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The coastal areas of Aceh, the northern tip of Sumatra, were directly hit by a 
Tsunami in December 2014. Conversion of coastal vegetation to urban 
settlements had made many people vulnerable and mangroves or other tree 
cover were seen as important to prevent future disasters. One year after the 
event, trees were back, but natural resource extraction also recovered and 
became more extensive, with new mining, land conversion, and logging 
underway.  
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CHAPTER FOURTEEN 

How can agroforestry be part of disaster risk 
management? 
Meine van Noordwijk, Kurniatun Hairiah, Hesti L Tata, Rodel Lasco 

Highlights 

• Agroforestry and wise use of trees in rural and urban landscapes can 
reduce human vulnerability to disasters 

• Separate hypotheses relate to reduced exposure to and increasing 
resilience in the face of natural and partially anthropogenic disasters 

• Examples from Asian landscapes in the past two decades provide nuance 
to the hypotheses 

14.1 Introduction 

A common definition of a disaster is: “a sudden, calamitous event that seriously disrupts the 

functioning of a community or society and causes human, material, and economic or 

environmental losses that exceed the community’s or society’s ability to cope using its own 

resources. Though often caused by nature, disasters can have human origins.”1 Disasters can 

be of many types, based on the elements (Earth, Water, Wind, Fire and Biota) involved, the 

spatial and temporal scale affected and the degree to which they are natural or (partially) 

manmade. 

The human response can be understood on a before/during/after timescale. Awareness, 

prevention and avoidance of risky times and places is a strategic, long-term response. The 

tactics of fleeing, hiding and surviving form the immediate responses, while the resilience or 

bouncing back afterwards has both material and immaterial (motivational) dimensions. With 

current understanding of the human causation of as part of global climate change2, the 

categorization into ‘natural’ and ‘manmade’ disasters is further blurred, but such distinctions 

still play a role in policy responses and insurance coverage. The recent Lombok earthquakes 

show that the negative repercussions for international tourism of declaring the damage to be 

a ‘national disaster’ are an argument against such designation and in fact delay the recovery 

process.  
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Figure 14.1 Examples of disasters classified by ‘element’ causing it and degree of human causation 

Agroforestry as a concept has evolved from a focus on specific technologies for using trees on 

farm, towards an understanding of multifunctional landscapes with trees in multiple roles, 

and more recently efforts to harmonise agricultural and forestry policies in a holistic 

approach to land use for achieving sustainable development goals (SDGs)3,4,5. 

Our key hypotheses here are that:  

1. Agroforestry, or the wise use of trees, can play a role in reducing exposure in risk-

aware land use planning.  

2. It can also help to retain or restore buffer and filter functions in the landscape that 

reduce and localize disturbances, such as surface flows of soil particles derived from 

erosion or volcanic debris.  

3. Through its mitigating effects on global climate change, agroforestry also contributes 

to countering the current increasing trend in disaster prevalence due to climate 

change. 

A number of studies will be briefly reviewed here that have quantified the positive and 

negative aspects of trees in landscapes affected by natural disasters and/or considered to be 

at risk: 

● Tsunami (W. Aceh) 

● Volcanic ash (Kelud)  

● Shallow landslides (W. Java) 

● Kebun lindung, protective agroforests on sloping land 

● Flood risks in headwater catchments 

● Haze prevention through peatland paludiculture 
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14.2 Tsunami (W. Aceh) 

With more than 200,000 human victims, the Tsunami that hit Aceh in December 2004 was 

high on the global list of deadliest disasters since 19006. Directly after the scale of the 

devastation became clear, public discussion focused on the role of mangrove conversion in 

the degree of avoidable damage done7. Two aspects were key here: building houses in 

locations that used to be mangrove proved to be a high-risk land use choice, while remaining 

mangrove between people in the hinterland and the coast provided protection from the wave 

impact by absorbing part of the momentum. A further analysis of the damage and victims in 

W Aceh, however, showed8 that positive protection effects of trees between people’s locations 

and the coast were largely offset by negative impacts of trees beyond where they lived. Such 

trees blocked escape routes and contributed to the back-and-forth debris flows that 

characterize a tsunami and make it hard to survive, unless one escaped to higher grounds (or 

climbed a strong tree) on the first warning signs (having felt the earthquake that caused the 

tsunami). This analysis combined data for mangrove with other coastal tree vegetation, based 

on a ‘roughness’ parameter that represented the wave impact of various types of vegetation. 

