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Abstract
This paper explores whether past exposure to debris flow disasters with a human dimension (e.g. deforestation) results in adaptive hazard management and improved environmental and resource management practices in the affected area.  At the heart of the adaptive management concept is the mindset that human interactions with the environment should be viewed as experiments, with the associated need to monitor and evaluate successes and failures, adjust interactions based on ‘lessons learned’, and in general, build in a social learning component to human interactions with natural systems. Two case studies of disasters linked in part to human-induced environmental change were conducted, and the adaptive responses to these disasters by local communities, NGOs and Government agencies were documented. Data were derived from secondary data sources on each disaster, key informant interviews, and direct observations of each disaster zone over the 2005 to 2006 period. The research indicates that in both case studies, a limited range of adaptive risk management strategies were employed, including both structural and non-structural approaches, but that adaptive resource or environmental management (e.g. reforestation, water resources management) was not pursued. In both case studies, responses to disaster were assessed to be examples of ‘trial and error’ adaptation, rather than either ‘passive’ or ‘active’ adaptation, largely due to the complexity of, and lack of institutional capacity for, necessary changes in resource and environmental management.
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1. Introduction

Hazard mitigation and disaster reduction have been the primary motivation for natural hazards research since the earliest 1940s writings of Gilbert F. White. These themes have been informed by complementary work on integrated resource management, ecosystem approaches to environmental management, cumulative environmental effects and change, risk vulnerability, management and mitigation, human ecology of hazard, and adaptive management. Such themes intersect with hazard mitigation through an increasing realization in the literature that so-called “natural” hazards often result from human causes, or what White et. al. (2001, 87) refer to as “…human acts of commission and omission” and what Abramovitz (2001) refers to as “Unnatural disasters”. 
Globally, disasters and related physical, economic and societal damages are increasing rapidly, doubling each decade since the early 1960s. In the late 1990s, global numbers of ‘significant’ disasters reached 500-800 events annually, and annual losses from natural disasters has topped $80-110 billion USD in recent years, surpassing the global total of all foreign aid programs combined. An emerging body of literature suggests that this growth in disaster events and damages can be explained, in part, by the increasing cumulative impact of humans transforming the environment through resource exploitation, human settlement, and ecologically-destructive land-use practices (Brookfield 1999, Abramovitz 2001). Bogardi (2004, 361) points out that ‘natural’ disasters are “…more and more determined by the coincidence of hydro-climatic events, such as rainfall, impacting on an environment modified by human activities”.  
This body of literature is increasingly calling for the translation of this knowledge into adaptive hazard management efforts which confront and mitigate human-induced hazards and disasters, integrate hazard mitigation into precautionary development planning processes, and facilitate the adaptation of societies to a changing and more hazardous environment (Adger and Brooks 2003). However, although there is a well-developed literature suggesting the need for mitigation addressing human dimensions, there is a poorly developed empirical literature evaluating whether exposure to human-caused disasters triggers adaptive hazard mitigation and resource management actions, particularly in developing countries.
This paper explores whether past exposure to disasters with a human dimension (e.g. deforestation-related debris flows) results in adaptive hazard management and improved environmental and resource management practices in the affected area. Two case studies of ‘natural disasters’, and the adaptive responses to these disasters taken by local communities, NGOs and Government agencies, were used to explore the link between disaster and adaptive management. Case studies were selected on the basis of academic and anecdotal evidence which suggested that human causes (e.g. deforestation, landscape modification), rather than strictly natural causes, contributed to the occurrence and severity of each debris flow disaster. The causal agents for each disaster were traced, and an attempt made to distinguish between primary and secondary causes of each disaster. Data were derived from secondary data sources on each disaster (e.g. mission reports from disaster relief agencies, published news articles, disaster database reports and other ‘grey literature’), key informant interviews, and direct observations of each disaster zone over the 2005 to 2006 period. The research indicates that in both case studies, a limited range of adaptive risk management strategies were employed, including both structural and non-structural approaches, but that adaptive resource management (e.g. reforestation, changed approaches to water resources management) was not pursued.
2. The Adaptive Management Concept

