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Mangroves are a remarkably diverse and
important ecosystem that works in tandem
with other marine ecosystems including sea
grass beds and coral reefs all of which are
essential not only for the health of our
ocean, coasts and the biodiversity that they

support, but for the wellbeing of humans.

Leticia Carvalho ,
Head of Marine and Freshwater
(UNEP)



GLOBAL DISTRIBUTION OF MANGROVES
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33% percent of Mangroves around the

world lies in Southeast Asia Region .

Pakistan falls in 3-4 species category

among the world .

The Biomass of Mangroves in Pakistan
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To carry out temporal analysis of
deforestation/afforestation in coastal
mangrove forest using high resolution

satellite data

_—
Thematic Change Detection 2000 - 2016

Monitoring Costal Forest of Pakistan using
Advanced Remote Sensing Techniques

To discriminate mangroves To develop canopy height / 3-D model of
species using hyperspectral mangrove forests using point cloud data
satellite data from elevation datasets

) #2 Spectral Profile:

File Edit O



Monitoring Costal Forest of Pakistan using

Advanced Remote Sensing Techniques
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Study Area

The Study area Locéted in In

the coastal belt of Si

Pakistan.
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Activity 01 : Temporal Analysis
Satellite Datasets from DSSP

T .

(@‘g UNGEONOW 2025 (¢
X/  2-EBRaEHER

[ Order Statistics
2021-01-01 To 2023-04-24

Total quantity(scens)
1,000

Pakistan
Total quantity: 734
Total area: 211.0784243158996

Thailand Pakistan

Order Statistics Paki st an

No. of Spatial

Satellites Period Bands .
Scenes Resolution

GF-2 PMS 2016-2021 Pan
Multispectral

GF-1 PMS 2016-2021 Pan
Multispectral

GF-1 WFV 2016-2021 Multispectral
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<Y A During  study over 734
.. downloaded from DSSP
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Activity 01

To carry out temporal analysis of deforestation/afforestd

In coastal mangrove forest using high resolution satellité
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Activity 01 : Temporal Analysis

Satellite Datasets

Radiometric Calibration - WFV 2021
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“{|sateliite Data Description:

Sensor : GF1-WFV

¥ Date of Acquisition - 14-11-2021
. |Projection : GCS WGS 1984
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g Satelite Data Description:

Sensor : GF1-WFV

| Date of Acquisition : 14-11-2021

‘\N Projection : WGS-1984-UTM Zone-42N|
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Geometric Correction - WFV 2021

Ink

Y Source

1 329762852428  2740472.953561
2 306675.226377  2739904.045818
3 323111.400538  2742579.039673

Residual_x Residual_y

1.96181 -0.809495
| -0.577905 1.12784
0.856038  -1.92025
-2.06016 2.05042

Residual
2.12226
1.26728
2.10242
2.90663

Total RMS Error: forward:L 74731 |

Y| satelite Data Description:
Sensor : GF1-WFV

/| Date of Acquisition : 14-11-2021

|| Projection : WGS-1984-UTM Zone-42N|




Activity 01 : Temporal Analysis
Processing of Satellite Datasets

W’@v UN GEONOW 2025
\ )

X/ | 2s-_ERaE®ER

Development of Training-Validation dataset

A Two stage systematic sampling technique was used in this study to
develop training-validation datasets for mapping mangrove forest in

the study area

A A sampling distance of 3 km was used for sample points located in
land and water. However a sampling distance of 1.5 km was used for

sample points located under forest area

AIn this way, the final training-validation layer of each year contain

approximately 400 points

A The training-validation layers for 2016 - 2021 were visually interpreted

using high resolution satellite imagery (GF1-PMS and GF2-PMS) into

four classes i.e. Wet Land, Grass Land, Other Land and Forest Land

A The training-validation layer for the year 2000 was visually interpreted

using Google earth software due to absence of high resolution

imagery from DSSP platform for the year 2000 Preparation of Training -Validation dataset



Activity 01 : Temporal Analysis
Field Measurement Phase - |

Survey Route
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Activity 01 : Temporal Analysis
Field Measurement Phase

Collection
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Machine Learning Technique Workflow S

Principle Component (PC), PC 1 Texture, Forest Canopy Density (FCD) and Fractional Vegetation Index (FVI) were developed and used as predictor
variables for Thematic Mapping using Machine Learning

Value
I High : 92.156

Low:0

Development of Training
Validation Layer

t

Classification using
Development of Random Forest Classifier

Predictor Variables embedded in Orfeo
Toolbox

Pre Processed
GF-1 WFV
Dataset

Principle

7. iy
Component Forest Canopy

.DenS|ty (FCD)

Value

N I High : 1.02771

Low : -0.621599

Principal Component (PC)

Principle
Component Other
- Texture Land (OL)

and
Geometrically Forest
Corrected Canopy
imagery Density (FCD)

Fractional

Vegetation Forest
Index (FVI) Land (FL)

Fractional Vegetation
Index (FVI)

PC - Texture
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Thematic Maps 2000 S

Class Values Wet Land Other Land Grass Land ForestLand UA Total

Wet Land 32 1 0 1 94,12 | 34
Other Land 12 58 1 4 77.33| 75
Grass Land 2 6 1 11 5 20
Forest Land 1 1 0 44 95.65| 46
Total 47 66 2 60 | 175
PA 68.09 87.88 50 7333 |

