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lITeRaTuRe RevIew:  
 
TRopIcal coasTal ecosysTems as 
coasTal Defences
Prepared by Carmen Lacambra, Dr Tom Spencer, Dr Iris Moeller. Cambridge Coastal Research 
Unit, Department of Geography, University of Cambridge, United Kingdom, for the report ‘‘The 
Role of Environmental Management and Eco-Engineering in Disaster Risk Reduction and Climate 
Change Adaptation’’ (ProAct Network 2008), available at www.proactnetwork.org

INTRoDUCTIoN1.  

More than 60% of the world’s population is concentrated in coastal areas or located in areas 
influenced by coastal climate dynamics.  The global population is expected to rise by approximately 
30% by 2030, most of which will occur in developing countries.  Impacts of climate change are 
expected to be greater in tropical countries and coastal hazards (hurricanes, cyclones, floods etc) are 
expected to intensify, both in frequency and magnitude. Sea level rise and climate-related events are 
likely to increase the amount of people affected by floods in coastal areas (from 180 –to 230 million 
people UNDP (2007). 

UNEP’s Global Environmental Outlook “GEO 04” (2007), and Millennium Ecosystem Assessments 
(2005, 2006), and UNDP’s Human Development Report (2007) present the current status of coastal 
zones globally, and highlight coastal populations’ vulnerability to climate change. UNEP-WCMC 
(2006) and McFadden et al, (2007) have already thoughtfully presented the case for coastal ecosystems 
in coastal protection; drawing on conceptual and theoretical papers on vulnerability and examples 
of ecosystems uses, services and status in both temperate and tropical settings. There are also other 
published approaches and estimates assessing the economic value of reefs and mangroves at regional 
and local scale (Cesar et al, 2003; Burke and Maidens, 2005; Castiblanco, 2002).

Considering that there is already a broad range of information highlighting the role of coastal 
ecosystem services as well as the potential consequences of climate change in coastal areas and 
communities nearby, this paper focuses on the feedback between the characteristics of tropical coastal 
ecosystems themselves and the impact of extreme events upon them. An ecosystem’s inherent capacity 
to respond and recover from coastal hazards (i.e. their resilience) is critical in this.

Whilst the benefits of coastal ecosystems (mangrove forest and coral reefs) have been broadly 
recognised, there has not been much emphasis on the sea defence role of such ecosystems. How much 
mangrove forest is needed to diminish the vulnerability of a particular area? What width? How much 
pressure can ecosystems withstand and what damage can they suffer before they cannot recover?  
Thresholds clearly exist in this context and will vary with ecosystem and location depending on 
each coast’s particular dynamics and pressures upon the systems. Nevertheless understanding on 
ecosystem’s coping mechanisms, responses and reactions to coastal hazards would be useful for 
decision and policy makers aiming to plan for diminishing the vulnerability of coastal areas.
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the only ones. There are more than 124 reports of tsunamis in the Caribbean region since the 1500s, 
some of which such as the Venezuelan tsunami of 1530 hit with devastating consequences. However, 
most of these events occurred prior to 1900, hence there is not much information about consequences 
or responses from the natural environment, and available information referring to more recent events 
is scarce and limited to anecdotes (O’Loughlin and Lander, 2006).

Hurricanes provoke various types of disturbances or forces impacting coastal areas: waves, rain, 
floods and wind. Each of these forces acts with its own intensity and frequency, independent of the 
system characteristics itself (Lugo, 2000). Salazar-Vallejo (2002) reports the variability of cyclonic 
activity in the Caribbean through time, where the most intense decades were 1770s, 1910s and 1930-
1950, and lower hurricane activity occurred in 1650s, 1740s, 1860s and 1900s.  Hurricane routes 
were also reported to have changed towards the east since 1950s. However no records of magnitude 
or intensity are held for most of such hurricanes and Salazar-Vallejo (2002) does not indicate if those 
dates are for the entire Caribbean or for a particular region.  

Hurricanes play an important role in the global climate system, transporting excess heat and 
humidity from the tropics to temperate and boreal areas. At the same time, the world’s heat balance 
influences hurricane size, formation, intensity and movement (Lugo, 2000). Hurricanes shape 
landforms and vegetation and influence human activities and quality of life over vast areas. Hurricane 
Mitch impacted both the Caribbean and the Pacific coast of Central America in 1998 despite the 
forces involved on each coast were different, the consequences for the population were massive all 
over the region (Lugo, 2000; Hensel and Proffitt 2002; Cahoon and Hensel, 2002).

MANGRovE FoRESTS 3.  

Mangrove forests are distributed along low energy areas of the tropical and subtropical shorelines 
of the world. Their most distinctive characteristic is their capacity to tolerate tidal flooding, long 
periods of seawater inundation and high salinity. Mangrove forests are often located on deltas or 
estuaries, and although not completely dependent on fresh water sources, mangroves grow and 
develop better with freshwater contribution.

Mangroves show life history traits of pioneer species attributed to the constant change in their 
environment daily, seasonally and during strong disturbances (Sherman et al, 2001; Sherman et al, 
2000; Alongi, 2008). Nevertheless their recovery patterns and process are still unknown, there is 
little research on the role of hurricane disturbance on mangrove ecosystems, and results on species 
resistance to hurricanes in the Caribbean are contradictory (Sherman et al, 2000; Piou et al, 2006; 
Baldwin et al, 2001; Davis et al, 2004).