Although the study of adaptation to changing environments has been around for at least 100 years (Janssen and Ostrom 2006), interest in this topic has increased dramatically in the last 20 years. Adaptation, or the adjustment of “social–ecological systems in response to actual, perceived, or expected environmental changes and their impacts” can be viewed as an umbrella term within which more specific and modified uses are beginning to emerge. The ‘adaptive management’ concept, which emerged out of ecology and resource management literature (see for example Holling 1986, Walters and Holling 1990), now being applied in a number of new areas, including risk management, hazard management and hazard mitigation (see for example White et. al. 2001, Busenberg 2004, Thompkins and Adger 2004, Haque and Burton 2005). At the heart of the adaptive management concept (see Fig. 1) is the mindset that human interactions with the environment should be viewed as experiments, with the associated need to monitor and evaluate successes and failures, adjust interactions based on ‘lessons learned’, and in general, build in a social learning component to human interactions with natural systems. Adaptive management is often linked to desires to build resilience into human-ecological interactions, in part, through the development of institutions and governance systems that allow for learning and adaptive capacity (Folke et. al. 2002). Building on complex systems theory, adaptive management recognizes that ecosystems are inherently changeable, frequently unpredictable, and in the face of human disturbances, often fraught with surprising and sometimes catastrophic outcomes. The holy grail of adaptive management, according to Walters and Hollings (1990), is the pursuit of “active adaptation” wherein a range of management responses are attempted and the outcomes of each actively monitored and adjusted based on feedback.
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Fig. 1: Adaptive Management


Source: NOAA Coastal Services Center, 2006
According to Grumbine (1997), two of the key challenges in carrying out adaptive management are to institutionalize new learning in often rigid institutions, and to make management professionals and practitioners responsive to change. He identifies six related practices that should be carried out when introducing adaptive management:

· Eschew single-response management actions in favour of multiple responses

· Avoid quick fix solutions

· Match the timing of actions with periods in which systems are amenable to change

· Monitor, and learn from monitoring

· View management efforts as experiments, and aim for modest experiments until responses indicate success

· Practice decentralized, participatory management rather than centralized.

These observations are especially important for the sub-field of hazard mitigation and disaster response where pressures to act are often intense, timelines to deliver responses are short, and the institutions responsible for hazard mitigation and disaster response (e.g. military, civil defence, public works) are often rigid, top-down and hierarchical (Haque and Burton 2005). 
Adaptive management actions have been recognized to span a number of possibilities, ranging from simple ‘trial and error’ experiments, to ‘passive adaptations’ (i.e. a single ‘best choice’ is implemented) and ‘active adaptations’ (defined as intentional multi-action programmes where active monitoring and adjustment of actions is carried out) (adapted from Walters and Holling 1990). This classification system is a useful means by which to examine further the nature of adaptive management interventions in socio-ecological systems, and was used to analyse date collected for the two case studies examined in this research.
3. Adaptive Hazard Management Case Studies 
3.1 Case selection criteria 
Cases were selected on the basis of academic and anecdotal evidence which suggested that human causes (e.g. deforestation, landscape modification), in addition to natural causes, contributed to the occurrence and severity of a disaster. The researcher hypothesized that the adaptive management of disasters linked to human mismanagement of ecosystems would not adequately recognize or address such human causal links. As well, recognizing that scale issues are of major importance in vulnerability to natural hazards (Bogardi 2004) (e.g. the size/magnitude of the disasters is critical in guiding the nature of responses, the institutions involved, etc), case studies of disasters of differing scales (in terms of both areal extent and numbers of people affected) were selected. Finally, disasters caused by one specific category of natural hazards, debris flows, were examined due to hypothesized connections between human changes to formerly natural areas and resulting debris flows.
3.2 Case Study #1: 1999 Pupuan, Bali landslide/debris flow
The first case study explored the causes of and subsequent adaptive responses to the Jan. 7, 1999 landslide in the village of Pupuan, Bali (see Fig. 2) which killed 40 people (Informant #1, 2006; IFRCRCS 1999). The small 20 m X 200 m landslide occurred as local residents were engaged in a community work detail to clean out debris from a small previous slide which had blocked an irrigation canal.
The landslide occurred on the steep side slopes of one of the many deeply incised valleys found on the upper areas of Bali’s active Mt. Bratan volcano. Soils are generally stable and in many areas this stability has been enhanced by terracing for rice production. However, in the immediate vicinity of the landslide there is evidence of previous smaller slides, debris flows and soil creep, so this area should be thought of as ‘locally unstable’. Although Mt. Bratan is considered to be an active volcano, no volcanic activity was reported before the landslide nor were any significant earthquakes reported (USGS Earthquake Search 2006).
This disaster has been described by locals as being caused by a high rainfall event in the midst of an otherwise ‘normal’ rainy season (Informant #1, 2006), however site visits and key informant interviews suggest that significant environmental modifications above the landslide zone, and some removal of vegetation from the slope which eventually failed, may also have contributed. Immediately above the slide zone, natural forest cover has been drastically reduced, replaced by agroforestry species, livestock pens, and market garden cropping. Throughout the area encompassed by the village, fuelwood collection and selective logging to support Bali’s tourism handicrafts market is also evident. The area above the landslide has been transformed into a series of open fields ringed by shade trees and other agroforestry species (Field Notes 2006), and it is hypothesized that this forest transformation has affected groundwater drainage and overland flow patterns during high rainfall events. Pre-disaster, it was reportedly a common practice for villagers to gather grasses and fuelwood from the slope which eventually failed (Informant #1, 2006).
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Fig. 2: Location of the Pupuan, Bali debris flow disaster 

