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ECONOMIC DAMAGE (IN US$ BILLIONS) CAUSED BY HURRICANES/TROPICAL STORMS 
IN THE ATLANTIC REGION OF BELIZE, GUATEMALA AND HONDURAS

Data extracted from post damage estimates

$0,1 $1,2 
$5,0 

$13,9 

$22,1 

$153,1 

1960 1970 1980 1990 2000 2010

Da
m

ag
es

 B
n 

$U
SD



MOUNTAINOUS REGIONS OF CENTRAL AMERICA ARE 
SUSCEPTIBLE TO LANDSLIDES, WHICH CAN DAMAGE KEY 
INFRASTRUCTURE DURING INTENSE RAINFALL

Source: Emberson et al. 2020, Stanley and Kirschbaum 2017, NASA

1. Landslide susceptibility is determined by terrain slope, lithology, forest cover change, distance to fault zones, and distance to road networks and trained against historical instances of landslides globally to estimate a static 
susceptibility. NASA used a machine learning algorithm to combine these five input layers. Moderate landslide susceptibility is binned to occur in about twice as many grid cells as severe susceptibility globally, and could 
manifest as any combination of input layers leading toward a weaker landslide potential (e.g., flatter slope, further from fault lines).

� Many areas of Central America are susceptible to landslides, due to a 
combination of steepness, deforestation, and fragile geology

� Vulnerable areas near the 20x20 study regions include:
— The Maya Mountains in Belize, including the upper Monkey River 

watershed
— The Sierra del Santa Cruz and Sierra del Mico in eastern Guatemala, 

which border the Rio Dulce Basin
— The Sierra del Merendón of Honduras, including the Cuyamel and 

Chamelecon Media sub-basins
� Although these regions are sparsely inhabited, landslides may still have 

significant impact:
— Landslides may have devastating effects on small mountain towns, 

such as Queja, Guatemala, where hurricane Eta caused landslides 
that killed 50 people and destroyed 150 houses in 2015

— In addition, landslides can damage roads, which can disrupt travel 
and delay rescue efforts during storms

— Failing debris dams generated by landslides can cause floods that 
would naturally occur once in every 10,000 years
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FLOOD RISK IS HISTORICALLY GREATEST IN THE ULÚA
RIVER BASIN, WITH NEARLY 220,000 PEOPLE EXPOSED TO 
ITS IMPACTS

Source: World Resources Institute, NASA Socioeconomic Data and Applications Center (SEDAC), National Center for 
Atmospheric Research (population projections)

1. The historical period is centered around 2010, as provided by the WRI dataset. Flooding exposure is counted if the 1 km grid cell has at least a 1% annual probability of a flood of 1 cm depth or greater

However, a notable exception is 
Chamelecon Baja, with a projected 54% 
increase in people exposed between 
baseline and 2050, exceeding the expected 
population growth of 36%

Historical flooding in targeted restoration 
sites in Honduras impacts 222,000 people, 
compared to 14,000 in Guatemala, and 120 
in Belize 

Population is projected to increase in these 
areas, which is likely to lead to an increased 
number of people exposed to flooding
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Historical exposure to coastal and riverine flooding1
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EXAMPLE OF NET EFFECT OF CANOPY COVER ON 
PERCOLATION RATES IN SOIL (HYDRAULIC CONDUCTIVITY)

Source: Berry et al, 2020



COST EFFECTIVENESS OF NATURE BASED SOLUTIONS VS HARD 
ENGINEERING OPTIONS

Impact addressed Cost of Hard Infrastructure Cost of Restoration Alternative Reference

Sea level rise $48 Million/mile for Dikes $25 Million/mile for wetland
restoration

Reguero, et. al., 2018

Landslides
Mudslides

$0.6 Million/ha for hardened embankments $1000-5000/ ha for reforestation Geographycat, 2018 for hardened embankments; Vergara, et. al,
2015 for reforestation

Salt intrusion Use of dikes ($48 Million/mile) $1000/ha for mangrove restoration Narayan, et. al., 2016

Flooding Use of dikes ($48 Million/mile) $1000-5000/ha for reforestation

Landslides Rebuild terrace system [0.6 to 1 MEuro/ha] Reforesting abandoned terraces
6000 Euro/ha

Galve, et al. 2016

Flood
Management

Manmade infrastructure (€112,000 per 100
meters)

Wetland restoration (€62,000 per
hectare)

Salminen, et al. 2013

River overflow Rock armor
$100,000 per ha

Restoration of riparian canopy (up to
$2000/ha)

GeoCal, 2010

Coastal
Protection

Double and single concrete pile breakwater,
respectively
[1,000 US/m to 3,500 US/m each 25 years]

Melaleuca fence
[50 US/m to 80 US/m each 5 years]

Bakker, 2017



Using nature-based options reduces costs of implementation compared with traditional 
engineering options

It also reduces losses by addressing the impacts from the consequences of climate impacts

Linking restoration to landscape management it promotes financial viability

High potential for replication

de James Anderson, WRI



Zamora-Cristales et al. 2021. Healing the Wounded Land: The Role of Public Economic Incentives 
in Scaling Up Restoration Efforts in Six Countries in Latin America

Prioritize areas under intervention an impacts 
Identify priorities and design strategies to reach those potential landowners 

Improve monitoring and transparency 
Establishing a baseline Tracking progress and impacts of public incentives programs is essential for adaptive management

Promote value creation for long term sustainability
Public incentives must be conceived as an investment to create value, not a cost.  Public incentives can help to reduce the 
upfront cost of impact investments in restoration thus reducing the risk in investments

Revise mechanisms and payments to Landowners 
Programs need to allocate budget and provide payments that are capable to compensate upfront cost of reforestation 
and agroforestry and the ecosystem service value in conservation

Promote diversification of tree-based restoration activities using natives  
Most public incentives programs supporting restoration were designed to encourage tree planting only with little attention to
multispecies reforestation and species selection. Including more natives and silvicultural methods is important to increase 
diversity in restoration practices

Attach programs to laws and robust institutions 
Attaching incentives to laws can ensure long-term application, but in order to make environmental and agricultural laws, 
operationally strong institutions   in terms of effectively managing and implementing the resources form the incentives, are 
needed need to lead the implementation of the programs.

Political coherence in Land use sector 
Policy alignment to avoid perverse incentives and conflicting incentives and maximize the positive trade-off of different land 
uses and conservation