In hindsight, much of the mangrove planting that was part of the early disaster response 

might have fulfilled a ritualistic function, but did not contribute much to future risk avoidance, 

as the survival rate of the trees was low (for various reasons) and people still preferred to 

rebuild houses close to the coast9 (Fig. 14.2).  

 

Figure 14.2 Murals in Meulaboh (W. Aceh, Indonesia) developed as part of the recovery process for 
survivors, showing the destruction by the waves, the efforts to escape, the international support that we 
triggered and the vision for the future (fishing plus houses between the coast and trees…) 

Rather than planting ‘any tree’, specific attention to species choice and quality of planting 

material through local ‘nurseries of excellence’10 helped in the economic recovery process in 

coastal areas11. In assistance of local governments, reinventing spatial planning through use 

of models that build in explicit risk factors12 made a contribution to a more rational weighing 

of the risks (small probabilities but huge impacts) of a next Tsunami and more immediate 

livelihood opportunities. Across coastal areas of Indonesia the technical options for early 

warning, effective communication and clarity on escape routes have been replicated. There 

has been some progress on mangrove rehabilitation along part of the coast, especially where 
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local communities were involved from the earliest stages13 but the lack of a strong land use 

planning discipline means that the risks of a next Tsunami disaster still exists in Indonesia, 

and elsewhere in SE Asia. 

 

Figure 14.3 Result of a focus group discussion with local government staff of the livelihood context of 
Tsunami recovery in West Aceh (Indonesia), leading to stronger sectorial integration and coordination 

Although its primary cause differs, storm surges after typhoon landfalls in the Philippines 

have similar effects on coastal populations. The degree of damage brought in 2013 to Leyte by 

typhoon Hainan14 sparked interest in mangrove rehabilitation as well, with similar findings as 

earlier documented in Indonesia15. Because typhoon frequencies and pathways are 

influenced by ocean temperatures, there is a clear anthropogenic risk induction dimension to 

the storm surge debate. Strengthening tree-based coastal defence is now seen as a valid 

component of climate change adaptation16.  

14.3 Volcanic ash (Kelud) 

In the ‘ring of fire’17 plate tectonics are the underlying cause of the vast majority of the world’s 

earthquakes and active volcanoes. Southeast Asia has about 750 active and potentially active 

volcanoes, with different frequencies of eruption18. Eruptions, especially before the current 

era of monitoring of volcanic activity, caused disasters for people living on the slopes and 

direct surrounding, while the ash and debris deposits affect land use over much larger 

distances, and climatic effects of stratospheric ash have affected global climates several times 

per century19, with disastrous impacts in historical records at least once per millennium. Yet, 

volcanic ash is also the basis of some of the most fertile soils (Andosols). Such andosols, 

however, develop after weathering of the ash and involve the incorporation of large amounts 

of carbon, challenging farming in the years directly after landscapes are blanketed by ash20.  
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Figure 14.4 Google Earth imagery of the E slope of Mount Kelud before, during and after the most recent 
eruption and ash deposit that was a major disruption for many villages in the Kali Konto landscape 

Only a limited number of trees can withstand the high sulphur emissions and other conditions 

on volcanoes, and play, through tolerance and rapid recovery after ash deposits, a role in the 

stabilization of fresh ash deposits, preventing mudflows and further disasters downstream in 

the following rainy seasons. On volcanoes with a high frequency of ash deposits a biologically 

remarkable genus of trees, Parasponia, is among the few that can tolerate and even thrive in 

these conditions.  It is remarkable, because it is in early stages of evolution of a symbiosis with 