Although to date no adaptive environmental management actions have been taken (e.g. reforestation), a number of adaptive risk management actions were carried out in Pupuan. The single structural adaptation used was the construction of a 500 metre-long metal and concrete covering over the section of the irrigation canal where villagers were killed (Informant #1, 2006). This action, carried out by the national Ministry of Public Works, resulted in a localized risk reduction: if future slides occur in this region, there will be no need for villagers to clean debris from the irrigation canal. Other sections of the canal located at the bottom of other nearby steep slopes were not covered (Field Notes 2006). 
Several non-structural adaptations were reported (Informant #1, 2006). The toe of the landslide is now considered by villagers to be a ‘holy place’ and a Balinese Hindu shrine with a list of the victims’ names was built to commemorate landslide victims and provide a place to leave offerings. With the newfound designation, villagers now refuse to cut grasses and trees in the area, and the vegetation has recovered dramatically in just seven years (Field Notes 2006). Behaviourally, villagers have adjusted to the disaster by now refusing to clear irrigation canals until the weather is clear and the risk of landslides has lowered. Recognizing that villagers’ newfound knowledge of landslide risks may be fleeting, village leaders plan to turn the story of the disasters into a story/poem which will be taught to current villagers and passed on to future generations using traditional village fora.
Several plausible adaptive responses have not been pursued by villagers or government agencies. Firstly, there have been no attempts to produce a hazard map of the slide zone and other similar areas nearby. Secondly, ongoing monitoring of the slide zone (e.g. water levels, soil movements) has not been carried out. Thirdly, there have been no attempts to adaptively manage some of the possible environmental contributions to the slide: there has been no reforestation of the slide zone or area immediately above the slide, nor have any of the remaining irrigated rice terraces adjacent to the base of the slide runout zone been retired. Following a presentation of details of the second case study, the implications of these ‘missed opportunities’ will be discussed.
3.3 Case Study #2: 2004 Jimani, Dominican Republic debris flow
The May 2004 debris flow in Jimani, Dominican Republic (see Fig. 3) killed an estimated 400 out of 11,000 Jimani residents (INDRHI 2004), displaced up to 3000 individuals, and destroyed at least 300 homes (INDHRI 2004), or approximately 10-15% of the town’s housing stock
. Both primary (most important) and secondary (of lesser importance) causes of the disaster were identified during the course of the research. Primary causes include an intense rainfall event, the location of the town on an alluvial fan, and deforestation in the upper catchment (80% of which lies in Haiti). Secondary causes include the geomorphology of the area (poorly consolidated sediments, gravels and boulders), the hydrology of the watershed (a poorly draining semi-circular or “C” shaped basin), and poor local capacities for weather forecasting, river monitoring, and communications/evacuation orders. 
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Fig. 3: Location of the Jimani, Dominican Republic debris flow disaster 
Arguably, the single most important factor driving the flash flooding event was a low-pressure system which originated in Central America and traversed Hispaniola May 18-25, 2004. This system brought a combined total of over 500 mm (19.7 inches) of rainfall to the Haitian/Dominican Republic border regions, or as much rain as is usual in the region over a period of one year (Informant #5, 2005). Rainfall was most intense on May 24th, when the upper catchment of the Soliette River/Rio Blanco basin received an estimated 250mm of rain (10 inches) in the 24hours preceding the flash flood (INDRHI 2004, NASA Earth Observatory 2004). The normal flow rate for the river is estimated to be 0.13 m3/sec, but during peak flood stage this swelled to an estimated 1416 m3/sec (INDHRI 2004, emphasis added). The return time for such an event was estimated by Dominican hydrologists to be 400 years (INDRHI 2004), however such an estimate must be treated with a high degree of caution as there is very little data available about upper basin conditions in Haiti (e.g. forest coverage, rainfall, soil conditions, rates of deforestation and erosion, etc).
Another key cause of the disaster was the location of the town of Jimani. Jimani is built on an alluvial fan built from sediment deposited by thousands of years of flooding events (Crist 1952, 105; Informant #5, 2004). Prior to the May 2004 disaster, the river’s channel was located 50-150 metres east of the easternmost edge of the town (Field Notes 2005). During the early morning hours of May 25th, just before peak flood stage, the main channel shifted approximately 30 degrees westward toward the town (Informant #5, 2005) and directly into a cluster of houses occupied by primarily low-income Haitian immigrants and Dominican Republic nationals (Informant #6, 2005). 
A third primary cause of the disaster is deforestation in the upper catchment. Just over 80% of the Soliette River catchment is found within Haiti’s borders, and the catchment drains across the border into neighbouring Dominican Republic (Informant #5, 2004). The Haitian portion of the catchment is “virtually treeless” (Aide and Grau 2004, 1915), with some estimates suggesting up to 97% of the original forest cover has now been removed, most in the last 20 years (Informant #2, 2005). One Dominican government scientist commented on the role of such deforestation in the flash flood of May 2004: “If the forest had been intact, we (still) would have had some flooding, but it would have been much less damaging” (Informant #5, 2005).
A number of secondary sources of the disaster have been identified. A significant component to the hazard posed by flash flooding from the Soliette River drainage system is the high levels of sediment transported by the river during flood events. During the May 24, 2004 flood event, such sediment ranged in size from mud to boulders estimated to weigh between 5 and 8 tons (INDHRI 2004). The source of much of this sediment is the regional “Jimani formation”, a geological outcropping of poorly consolidated sediments, gravels and boulders which is easily eroded and transported (Informant #5, 2005). 
The drainage hydrology of the Soliette basin has also been implicated in the disaster. The Soliette River/Rio Blanco basin is semi-circular or “C” shaped (see Fig. 4), and such a shape is characterized as having poor overall drainage and a tendency toward ponding or pooling (Informant #5, 2005) at a natural choke point near the mouth of the basin (i.e. about 5 kilometers upstream from the town of Jimani). This morphology also accentuates river side scouring, and the entrainment of large amounts of river sediments during flood events. As the sediment-laden water emerges from the mountains to the southwest of Jimani, a sudden gradient change causes much of this sediment to be deposited on the large alluvial fan where the town of Jimani is located. In turn, such deposition leads to river channels on the alluvial fan becoming raised in elevation, triggering relatively frequent and sudden river channel changes. 

