Digital Design for CLIMATE
RESILIENCE in Transport
Projects

Khurram Ghafoor

Senior Project Officer
(Infrastructure)

The views expressed in this presentation are the views of the author/s and do not necessarily reflect the views or policies of the Asian Development Bank,
or its Board of Governors, or the governments they represent. ADB does not guarantee the accuracy of the data included in this presentation and accepts

no responsibility for any consequence of their use. The countries listed in this presentation do not imply any view on ADB's part as to sovereignty or
independent status or necessarily conform to ADB's terminology.




DIGITAL DESIGN
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SEQUENCE

* Sequence
* What is BIM
e Case studies from ADB financed Pakistan Transport Sector projects
* Immediately after flood (Madyan — Bahrain)
 Post-flood (Shikarpur — Rajanpur)



What is B-I-M?
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Detailed Design

Analysis

Documentation
Conceptual

Design
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An integrated digital process providing coordinated, reliable

information about a project throughout all phases, from
design through construction and into operation



DIMENSIONS OF BIM




MADYAN - KALAM
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3,565 sq.km area studied
The road has major crossing at Bahrain and minor crossing all along the alignment
Madyan has elevation of 1356-meter and Kalam has 1983-meter
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SRTM 30 METERS DEM (V3)

5 M DEM STRIP
SATELLITE IMAGERY
TOPOGRAPHIC SURVEY

UAV SURVEY



METHODOLOGY

SOIL & LAND-USE
classification

Iterations
between
Hydrological
and Hydraulic
models along
with field
verification to
calibrate losses,
storage &
outflow

HYDRAULIC
ANALYSIS

For Engineering Use

STREAM LAYOUT DEM

Centerlines, Banks, RECTIFICATION
Flow Paths

AND AGREE

TIN &

X-sections

WATERSHED DELINEATION
Watershed and stream network
characterization, Slope analysis,
ridge, valley, stream and flow
direction development

FINALIZED
GEOMETRY

TOOLS
ArcGIS
ArcHydro & TOPAZ
HEC -GEO -HMS & WMS
HEC -HMS & WINTR -55
Statistical Analysis Routines
HEC -DSSVue

HYDRAULIC

STRUCTURE DATA
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FLOOD MODELING
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FLOOD MODELING
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RESULTS

SECTION
88+621 ~ 89+221
89+221 ~ 90+221
90+221 ~ 90+721
90+721 ~ 91+021
96+921 ~ 99+371
99+521 ~ 99+921
103+721 ~ 104+521
105+771 ~ 106+471
108+871 ~ 109+071
109+221 ~ 109+421
109+521 ~ 110+171
1104241 ~ 110+377

REMARKS
Major Flooding
Embankment Protection
Major Flooding
Embankment Protection
Major Flooding
Minor Flooding
Major Flooding
Minor Flooding
Land Slide
Major Nullah Flooding
Major Flooding

Embankment Protection

SECTION
1104521 ~ 110+571
110+621 ~ 111+621
1124071 ~ 112+371
112+621 ~ 116+821
1174771~ 118+021
118+321 ~ 119+821
123+121 ~ 123+721
124+021 ~ 125+521
1274671~ 127+871
130+621 ~ 130+921
132+471 ~ 132+553

REMARKS
Embankment Protection
Major Flooding
Major Flooding
Major Flooding
Major Flooding
Minor Flooding

Land Slide + Minor Flooding

Land Slide + Major Flooding

Minor Flooding
Major Flooding
Minor Flooding

Boulders and debris came along the flood has changed the morphology of the river.
Road profile be raised from 2m to 9m
The bridges profile to be raised

Buildings have encroached riverbanks and negatively impacting the river flow



SHIKARPUR — RAJANPUR
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Climate Change
Allowance
Factors/Measures

Climate Change Selection of Pertinent Climate Risk Management

Assessment SSPs Framework

Rainfall Intensity

) Duration Analysis
Hydrological
Assessment
DEM based

Catchment Analysis

Runoff Model
Development &
Simulation Analysis

Peak Runoff Values
/ Unit Hydrograph
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Riverine Survey / HFLs, Scour Depth &
: Existing Dimensions Hydraulic Models Free Board
Hydraulic
Development &
Assessment : . :
Simulation Analysis ] ]
Design Storm /Runoff Required Hydraulic
& Sizing/Dimensions




Climate Change Scenarios and Approaches

* Two scenarios i.e., Shared Socioeconomic Pathways (SSP)
e SSP2-4.5
e SSP5-8.5
* Climate risk assessment (Two Approaches)
* Direct Approach
* Indirect Approach



Direct
Approach

One Day maximum Rainfall Averages for 2020 to 2039 (short term)
CMIP6 Scenarios Rx1dy (mean) Rx1dy (% Increase)
SSP2-4.5 25.16 mm 22.0%
SSP5-8.5 26.47 mm 23.1%

One Day maximum Rainfall (mm) Averages for 2040 to 2059 (medium term)

CMIP6 Scenarios Rx1dy (mean) Rx1dy (% Increase)

SSP2-4.5 25.82 mm 22.6 %

SSP5-8.5 27.3 mm 23.9%




Use of high confidence level
parameter such as mean
temperature  increase to
predict future changes based
on its past relationship with
100 vyears return period
rainfall

The historic and projected mean temperature values of project area



In-Direct
Approach

Baseline Storm value

In 2005, major storm event of
99mm occurs and raises the 100-
year return period value by 12 %

approximately
No significant event happened in
this region during this duration
No major event happened in this
region during this duration

In 2022, major storm event of

110mm occurs and raises the 100-
year return period value by 20 %
approximately



In-Direct
Approach

Note For Reference; According to World Bank, Pakistan overall mean temperature increase for next 4 decades is 2 Celsius as
per SSP5-8.5



Procurement
of Rainfall Data
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Tranche 2 Road Alignment

Catchments of Tranche 2 Alignment

© OpeﬁStreetMap (and) contributors, CC-BY-SA, Source: Esri, Maxar, Earthstar Geographics, and the GIS User Community.




Processing DEM Data
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5 meter high resolution DEM for 8,064 sq. km with high precision DEM for ROW and catchment areas



Summary of Results

Lot 1 Lot 2 Lot 3 Lot 4
Upsize of bridge 2 out of 6 -
Upsize of culverts 31 outof 64 14 outof40 53 outofl124 37 outof 138

Additional Culverts 21 37 20 18
Profile raise - - 1.6m for 10.5km -




Summary of Results
for Lot 3

» Profile Raise: Revision/raising of profile

(1.6m maximum) for 10.5 km out of 48.9km

(from RD 196+800 to RD 208+500)

Elevation (m)
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