
• S2 achieved the largest 
reductions in flood-
exposed urban areas (≈34–
38%).

• S2 maintained or improved 
spatial connectivity across 
climate scenarios.

• S2 provided the most 
balanced outcome 
between flood-risk 
reduction and habitat 
conservation.
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Key Takeaway

T h a i l a n d

The Chao Phraya River Basin (CPRB)
• Thailand’s largest and most economically significant river basin
• Spans ⁓30% of the national territory

Chao Phraya River Delta (CPD)
Flood zoning based on a late-1940s map
(Ministry of Agriculture and Cooperatives (TH), 1950)
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?How can land-use policies 
reduce flood risk while 

maintaining flood-
dependent ecological 

connectivity?

Land-use policies are rarely evaluated from both socio-
hydrological and ecological perspectives.

Research Gap:

“

”

Socio-Hydrology
Perspective

Ecological
Perspective

Maintain flood-dependent habitat 
connectivity3,4

Reduce flood extent, exposure, 
and hazard1,2

This study bridges the gap by jointly evaluating flood 
resilience and flood-dependent habitat connectivity.

Objectives
• Quantify future flood hazards under alternative land-use and climate scenarios.
• Evaluate trade-offs between flood risk reduction and flood-dependent habitat 

connectivity across policy scenarios.
• Provide insights into how land-use planning and nature-based solutions can 

enhance flood resilience and ecological functioning in tropical deltas.

Current gap

3.1 Future Land-use Simulation (Land Change Modeler, TerrSet) 3.2 Future Flood Simulation (Rainfall–Runoff–Inundation Model) 3.3 Floodplain Habitat Connectivity Analysis
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Network construction
Nodes:
Flooded paddy fields
• Land-use: paddy field
• Flood depths ≥ 0.2 m7,8

• Flood durations ≥ 30 days7,8

Links:
Watercourses
e.g., agricultural ditches, streams, rivers
Hydrologic connectivity – fish8

Euclidean distance
Spatial connectivity - aquatic 
insects and amphibians8

Connectivity Metric:
Integral index of connectivity (IIC)
Ranges 0 to 1, with 1 indicating a 
fully connected landscape

3.4 Comparison & Evaluation
Evaluate trade-offs between flood risk reduction and 
flood-dependent habitat connectivity.
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4.1 Land change model results

Paddy-field conservation and restoration can serve as nature-
based solutions that reduce urban flood exposure while 
maintaining flood-dependent habitat connectivity under 
future climate conditions in the CPRB.
These co-benefits highlight the importance of paddy 
landscapes for building resilient and ecologically connected 
monsoon-dominated deltas.

4.2 Reduction in Flood-Exposed Urban Areas

• Despite variation among climate scenarios, all 
policy scenarios (S1–S3) consistently reduced 
basin-wide flood exposure relative to BAU.

• S2 achieved the largest reductions in flood-
exposed urban areas by 34%-38% (600-900 km2)
relative to BAU.

4.3 Effects of Land-use Scenarios on Flood Depth & Duration

• S2 exhibits the largest expansion of paddy fields, increasing their 
share to 29% of the basin

• Forest and water cover remain relatively stable across all scenarios.

• Land-use policies reduced median flood duration by 1–3 days, 
while effects on flood depth remained small (<0.05 m).

• Differences among policy scenarios were generally small in 
magnitude (typically <1–2 days and <0.02 m) despite statistical 
significance.

4.4 Flood-dependent habitat connectivity analysis
• Land-use strategies aimed at 

reducing flood exposure do not
necessarily compromise floodplain 
habitat connectivity

• Land-use strategies that maintain 
continuous flood-supported 
habitats (e.g., S2) may better 
support floodplain ecological 
processes in modified deltas

Strategic paddy-field conservation and expansion can simultaneously 
reduce flood risk and maintain floodplain habitat connectivity.

Paddy-field promotion 
intervention

Reduce urban flood 
exposure

Maintain flood-dependent 
habitat connectivity

Socio-hydrological
perspective

Ecological
perspective
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• Spatial connectivity was 
consistently maintained 
or improved under S2 
across both SSPs.

• Hydrologic connectivity 
showed smaller 
responses to land-use 
policy and was more 
sensitive to climate 
conditions.
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*Error bars indicate the range across rainfall percentiles (25P–100P).

*Error bars indicate the range across rainfall 
percentiles (25P–100P) and SSP.

Flood Resilience Nature-based 
Solutions

Biodiversity 
Conservation

Restricting urban expansion 
in flood-prone areas reduced 
flood-exposed urban areas by 
23–38% and shortened flood 
duration by approximately 1–
3 days.

Paddy-field promotion (S2) 
achieved the largest reductions in 
flood-exposed urban areas while 
maintaining habitat connectivity, 
highlighting the role of paddy fields 
as multifunctional nature-based 
infrastructure.

Maintaining floodplain 
connectivity may support 
movement of flood-
dependent species and help 
sustain ecological processes 
under changing climate 
conditions.
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