 
[image: image4]Fig. 4: Basin Morphology
Poor communication, monitoring and awareness have also been identified as a secondary factor in the disaster. Although weather forecasts across the country suggested the potential for heavy rainfall in the Dominican Republic/Haiti border regions on the night before the flash flood, such forecasts were not communicated to Jimani residents (Informant #6 & #7, 2005). As well, due in large part to Haiti’s ongoing security and political problems and the Dominican Republic’s preoccupation with the control of illegal Haitian migrants, direct communication between Haitian and Dominican meteorologists, hydrologists or civil defense agencies was effectively impossible (Informants #6 & #7, 2005). This was compounded by the fact that villagers in Jimani had no prior experience with flash flooding events in their lifetimes, and thus did not recognize rising rivers as a potential warning signal of impending flash flooding. Real time river monitoring systems were not in place in either the Haitian or Dominican portions of the watershed, so accurate and timely notification about river levels rising was not possible. Lastly, no village-wide warning systems (e.g. sirens, lights or pre-prepared door-to-door warning system) were in place prior to the disaster Informants #6 & #7, 2005).
Research on the May 2004 flash flood in Jimani, Dominican Republic reveals that exposure to the disaster triggered several adaptive risk management actions, but that adaptive environmental or resource management actions were not adopted. A range of structural and non-structural approaches have been used in this risk management.
One structural approach has been the construction of a large levee out of old river channel materials (Field Notes 2005). The aim of the project is to widen and channelize the floodplain, and to construct 5-15 metre high protective berms along the channel margins. Indirectly, this new levee also serves as a physical barrier against future informal settlements encroaching on the river floodplain. The levee, while reducing risk to Jimani, is also recognized as passing the flash flooding risk further downstream, and potentially endangering downstream villages in the process (Informant #6 2005).

