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What is spatial data

Data related to or containing information about a specific

location on the Earth’s surface

Raster

Vector




Components of Spatial Data

Attributes iInformation Projection system

Geographic and projected co-ordinate system
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Geospatial
modeling

To study and simulate spatial objects or
phenomena that occur in the real world to
facilitate problem solving and planning.

The Key elements are:

« Scale
« Patfern e
 Noise

Accuracy and Precision

Hazard analysis using geospatial modelling




Habitat suitability modeling

Wildlife habitat models represent the presumed or known
relafionships between a species and the various environmental
components that are needed for survival and reproduction
(Cushman et 2013)

Important building block of connectivity models — A resistance
raster




Habitat suitability modeling

Distance from road Distance from settlement

« QOverlay analysis:

Raster overlay
Weighted overlay
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Land cover Human-footprint index Bioclimatic

« Species distribution model: l ]
equation

iIncludes species presence/absence data

Regression Models

Machine learning Models
Ensemble model
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Welghted overlay analysis for habitat
sultabllity
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Overview of Weighted Overlay analysis

Liberal models ‘ 2|2
2 = | 2 | 2 | 1
' 1 [N
Types of overlay analysis: s S oy

(Influence 75%) (Influence 25%)

Source: Arc GIS

Additive mean — calculated using addition of data layers

Geometric mean - calculated using geometric mean of data layers




Steps in Weighted Overlay analysis

1. Define objective

Determine evaluation criteria
Acquire spatial datasets for criteria
Provide scores within criteria
Evaluate weights for each criteria

Perform overlay analysis

N o WD

Evaluate and interpret results
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Defining objective

To develop habitat suitability map for
Kangchenjunga landscape for umbrella
species




Determining criteria

* Land cover/ Land use pattern « Surface hydrology
Surface
« Geology
« Human infrastructure
Transportation network e Soil characteristics
Settlement
Utilities

Terrain characteristics
Elevation
Topographic position
Slope

Climate consideration
Temperature
Precipitation




Criteria used in the
study

Land cover — ICIMOD Regional database system for HKH

Distance to all road- Road line layer: Open Street Map

Distance to major settlement- Point layer- Open Street Map (Cities and Towns)
Topographic position- Raster layer: Derived from Elevation

Elevation- Raster layer: Shuttle Radar Topography Mission (SRTM)

Distance to river- Line vector layer: ICIMOD Regional database system for HKH
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Acquiring spatial data

« |sit available in spatial format
« Source of the dataset
« Spatial resolution of dataset

« Whatis the latest available dataset

Some of the globally available data set for:
« Climate: World clim, NCAR CommunityClimate System Model (CCSM)
« Hydrology: HdroSHEDS, JRC Global Surface Water,

« Landover: Copernicus global land cover, USGS GLCC, SERVIR HKH RLCM (available
shortly)



Defining scores

Distance to nearest road

Provide scores based on suitability classes <0.5 km

0.5 km - 2 km
Ranges or discrete classes are provided with By
score/rank to each categories based on 8 km
suitability

All criteria must be scored in the same scale

Needle leave forest

Mathematical function such as linear scaling Rroad leave forest
are also used to provide scores and form

. Mixed forest
continuous raster

Thorn forest




“ , Reclassify

Example for reclassifying road

Input ragter
L4 -
(Con-l-l nuous) |Oyer [D:‘-.n:onidor,conn‘zgis_iayeﬁ.eucﬁ_rcad ;] =2
Redlass fiskd
Vb v
. Redassification
New values ~
- o-tearetease 1
4’6?7,5!“"”17‘3_‘“?%35.‘?;. R ‘
| 4saomasson - e dseea TR T
T77733%R48 12932 0813 & |
j.’”??."’f‘???:”‘?‘_’?‘?.. I Add Entry
3 NoData NoDats
Delete Entries
v
Load... Save... Reverse New Values Preason.,,
Output raster
C:sers\Psharma\Documents \ArcGIS Pefault. gdb Redass_sud? E:’*
[] Change missing vakies to NoData {eptional)

» Reclassify fool to set scores

« FEuclidean distance to road layer

« Reclassify road layer closet as least suitable
and furthest as most suitable WY "“*

« Carry out this steps for all raster criteria layers v B




Determining weights

Most commonly used method:

Saaty’s (2012) Analyfical Hierarchy Process using pairwise comparison
among criteria

Based on:;

Level 1: GOAL { Habitat of Red
. Panda
Best judgement
Expert knowledge * . ! ¥
. , an
Literature Level 2: CRITERIA { Hydrology
|
Stakeholder consultation(preference)
Level 3. ALTERNATIVES {
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Dist fo major Topographic

