency
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In the 19th century, the Indus basin consisted of 17 major tributaries and numerous others, but with reduced runoff and land use changes, only
one major channel (Khobar Creek) remained to transport runoff after 2000. The abandoned tributary channels and tidal branches are dynamically
adjusted for a long time under the action of tidal currents and waves. To the north the larger creeks were filled in while secondary tidal channels
with shallow depth and small width developed. In addition, the relative elevation of this area is the highest in the whole delta coastline, which is
conducive to the stable expansion of mangrove ecosystem.



Adjustment of delta landform controlled the changes (@% UNGEONONE TS @
of the mangrove ecosystem in a larger space S/ AN T Q

On the southeast side of the
delta near India, the overall
elevation is low, the lack of
sediment replenishes since the
second half of the 19th century,
strong tidal currents and strong
waves brought by the southwest
monsoon have widened and
deepened the tidal branch of the
tributary channel, which is not
favorable o mangrove growth and
leads to mangrove erosion at the
creek edge.

In the vicinity of the current
estuary, the Indus River can still
carry sediment during the
summer flood season, which is
transported to the tidal flats and
sandbank islands near the estuary
continues to accumulate, which is
conducive to the development of
the mangrove ecosystem.

after Syvitski et al.,2013™
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Extreme climatic events such as tropical cyclones, floods and droughts af fect the sediment budget in
the estuary area and the stability of the mangrove ecosystem in long term
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. . - thi be chronic high
Unavoidable sea level rise will cause: tide flooding and extieme
flooding during storms
Losses of coastal Groundwater Flooding and damages
ecosystems and salinisation to coastal infrastructure

ecosystem services

These cascade into risks to: livelihoods, settlements, health,
well-being, food and water security and cultural values.
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The sea level rise rate of 0.9mm/yr to 1.2mm/yr will threaten the
mangrove ecosystem. During the 20th century, the sea level near
Karachi rose at a rate of 1.1mm/yr, increasing eastward to 1.9mm/yr,
results in overall inundation of the delta, and expansion of mangrove
landward but degradation seaward.

Indus Delta flooding map under climate projection

https://coastal.climatecentral.org/™



Restoration practice improve mangrove ecosystems
adaptation to climate change

Mangrove plantation activities

Institution/Agency time  "lanting areas

(km?)
IUCN/SFD 1995 30
SFD/World Bank 1993-1999 171
SFD/IUCN 1993-1999 15
SFD/Government of Sindh 2000-2006 160
SFD/Government of Pakistan 2003-2008 50
Sindh Coastal Development
Authority/Government of Sindh A0S e
SFD/Government of Sindh 2003-2008 100
WWF 2003-2008 1
UNDP/Sonmlar_wl D_evelopment 2004-2006 3
Organisation
WWEF/Royal Netherlands Embassy 2007-2011 15
IUCN/Royal Netherlands Embassy 2007-2013 12
Sindh Coastal Development
Authority/ADB ~ObE-2tile &
SFD/Government of Sindh 2009-2014 50
SFD/Government of Sindh 2011-2017 500
IUCN 2010 15
SFD/IUCN 2011-2017 500
I[UCN/Pakistan Internatlonal Bulk 2012-2014 5
Termina
MFF 2011-2012 9
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Mangrove plantation

Mangrove plantation

Mangrove ecosystems in estuarine
deltas are highly vulnerable to the
impacts of global warming, sea level
rise, intensive coast human activities.
Proper and immediate implementation
of eco-friendly conservation and
restoration is critical for sustainable
mangrove ecosystems around world

[ Mosoodl 2015€
" ljaz et al.,2018€




EO Index of ecological environment change
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Guiding Manual of Earth Observation Index for Temporal and Spatial Changes of Ecological
Environment in Estuarine Delta, promoted and applied in project partners and EO society
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Guidelines for the Earth Observation Indicators
System of Spatio-Temporal Changes in the

Eco-Environment of Deltas and Estuaries

Qingdao Institute of Marine Geology, China Geological Survey
Aerial Geophysical Exploration and Remote Sensing Center
for Natural R

ez, China Geological Survey
Xi'an Jiaotong Univerzity

Piezat Information Technology Co., Ltd
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Table 1: Ecological and Envil I Indi: System for River Delta
Primary Indi S dary Indi s | Tertiary Indi .
(Major Categories) ¢ ios) (Key Indi N Indicator Type Data Acquisition Method
Fraction of Vegetation Satellite remote sensing as the primary method,
Cover Key Indicator(K) supplemented by Field surveys
Leafiren Rey Indicator(K) Satellite remote slta'nsL::lg&s!.hc])rn.marymeﬂmdi7
5 o by Field surveys
- ) Satellite remote sensing as the primary method,
1.1 Vegatation Biomass Key Indicator(K) supplemented by Field surveys
_— s Satellite remote sensing as the primary method,
Primary Productivity Key Indicator() supplemented by Field surveys
— Satellite remote sensing and aerial survey as the
1 Ecological Wetland Plonts Key Indicator(K) main methods, supplemented by Field surveys
Indicators N Wetland Type, Satellite remote sensing and aerial survey as the
1.2 Wetland Plants Distribution, and Area. | Y Lodieatert®) main methods, supplemented by Field surveys
Dynamics Key Indicator(K) Satellite remote sensing
Number of Patches Key Indicator(K) Satellite remote sensing
Patch Density Key Indicator(K) Satellite remote sensing
1.3 Landscape Pattern Patch Aggregation Index | Auxiliary Indicators(S) Satellite remote sensing
Landscape -
Fragmentation fndex Key Indicator(K) Satellite remote sensing
Landscl];]f;parmon Auxiliary Indicators(S) Satellite remote sensing
5 Total Suspended Matter Field surveys as the primary method, supplemented
2 Environmental 2.1 Water Color Cone. on Key Indicator(K) - ite remote sensing,




EO Mul'ri -sources data processing methodology
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Guidelines for Standardized Processing Techniques of
Multi-Source Fusion Earth Observation Data for Spatio-Temporal
Changes in the Eco-Environment of Deltas and Estuaries

Qingdac Institute of Marine Geology, China Geological Survey
China Aero Geophysical Survey & Remote Sensing Center for Land and Resources
Xi'an Jiaotong University
Piesat Information Technology Co_Ltd
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Taking the current national standards, industry
standards and technical requirements for Marine
coastal zone ecological environment, Marine
hydrology and geological environment investigation
as the main reference, fully absorbing international
standards and research results, the field
investigation, experimental analysis and data
processing methods of each ecological environment
index are screened, and a data processing
technology and method system corresponding to the
index system is formed. Multi-source fusion data
processing and analysis method validation were
carried out in representative Asian river deltas.
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EO data management and decision making support system \" UN GEONOW 2025
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The estuarine delta ecological environment sharing
service database has been established, and various
data service interfaces have been developed to
realize multi-source heterogeneous mass data
collection and multi-level hierarchical storage.
Provide multi-source data modeling, data storage
= s management, data catalog construction, automatic
and interactive archiving, data query download,
data release and other management capabilities
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International cooperatione case studye technology promotions good practice
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