A blend of structural and non-structural approaches were used in relocating survivors to over 150 flood-resistant houses on a lower-hazard part of the alluvial fan (Field Notes 2005). The permanent resettlement area is located approximately 2 kilometres west of the disaster zone, albeit still on the alluvial fan. New homes have been built with flood resistant characteristics: the houses are flood resistant concrete-block construction, and a second-story “safe zone” is a feature of each new house. 

Non-structural adaptations included many areas of communication improvement. In particular, the organizational capacities of the Dominican Civil Defense system were judged to have been strengthened in the year following the Jimani flash flood. As one informant noted, the flash flood “improved our organizational capacity… it was a major test. Now, we coordinate more on a regular basis within our organization and across other agencies” (Informant #4, 2005). As well, radio retransmission stations, which transfer weather forecasts originating in the capital Santo Domingo to the Haiti border regions, were made more powerful, and the monitoring of weather forecasts by NGOs and Civil Defense personnel is now a regular occurrence (Informant #7 2005). However, such improvements are limited to the Dominican Republic side of the island of Hispaniola: cross-border cooperation, risk monitoring and communication between Haiti and the Dominican Republic is still almost non-existent due to Haiti’s ongoing political and governance crisis (Informant #2 2005). One exception to this has been strengthened cross-border collaboration between Haitian and Dominican NGOs such as World Vision (Informant #6 2005).

A variety of potential adaptive risk and resource management actions have not yet been pursued in Jimani. Foremost among these is the complete lack of actions taken to reforest the denuded upper Soliette River watershed (Informant #7 2005). Faced with deteriorating security and political stability in Haiti, most Haitian NGOs and government agencies have found it impossible to attempt socio-economically complex actions such as halting deforestation or attempting reforestation. 

Another critical component of risk reduction, the development of an integrated river monitoring and early warning system, has not yet been attempted. Although a proposal for a comprehensive system is being developed for submission to The World Bank (Informant #4 2005), a basic, low-technology warning system could have been built quickly and at minimum cost to provide some measure of interim protection to riverside communities.

One drastic action, the complete resettlement of the town of Jimani, has not been explored seriously even though such a recommendation was made in 1988 in an OAS/Dominican Government study (OAS/DCR/CRD 1988). One explanation for this is that Jimani is the site of a Dominican military base (Informant #1 2005), and the town is seen as important strategically in the fight to keep illegal Haitian migrants from crossing the border. However, from a risk reduction perspective, such a drastic approach is warranted in light of the persistent threat that settlement on an active alluvial fan poses. 

