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Expanding irrigation could exacerbate malaria transmission in 
Africa
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Malaria models typically oversimplify hydrology 
when simulating larval habitat dynamics
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• Habitat area simulated conceptually 
and highly dependent on parameter 
calibration
  

𝐻𝐻𝑡𝑡 = 𝐻𝐻𝑡𝑡−1 + 𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑡𝑡𝝀𝝀𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 − 𝐻𝐻𝑡𝑡−1𝜏𝜏∆𝑡𝑡  (1)
 

𝐻𝐻𝑡𝑡 = 𝝀𝝀𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐                     (2)

𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑡𝑡: Rainfall ;

𝝉𝝉:  𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑 
𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 :  Node Area;

𝝀𝝀:  𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 𝐟𝐟𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚 𝐟𝐟𝐟𝐟𝐟𝐟 𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡 𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚;
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• Habitat area simulated explicitly 
based on physics
  

𝐻𝐻𝑡𝑡  = 𝐹𝐹𝑡𝑡𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2

𝐹𝐹𝑡𝑡:  Fractional area of habitat simulated by ParFlow − CLM
              within node ;

𝐷𝐷𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 : Node area;

Eckhoff, 2011Integrated EMOD

Default EMOD

(1): Equation of temporary or semi-permanent habitat in Default EMOD
(2): Equation of permanent habitat in Default EMOD 



ParFlow-CLM was integrated with EMOD to improve habitat 
representation
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Study area: sugarcane plantation in Arjo-Didessa, Ethiopia
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● Simulation period: 2000-2020

● Scenarios modeled: 
□ Non-Irrigation

• Default EMOD
• Integrated EMOD

□ Irrigation (starting from 2012)

● Rotating irrigation applied during dry 
months

 Domain: 208 km2; Depth:100 m
 Resolution: dx = dy = 50 m; varying dz
 10 Subsurface layers

Climatology in Arjo, Ethiopia

Rainy SeasonDry Season Dry Season



Default EMOD unable to fully represent habitat area variability

● Default EMOD had higher lows
□ Constant permanent habitat area
□ Infiltration mechanism missing for 

temporary and semi-permanent 
habitats

Assumption: Mean habitat area of Default EMOD and Integrated EMOD were adjusted to be same
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● Integrated EMOD habitat area 
variability was twice of Default EMOD



Higher variability of habitat area results in lower transmission 
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● Annual average habitat capacity and 
vector abundance were nearly 
identical

● But average vector infection rate 
was 2.9 times higher and average 
prevalence rate was 2.5 time higher 
in Default EMOD due to lower 
habitat area variability 



Model captures response of surface soil saturation to rainfall 
and irrigation
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Irrigation sustained transmission all year round and shifted peak 
forward by one month

Irrigation enabled 
development of vectors in 
dry seasons

Irrigation stabilized vector 
growth in rainy seasons

Irrigation sustained year-
round malaria transmission 
& intensified peak 
transmission

Irrigation shifted 
transmission peak forward 
by ~1 month
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Conclusion

● We integrated hydrologic modeling to EMOD to spatially simulate 
malaria transmission by resolving habitat heterogeneity

● The coupling framework enhanced larval habitat area variability 
which resulted in a lower malaria transmission prediction

● Irrigation sustained malaria transmission year-round, intensifying 
and shifting the transmission peak forward by one month from the 
original period
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Stay tuned and thank you for your attention!

Contact: jiangal@uci.edu
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