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Agriculture

To be “resilient”, infrastructure design
needs to account for landscape change.
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Landscape changes include changes to ground and
water, in the short and long term.

e odhk e

Changes to ground, including Changes to water, including

rocks and soil quantity and location
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Causes of landscape change

Routine Processes and
Hazards
Floods
Landslides
Debris floods and flows

Contributing factors
Glacial melt
High intensity rainfall
Permafrost degradation

L _J
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Landscape change
More sediment or debris
Less sediment or debris

More water
Less water




Outfall channels are
subject to debris
floods and debris flows

Proposed urban
j development
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Landscape change in the Himalayas is rapid.

Infrastructure design needs to account for sediment and water change.

December 2014 December 2017 November 2025
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Satellite imagery from an ADB project area in Phuentsholing, Bhutan
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To be “resilient”, infrastructure design

needs {0 accevni-forlandscape-change-

be nature-based.

Nature-based solutions involve:

» Working with natural processes

 Allowing natural processes to continue

« Using natural processes to benefit
infrastructure performance (if possible)
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3 Actions for Resilient Infrastructure
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Achons for Resment Infrastructure

*****

Deflne reallstlc performance objectlves e

Bqu prOJect teams that understand Iandscape change N
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Gandaki province, Nepal, May 2025




Resilient Infrastructure Action #1:
Define realistic performance objectives
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Use the principles of resilient infrastructure design to
set performance objectives.

Create resilient infrastructure with...

Robustness — Redundancy

}} Rapid Recovery 6 Resourcefulness
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Hypothetical Beni bridge performance objectives

1. The bridge is fully functional up to the 50-year monsoon flood. Robustness

2. The bridge may be damaged by a glacial lake outburst flood,
but another nearby bridge has a higher capacity and would
provide an alternate route.

3. If required, monsoon flood repairs should take less than one
month. Necessary materials will be stockpiled locally.

6 Resourcefulness

Redundancy

* 15
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vild project teams that
understand landscape ch
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Gandaki province, Nepal, May 202




The design team should be able to describe the
range of possible landscape change outcomes:

; The 50-year monsoon flood is estimated at 500 m3/s.
@ The riverbed level may fluctuate here by up to 15 m.

A\ A dlacial lake outburst flood could be up to 2000 m3/s here.

* 17
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Resilient Infrastructure Action #3
Use design scenarios fo accoun
for change and uncertainty.

"k -«

k. Gandaki province, NeaI, May 202




The design team should be able to describe the
range of possible landscape change outcomes:

; The 50-year monsoon flood is estimated at 500 m3/s.
@ The riverbed level may fluctuate here by up to 15 m.

A\ A dlacial lake outburst flood could be up to 2000 m3/s here.
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Possible bridge design scenarios:
1. Current conditions

2. 50-year monsoon flood

3. 15 m of river bed erosion
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Possible bridge eéh_ scenarios:

g 1. Current conditions
g 2. 50-year monsoon flood
B 3. 15 m of river bed erosion

4. Outburst flood




Resilient infrastructure comes from puiting the three
actions together.

Understanding
landscape
change

Design
scenarios Test the

performance of the Resilient
design in changing infrastructure
conditions

Realistic performance
objectives

c 24
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Design scenarios for a debris
flow barrier in Canada:
e 1475 earthquake
* 1:2475 earthquake
Small debris flow

Large debris flow



Achons for Resment Infrastructure

*****

Deflne reallstlc performance objectlves e
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« Case Study: Melamchi Water Supply, Nepal
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Use the principles of resilient infrastructure design to
set performance objectives.

Create resilient infrastructure with...

Robustness — Redundancy

}} Rapid Recovery 6 Resourcefulness
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Performance objective #1.:

Water enters inta

S ]
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ke during low-flow periods.
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Performance objective #2:
Intake operates during monsoon
floods.
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Performance objective #3:
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Intake operates despite large changes in bed level
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Performance objective #4:
Allow for continuous maintenance.
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Layout desigh components to meet performance
objectives.