0A 7714

Kappa 0.67
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Thematic Maps 2016 S

Class Values

Wet Land Other Land Grass Land ForestLand UA Total

Thematic Map of Mangrove Forest - GF1 WFV 2016

: - Wet Land 34 5 1 1 82.93| 41
5700’ Karachi 65"00'E : g A
\ e U Other Land 3 28 2 2 80 35
L Grass Land 0 5 15 1 71.43] 21
Forest Land 0 4 1 58 92.06| 63
Total 37 42 19 62
PA

Legend
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Activity 01 : Temporal Analysis
Thematic Maps 2021
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Wet Land 31 4 1 0 86.11| 36
Other Land 2 29 2 80.56| 36
Grass Land 0 1 30 0 96.77| 31
Forest Land 0 3 4 50 87.72| 57
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Thematic Change Detection 2000 - 2016

Thematic Change Detection 2000 - 2016
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Activity 01 : Temporal Analysis
Thematic Change Detection

Thematic Change Detection 2016 - 2021

Thematic Change Detection 2016 - 2021
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Activity 01 : Temporal Analysis
Thematic Change Detection

Thematic Change Detection 2019 - 2025

Mangrove Forest Change (2019 - 2025)
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Activity 02

To discriminate Mangroves species using Hyperspect

Satellite data
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Methodological flow of Mangrove Specie Discrimination study

—[ OuTPUT ] 9 X | @
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~ Classification using / ' ' / ;
Geometric Correction n-Dimensional Visualization
Projection: UTM Zone 42 N Endmember Definition

Radiometric Correction
Gains & Offsets from Metadata

J Spectral Angle Support Vector
l Mapper (SAM) Machine (SVM)
Atmospheric Correction
Acquisition of Calibration to Apﬁm‘l;HReﬂectance Reforence
Data L using ) 3 4 y 22 Spectral Profi -
ZY].E AHSI Spectral Data @ @ 2 Spectral Profile:ZY1E_AHSI_E67.36_N24... m] X
From Apogee File Edit Options PlotF elp File Edit Options Plot_Function Help
Spatial: som | [ Mosaicking & Sub-setting Spectroradiometer =
Resolution L (Spatial & Spectral) M
Spectral: 166 angrove
Resolution Bands S -
( Minimum Noise Fraction pECIES

Transform
To reduce the number of spectral
\ dimensions to be analyzed y

Pixel Purity Index
Limited iterations for identification
L of bad pixels

ET

Accuracy

ﬂﬁf&sgsh"li?at A At first, using the post-launch gain and offset values provided in the
collected in metadata, we apply radiometric calibration methods to transform

Field Survey digital numbers to spectral radiance or exoatmospheric reflectance

(reflectance above the atmosphere)

A Later the images were corrected atmospherically (bottom - of -
atmosphere reflectance) using FLAASH available within the ENVI
software .
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Pre-analysis of Hyperspectral data

Minimum Noise Fraction (MNF)
The minimum noise fraction (MNF) transform was used to determine the inherent dimensionality of image data to segregate noise in the data and to reduce the
computational requirements for subsequent processing.

Pixel Purity Index n-D Visualization Ground Validation using Random Sampling Points in each class of SAM output

The Pixel-Purity-Index (PPIl) is a n-D Visualizerisused = Ground validation is an important step in remote sensing data analysis to assess the accuracy
means of finding the most "spectrally to locate, identify, and  of classified results. In the case of SAM (Spectral Angle Mapper) classification, ground
pure,” or extreme, pixels in cluster the purest validation was carried out using random sampling points in each class of the SAM classified
Hyperspectral images pixels and the most output
In this step, 13 bands were selected extreme spectral

from ZY-1E Hyperspectral which are responsesina Sample Points - Field Survey Phase Il
spatially coherent based on the dataset E L TR R ¢ S /7 Lo
calculation of spatial coherence after : k Y s AL
numerous iterations
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Collection of spectral S|gnatures using handheld Spectro-radiometer in the Ground

data is essential for accurate
Wavelength 2.0 nm .
_ remote sensing-based
Cosine Response classification of mangrove
species. The study area was

Linear Range 0 to 2.1 absorbance units (<0.5%) KaraChi’ which is known for its
rich mangrove vegetation. The
field data collection was

Moy

V.

A reference scan was.
<Lecorded before measurlng'
fhaace, transm|SS|on or

re oL, eference

- hlgh\reflec%
B\ o

qj;ldard For calibratiof

ApogeemmSpeeHoatiometer  was

used along with-its-other equipment
including Reflectance Probe,
Integration 4 msec to 60 sec (syn-optic multi-channel) carried out during the peak Reflectance Wand, Cosine
(Exposure Range) growth period of the Corrected Head _and Reflectance
mangrove vegetation in the standard

Less than 0.05 nm region

Detector

AN 4 Standard provided) with
3 Apogee instrument

Wavelength
Repeatability

Rhizophora Ceriops Tagal Avicenna Marina

Wavelength
Stability

Less than 0.001 nm per C

Dynamic Range

Total Irradiance was recorded using
Spectroradiometer in the wavelength range of
(300 Nm-1000 nm) in the skyward direction
using cosine correction head. The total
irradiance  helps in  eliminating the

atmospheric effects from the data
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Development of Training sets for Mangrove Specie Mapping using SVM technique
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