Rhizobium bacteria that allows it to fix atmospheric nitrogen in an otherwise N-limited 

environment21. Ongoing research on Mount Kelud in East Java explores how P. andersonii can 

be used in coffee agroforestry systems on the volcanoes slopes and direct surrounding, 

providing a positive twist to the regularly occurring disturbance of lives and landscapes by the 

ash22. 
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Figure 14.5 Parasponia andersonii and the nodules it formed three years after this landscape position was 
blanketed by ash on Mount Kelud 

14.4 Shallow landslides (W. Java) 

Recent earthquakes in Lombok have again confirmed that man-made buildings from brick 

and concrete are far more vulnerable than trees when the earth shakes. Traditional wooden 

houses are reportedly much better adapted, absorbing the wave energy and shaking, but not 

collapsing. Trees also add coherence and anchoring to soil layers on slopes, shifting the 

threshold at which landslides occur when soil gradually accumulates over time. Because of 

this function, landslide risk increases after deforestation, peaking after a few years when the 

main woody roots have decayed. If landslide have not happened by that time, the soil 

compaction and reduction of infiltration rates is likely to protect the soil from landslides after 

that point in time. Deep landslides, beyond the reach of tree roots will still occur if soil 

accumulation has proceeded for a long time. 

Not all trees are equally effective in preventing shallow landslides, as it depends on the 

architecture of the root system. Relatively simple methods have been developed to 

characterize tree roots in their relative share of vertical (‘anchoring’) and horizontal (‘soil 

binding’) roots23. There is a tendency for smaller trees to have rela-tively larger root systems 

(based on cross-sectional area of proximal roots relative to that of the stem, Fig. 14.6B) 
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Figure 14.6 A. Tradeoff between deep anchoring and horizontal soil binding roots, and B. Reduced 
investment in roots with increasing stem diameter, in recent fieldwork in E Java24 

14.5 Kebun lindung, protective agroforests on sloping land 

In Indonesia land is classified first of all as forest versus non-forest, where the first is under 

state control (even when the legal requirements of gazettement have only been completed for 

a fraction of the total area claimed25, 26,27), and the second without substantial legal 

restrictions to ‘environmental externalities’ of private land use decisions. Both of these issues 

limit the options to reconcile ‘development’ and ‘sustainability’ in land use patterns. Based 

largely on criteria of slope, part of the forest domain is classified as ‘protective forest’ (hutan 

lindung; the common English translation as ‘protection forest’ is less accurate; the term used in 

a colonial past referred to ‘shielding’ forest), implying that it is out of bounds for logging. It also 

means, however, that forest management authorities have few means to implement the 

mandated control of external pressures. A small fraction of the national ‘protective forest’ now 

has community management agreements, with limited use rights linked to effective 

protection, mostly for securing local ‘environmental services’ as incentive. Negotiations 

between local communities and forest authorities have been complex and slow, because 

existing regulations prescribe ‘solutions’, rather than clarify objectively verifiable 

functions28,29,30,31. 

Part of the community- or privately owned non-forest land still has substantial tree cover, and 

on slopes acts as ‘protective garden’ (kebun lindung). Interests of downstream stakeholders in 

maintaining (or enhancing) the existing ‘protective’ functions may deserve voluntary Payments 

for Environmental Services, but despite promising pilot schemes, there still are substantial 

bottlenecks in mainstreaming such32,33,34,35.  

Effectiveness of the two types of ‘kebun lindung’ (the community-managed parts of ‘forest’ 

plus the privately controlled non-forest, tree-based systems) has been shown in studies of 

landscape-scale sediment transport36. A diverse tree cover contributes to landslide 

prevention, while a continuous litter layer protects soil from erosion and feeds the soil biota 

(incl. earthworms) that help to main high infiltration rates37, thus reducing flooding risks.  
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14.7 Flood risks in headwater catchments 

Floods are high on the list of economic damage and public health risks, even if the number of 

human victims is modest (different from the mudflows that were considered under 

‘landslides’). In fact, temporarily high water levels are a regular feature of downstream river 

systems, geomorphologically classified as ‘floodplains’. As long as these are maintained as 

wetlands, they protect areas further downstream from flooding. If they are converted to 

urban areas, protected by dykes, this implies flooding risks both for the areas themselves 

(unless the dykes are high and strong), and their downstream neighbours. The greatest 

economic damage by flooding tends to occur in such converted floodplains – and in the public 

discussion of the causation of such floods ‘deforestation’ has been a popular ‘scapegoat’. 