1570
INTAKE
STRUCTURE
21 EVENT RIVER BED LEVEL STRUCTRE
11560
RCC BUTTRESS /
1H:AV
_ RARE DEBRIS
FLOOD.
L1550
1540
- 1530
10 20 30 40 50020 Access & Conveyance [ [ Sluice outlet
- g Tunnel
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The key landscape change was the change in the riverbed
elevation at the Headworks.

C







We found a new location
that avoids large dip-slope
landslides

52
BARHKH Knowledge Share: 2026 Resilience Learning Month







Desigh components allowing for landscape
changes.
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Define design scenarios

[A] Common Low Flow [B] Common Flood

3 m¥/s 300 m3/s
\ <1m deep 4 m deep
[C] Debris Flood [D] Rare Debris Flood
3,000 m3/s 5,000 m3/s
10 m deep 13 m deep

Resilience Learning Month
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Define design scenarios

-

\

[A] Low Flow
3m3/s
<1m deep

~N

/

[C] Debris Flood
3,000 m3/s
10 m deep

Resilience Learning Month

[B] Common Flood
300 m3/s
4 m deep

[D] Rare Debris FIood\
5,000 m3/s
13 m deep




Optimize desigh components for scenarios

1570
INTAKE
STRUCTURE
21 EVENT RIVER BED LEVEL SEE DWG 0321
+1560
RCC BUTTRESS /
1H:1V
~__ RARE DEBRIS
FLOOD._ .
L1550
1540
Sediment
1530
Access & Conveyance
10 20 30 40 501520 Y ;

Tunnel
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Optimize desigh components for scenarios
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Define realistic performance objective for each component

Design scenario River Training Intake Tower

Low flow

@

\

Rare debris flood
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Define realistic performance objective for each component

Design scenario River Training Intake Tower

Low flow
I AN * Directs water into intake
« Critical during low flow
| - » Routine maintenance

Rare debris flood

. — i
| '.\ b
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R
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-

© 61
- BARHKH Knowledge Share: 2026 Resilience Learning Month

‘B‘G‘G‘



Define realistic performance objective for each component

Design scenario River Training Intake Tower

Low flow
I AN  Directs water into intake
L\ e Critical during low flow
| - - Routine maintenance
Rare debris flood
PN  Buried or eroded
\’\  Full loss allowed
e\ ) * Replace after event

Rapid Recovery

* 62
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Define realistic performance objective for each component

Design scenario River Training Intake Tower

Low flow
A\ « Directs water into intake .
N .. .  Receives water
 Critical during low flow . .
. .  Routine maintenance
v * Routine maintenance
Rare debris flood
S  Buried or eroded
| * Full loss allowed
e\ * Replace after event

Rapid Recovery

* 63
- BARHKH Knowledge Share: 2026 Resilience Learning Month

‘B‘G‘G‘



Define realistic performance objective for each component

Design scenario River Training Intake Tower

Low flow
N « Directs water into intake .
v N e .  Receives water
 Critical during low flow . .
. .  Routine maintenance
2 W ) * Routine maintenance
Rare debris flood
S  Buried or eroded * Taller than deposited sediment
\\ * Full loss allowed - Damage allowed, no collapse
e\ ) * Replace after event * Repair after damage

Rapid Recovery Robust
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 Path Forward
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The mission of BARHKH is to reduce risks related

to climate change-driven mountain hazards in
the Hindu Kush Himalaya Region.
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Achons for Resilient Infrastructure
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1. Define realistic performance objectlves
» Accept that hazards will occur
* Resilient objectives — robust, redundant, rapid recovery, resourceful

2. Build prOJect teams that understand Iandscape change =
Geo —geomorphologlst geologlcal englneer :
3. Use deS|gn scenarios to account for change and uncertalnty

« Design for change
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