Ultimately, none of the adaptive risk management responses to the Jimani flood disaster guarantees absolute protection, and there is a real possibility that changing conditions in the upper watershed will translate into stronger, more frequent, more sediment-laden and more devastating flash floods that will test the protection the levee, and other responses, affords. In short, Jimani continues to face the real threat of future flooding and flash flooding events. Although both structural and non-structural adaptive risk management actions have been taken, these are of a limited nature and can only be viewed as reducing the immediate danger of a similar flash flooding event. Longer term, the town of Jimani remains highly vulnerable to future flash flooding, particularly if upstream deforestation continues, if climate change induces larger or more frequent flash flooding events, or if the river channel continues to shift on the alluvial fan in the dramatic and unpredictable manner seen over the last few thousand years. Adaptive resource management, such as reforestation in the upper watershed, has not yet been attempted, in large part due to the excessive difficulties in reversing the complex socio-economic conditions that have led to deforestation in Haiti. Perhaps most significantly, the institutional capacity to attempt such a reforestation program is not yet in place in Haiti, and may not be in place for many years to come. 
4. Discussion
Research on the two case studies reveals that exposure to the disaster triggered several adaptive risk management actions in each case, but that adaptive environmental or resource management actions were not adopted. The risk management strategies actions taken spanned a range of structural (e.g. levee construction, hillside terracing, hazard-resistant housing) and non-structural approaches (e.g. strengthening communications networks, human settlement and landuse rezoning, strengthened cooperation between NGOs and government agencies). However, in what is arguably the most important finding from the research, adaptive resource management actions (reforestation, changing agroforestry or agricultural practices, water resources management) have not been pursued in either case study site. 
In each case, the limited adaptive responses can be traced to complexity of, lack of institutional management capacity for, and cultural resistance to actions needed to reverse the resource mismanagement trends which contributed to each disaster. In the Jimani flash flood case study, cross-border political problems in Haiti have left an almost total governance void, with the result that no governmental or NGO agencies have the institutional capacity to tackle and reverse the complex deforestation problems in that country. In the Pupuan landslide case study, land use and population pressures, in addition to a 1000 year old cultural tradition of terraced rice-growing, have led to strong local resistance toward changing resource-use practices (e.g. abandoning hillside rice agriculture, reforesting agriculturally productive flat land above slide-prone slopes). 
Issues of scale were found to be important factor in the adaptive responses to each of the two case studies. The Jimani flash-flood was seen by the Dominican Republic government and international aid agencies as a ‘major’ event, yet although there were many adaptive responses these were local in nature and did not match the ‘watershed’ scale of the deforestation problem which contributed to the disaster. The Pupuan, Bali landslide was viewed by villagers and government agencies to be a small-scale or even micro-scale event, with adaptive responses limited to the landslide site itself and an area no more than 200 metres on either side of the landslide. For very different reasons, adaptive responses in both case studies did not address the ‘upstream’ resource management issues which contributed to the disaster.
Using the adaptive management classification system mentioned earlier, (adapted from Walters and Holling 1990), both case studies are judged to have attempted ‘trial and error’ adaptations, rather than either ‘passive’ or ‘active’ adaptation. Although there were many adaptive responses in the Jimani case study, active monitoring and future adjustment of these responses was never mentioned as being needed. In the Pupuan, Bali case study, structural and behavioural adaptations were limited to the disaster site itself and any ‘lessons learned’ from the disaster did not appear to be applied village-wide or even beyond the immediate disaster zone. In both cases the research revealed that the disaster presented a ‘problem’ to be adaptively managed, and that once adaptive responses were implemented the problem was assumed to have been fixed.
Conclusion

Although both case study communities have attempted to mitigate hazard risks, the lack of actions taken on adaptive resource management means that both communities continue to face the real threat of future, similar disaster events. Structural and non-structural adaptive risk management actions have been taken, yet these are of a limited nature and can only be viewed as reducing the immediate danger or severity of future disaster events. Longer term, both communities remain vulnerable to similar future disasters, particularly if resource mismanagement in the vicinity of each community continues, or if climate change induces larger, more frequent, or more extreme rainfall events. These communities, operating under trial and error adaptive management, could take the next steps toward active adaptation by adding ‘monitor’ and ‘evaluate’ components, and by viewing their respective disasters as indicators that additional resource and environmental management adaptations are needed.
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