Evidence in small-scale paired catchments has generally pointed at an increase of both total 

annual and peak flows when forests were logged or converted to other land uses. This is due 

to both a lower water use by evapotranspiration (leading to less replenishment potential of 

soils before they are saturated), a sealing of the soil surface and a decline in soil 

macroporosity, jointly determining the actual infiltration rate, depending on rainfall intensity. 

As there has been less convincing evidence of effects of land cover change on flood 

frequency38, there has been a considerable gap between public perceptions (readily 

attributing disastrous floods to ‘deforestation’) and hydrological evidence. With a more 

sophisticated metric, however. The change in ‘flashiness’ of river flow records (Fig. 6) can now 

be characterized and linked directly to the part of peak rainfall events that is transferred 

immediately to rivers39. With the ‘flow persistence’ metric changes in land cover in the mosaic 

of catchments can be quantified, in interaction with climate variability and possibly climate 

change, showing that the buffering and temporary water storage capacity of wetlands is key 

to flood prevention. Beyond integrity of headwater catchments, wetlands (with or without 

trees) are key. 

 
Figure 14.6 Changes in daily river-flow records when the ‘flow persistence’ metric (Fp) decreases from the 
value above 0.8 typically found in forested catchments, to values around 0.6 found in open agricultural 
landscapes and the lower values of urbanized, sealed subcatchments26 
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14.8 Haze prevention through peatland paludiculture 

Estimates of the total economic damage by the 2016 haze episode vary40, but the major 

disturbance to public health and disruption of economic activities and transport within 

Indonesia, plus the damage to neighbourly relations with countries affected by the haze, has 

been sufficient to set up a national coordinating ‘peat restoration’ body to make sure that 

such disasters won’t happen again. The political momentum this achieved was hard to 

imagine before the 2016 event41,42, and showed that disasters have to get over a threshold 

before they spark corrective action. 

As landscape-level drainage for agricultural development plus canals to facilit6ate log 

transport were a major contributor to the peat fires, much of the attention since has been 

given to forms of ‘canal blocking’. To be acceptable to local communities, however, the 

shortage of ‘kebun lindung’ options for wet environments has been a bottleneck. Only a few 

trees with internationally traded products are known to thrive in undrained peat, and their 

markets are relatively shallow43. 

 

Figure 14.7 Aspects of the ongoing search for paludiculture forms of ‘kebun lindung’ on undrained peat 

Cultivation on peatlands is constrained by saturated low pH of soils, while many tree species 

with high economic value needs suitable condition for living. Therefore, water on peat swamp 

ecosystem is drained through a canal, which reduce water table on peatland. Drained 

peatland causes many consequences, such as fosters decomposition rate, subsidizes the 

peatland44 increases emission of greenhouse gasses45 fire susceptibility in drought season46,47 

and floods in the rainy season48. Owing to human intervention and mismanagement, 

peatlands condition in Indonesia has degraded fast. 

In the national peatland restoration programme, three approaches were employed, namely 

rewetting, revegetation and revitalization of local livelihoods49. A zonation, which is based on 

the depth of peatlands, is established in a peatland hydrological unit (PHU).  A PHU is divided 

into two zones of function, those are protection and cultivation functions108. The regulation on 
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peatland restoration targeted the maximum ground water level in the cultivation function of 

peat hydrological unit (PHU) is 40 cm below the surface. While in the protection function of 

PHU, the water table is suggested to be near the surface.  

Paludiculture or cultivation on rewetted peatland with native tree species offers a solution to 

reduce emission, improving land cover and offering livelihood options. Cultivation on 

peatlands with a minimum or none drainage may tackle two disasters, namely fire risk in 

drought season and flood in rainy season. On a drained peatland in the protection function, 

canal has to be permanently blocked by canal backfilling. While in the production function, 

canal can be blocked with spillway. With the increased of water level in the rewetted peatland, 

only selected species can be planted. Several plant species have been recommended to be 

planted as paludiculture practice in Indonesia50,51. Recommendation of tree species selection 

is based on two potential risks (e.g. fire and flood risks), their economic values, and availability 

of potential market110. 