Saaty's Pairwise comparison scale Criteria Land cover Dist fo road settlement  position Elevation Dist to rivers
; 9 Landcover 1 4 4 4 3 4
Extremely important _
8 | Distto road 1/4 1 1/2 1/3 1/3 1/2
V. strongly more important Z Dist to major
5 settlement 1/4 2 1 1/3 1/3 1/2
Strongly more important 4 Topographic
3 position 1/4 3 3 1 1/3 3
Moderately more important ) Elevation 1/3 3 3 3 : 3
Equally important I | Distance torivers 1/4 2 2 1/3 1/3 1
SUM 2.333333 15 13.5 9 5.33333 12
Land Dist fo major Topographic Dist to Final
Criteria cover Dist to road settlement position Elevation rivers AVERAGE WeightsWeights*
Land cover 0.43 0.267 0.29 0.44 0.56 0.3 0.38 38.86 39%
Dist to road 0.11 0.067 0.03 0.03 0.06 0.04 0.058 5.86 6%
Dist to major
settlement 0.11 0.13 0.07 0.03 0.06 0.04 0.075 7.59 8%
Topographic position 0.11 0.2 0.22 0.1 0.06 0.25 0.158 15.88 16%
Elevation 0.14 0.2 0.22 0.3 0.18 0.25 0.22 22.1 22%
Dist to rivers 0.11 0.13 0.14 0.03 0.062 0.083 0.095 9.52 10%

*Weights should add up to 100



Overlay Analysis

«  Weighted Overlay Analysis — Arc GIS tool

Additive mean

Sum(creiterial*Weight1+ creiteria2*Weight2+ criteria3*W3 +......... )

«  Weighted Geometric mean /li
1 W;
Formula: (12[ xf"i]/ gl

=1

HSI= Product((Criteria1 AWeight1)*(Criteria2AWeight2)*(Criteria3AWeight3) ) A (1/ sumWn)




Formula for raster calculator

"‘\ Raster Calculator

Map Algebra expression

Layers and variables A Conditional A
<>wetb_re E 7_13_»8 z 5 ' r'/ =ZIGar &" Con
<>river_re 1 _‘ L= | P I ETE ]| pick
> topo_pos_rel 4 ‘-SMG * ,>4.>= [ | || Setiull
<>sett_re1 —re— s r— | Math

- = M
groads—re £ A __.1_2 I8! s e T :_< 1 % il || Abs
lc_2010_re : - — —
v 0 . + |14 || 2 ~ || BP v

ele_rel L | S S S | S | I B P

Power("ele_re1",0.21)*Power("lc_re",0.39) * Power("sett_re1”,0.08)*Power("wetb_re”,0. 10)*Power
("roads_re”,0.06)*Power("topo_pos_re1”,0.16)

Qutput raster
¢:\users\psharma\documents\arcgis\default.gdb\ele_re1_ras1 ; E




habitat_suitability.tif

Value
High:5

Low: 1.27774

"‘:‘\ Reclassify

Input raster
| habitat_suitability.tif | @
Redass field
| Value v l
Redassification
Old values New values A
1.27774-2.031925 1
2.031925 - 2.768083 2 ]' e
2.768083 - 3.318783 3 R
3.318783 - 2.842301 4
3.842801 - 4.763282 5 L Add Entry
NeData NoData
Delete Entries
V | 3 PIENST POV SR
[ Load... ‘ ] Save... \ ER’everseNewVaiuesJ ‘ Predision... ]
Output raster

| C:\Users\Psharma\Documents\ArcGIS\Default.gdb\Redass_tif1

Habitat suitability map generated from overlay analysis




Legend
Terrestrial wildlife habitat

classified

I Very highly suitable

N Not suitable

I Moderately suitable

Less suitable

B Highly suitable

[ Kangchenjunga landscape boundary

Classified habitat suitability for terrestrial wildlife of the Kangchenjunga landscape



Conclusion

Weighted Overlay analysis can be used in areas of presence-absence
data

Selection of and justification of weights could problematic.
Species distribution software like MaxEnt can be explored if data allows

Species level information is necessary to reach certain degree to
accuracy and validation.
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Reading materials

Arc Map guide to Overlay analysis: https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-
analyst-toolbox/how-weighted-overlay-works.htm

Suitability analayis : Helmut Flitter et al., http://www.gitta.info/Suitability/en/text/Suitability.odf

GIS-Based Multicriteria Evaluation of Land Suitability for Grasslands Conservation in
Chihuahua, Mexico: Vazguez-Quintero et al.,

A GIS-based habitat suitability model for commercial yield estimation of Tapes
philippinarum in a Mediterranean coastal lagoon (Sacca di Goro, Italy)



https://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/how-weighted-overlay-works.htm
http://www.gitta.info/Suitability/en/text/Suitability.pdf

Thank you

Protect the pulse.