14.8 Mitigating global climate change as source of risks 

The third hypothesis (“Through its mitigating effects on global climate change, agroforestry 

also contributes to countering the current increasing trend in disaster prevalence due to 

climate change.”) has been reviewed both for its soil52,53 and aboveground components54,55. 

Recent analysis of the way forests and treebased systems interact with global climate has 

pointed at effects linked to the hydrological cycle that may be (even) more important for 

actual climate change, and that may provide a much more direct relation between local and 

global benefits of enhancing functional tree cover56. 

In the last few decades, economic losses from weather- and climate-related disasters have 

increased57. While these losses cannot be definitively attributed to climate change, the 

possibility that they are related cannot be ruled out. In the 21st century, it is expected that 

climate change-related risks from some extreme events, such as heat waves, will increase with 

higher temperatures2. It is likely that average tropical cyclone maximum wind speed will 

increase, although the global frequency of tropical cyclones will either decrease or remain 

essentially unchanged49.  Agroforestry systems offer compelling synergies between 

adaptation and mitigation58. Multiple evidence from a number of countries show that 

agroforestry systems improve resilience of smallholder farmers through more efficient water 

utilization; improved microclimate; enhanced soil productivity and nutrient cycling; control of 

pests and diseases; improved farm productivity; and diversified and increased farm income 

while at the same time sequestering carbon59.   

14.9 Discussion 

Based on the six examples we can now review the three hypotheses. In all six cases we found 

specific evidence for hypothesis 1 (“Agroforestry, or the wise use of trees, can play a role in 

reducing exposure in risk-aware land use planning”), with variations in the degree of 

prominence of avoidance of human settlement in high-risk locations (e.g. the likely pathway of 

mudflows, floodplains or low-lying coastal areas) can be supported by the allocation of such 

lands to economically interesting tree-based land uses.  
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For a number of the potential ‘disasters’, we also found evidence for hypothesis 2 (“It can also 

help to retain or restore buffer and filter functions in the landscape that reduce and localize 

disturbances, such as surface flows of soil particles derived from erosion or volcanic debris.”). 

Beyond that, there are circumstances in which trees help in rescue and recovery stages by 

providing escape options (trees to climb into), trees that provide emergency food60 when 

areas are cut off from the outside world by disasters, or lianas that are sources of safe 

drinking water in similar settings. There are, however, various tradeoffs between the 

functional traits if trees that are involved in the various functions (Fig. 8). These tradeoffs may 

be the strongest argument so far, to maintain tree diversity as a higher-order buffering 

mechanism, as we often deal with multiple potential disaster categories. 

 

Figure 14.8 Summary of some of the disaster-relevant functional traits of trees involved, at the nested 
system scales of trees (1), trees + soil (2), trees + soil + climate (3), that interact with the social-ecological 
landscape scale (4) in shaping disaster avoidance and management 

Maintaining tree diversity throughout agricultural and urban landscapes generally has positive 

effects on disaster risk reduction61, but trees or their branches falling on people or buildings 

are a risk that requires specific attention through choice of species, regular inspection and 

targeted management actions. Major improvements towards ‘sustainable development’, 

whether at local, national or global scales, have been triggered by disasters. Without a direct 

demonstration of the damage and human suffering, it is difficult for public policy making to 

take warning signs seriously. A variant to Winston Churchill’s "Never let a good crisis go 

to waste” can thus be “Never waste a disaster”. In the aftermath of a disaster questions of 

causality and avoidability come up, and (over)simplified perceptions can shape responses 

beyond the immediate rescue and recovery phases. Research results need to be ready for 

such ‘windows of opportunity’, as there is no time to fully explore evidence in the short 

timespan before a next issue or crisis takes priority in public discourse. Maintaining diverse 

tree cover in agricultural and urban landscapes is usually a ‘no regrets’ solution, with details 

on the most desirables set of tree traits depending on context.  
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