Mangrove forest damage and recovery depend on the intensity, frequency and magnitude of 
large disturbance events and each impacted areas’ characteristics (Piou et al, 2006; Alongi, 2008; 
Lugo, 2000).  Tsunamis, storms, hurricanes, cyclones, lighting, typhoons and freshwater discharges 
are common disturbances to these ecosystems. Considering that hurricanes are the most recurrent 
extreme event in the Neotropics and the lack of information on other coastal events, the following 
pages describe impacts of storms and hurricanes on mangrove forests in the region.

The present review focuses on Latin America and the Caribbean, a region prone to natural 
disturbance from climate related events and tectonic activity, and where information on impacts 
and responses of natural coastal ecosystems to disturbance is not easily accessible or non-existent. 
Although there is regional concern about the state of coastal ecosystems and there are ongoing 
conservation and restoration programmes, the role that such ecosystems play in coastal protection is 
often neglected both in research and natural disaster mitigation strategies. For this reason much of 
the information referring to research on the sea defence value of coastal ecosystem has been derived 
in this review from examples and research within SE Asia.

TRoPICAL CoASTAL ECoSySTEMS AND NATURAL 2.  
DISTURbANCES

The current distribution of natural coastal ecosystems is the result of variation in geology, 
geomorphology, hydrodynamics and climatic conditions. Interactions between species within and 
between ecosystems and natural disturbances may be seen as highly influential secondary factors. 
Over geological time-scales, natural disturbances may be regarded as a continuous force and not as 
a one-off event (Woodley et al., 1992).

In less than one day, natural disturbances can alter the distribution and abundance of organisms 
and set conditions for patterns of distribution different to those previous to the event. In the long 
term, consequences of disturbances promote evolution as changes within systems. With the absence 
of disturbances, or when disturbances have shown longer return periods, specimens reach greater 
sizes and closer interactions between species might evolve (Salazar-Vallejo, 2002). 

Pulse events, as described by Davis et al, (2004), besides altering structural and functional 
attributes of coastal ecosystems also change water quality, hydrodynamics, nutrient fluxes, and 
sediment transport, and biota interrelation in coastal areas.

 Hurricanes and Tsunamis and other natural disturbances are a natural part of coastal ecosystem 
dynamics. The extent of damage can be attributed to 4 main conditions: a) unique characteristics of each 
events, b) ecosystem location in respect to the disturbance, c) geomorphology and coastal dynamics 
and, d) ecosystems structure and species composition. Impacts vary from complete destruction and 
alteration of physical condition, to no impact at all; despite the intensity of the impacts the natural 
tendency of ecosystems seems towards recovery. However, and as Pimm et al. pointed out in 1994 
ecosystem capacity to recover has commonly been jeopardized by non-events-related conditions: 
fragmentation, greater anthropogenic pressures and drainage alteration.

Although erosion and deposition are part of the natural dynamics of coastal environments, extreme 
events can displace enormous amounts of sediments and transform coastal features drastically. 
Hurricane Mitch produced a new shoreline along the coasts of Honduras and massive amounts of 
debris and sediment accumulated in the Gulf of Fonseca (Hensel and Proffitt 2002; Cahoon and 
Hensel, 2002).

Consequences of tsunamis depend largely on the characteristics of events and are closely related to 
the tectonic movement source of the tsunami. The main force driving tsunamis are the long period 
wave(s).  All the shorelines along the Pacific basin are prone to tsunamic events, but by no means 
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Not all ecosystems’ characteristics are equally important in influencing the damage sustained by 
hurricanes and storms, the features below are most commonly reported on the literature:

Tree height

Mangrove height has been one of the main topics of research both in respect of the impact from 
wind and wind-related events and in relation to wave attenuation mechanisms. Although dependent 
on each event’s characteristics, it seems than tree height is related to greater/lesser damage from 
wind and wave forces. Mazda’s et al., conclusion (2006) seems to summarise the relation with tree 
size, stating that under normal conditions bottom friction attenuates wave energy however during 
storm conditions it is the vertical configuration of ecosystems that is important. 

Some authors argue that taller trees suffer the greatest impact of wind shear and hence are 
more damaged during hurricanes, as was the case during hurricane Andrew (Sherman et al., 2001; 
Baldwin et al., 2001) and studies with local fishermen communities in Mexico (Kovacks, et al. 2004).  
According to Hensel and Proffitt (2002) and Cahoon and Hensel (2002) during hurricane Mitch, 
taller trees were broken and uprooted. However, in the most impacted area of Guanaja Bay Island, 
damage was independent of tree size, and in areas with medium impact smaller mangroves suffered 
greater damage and more robust and taller individuals resisted the most (Hensel and Proffitt, 2002).  
Sherman et al, (2001) report that during hurricane George in the Dominican Republic, there was no 
clear relationship between tree size and tree damage, but there was a pattern whereby tree size and 
mortality were related to species.  

Species

Species composition in mangrove forests is partly the result of large and small-scale disturbances, 
suggesting the crucial role of species composition in damage patterns along forests. Different species 
of mangrove are impacted in different ways by the forces of hurricanes. L. racemosa seems to be 
the species most resistant to wind, followed by R. mangle and A. germinans. Species composition 
also plays an important role in the recovery of the forests. Not only is individual species survival 
greater but also plots dominated by L. racemosa appear to suffer much less damage than other species 
(Sherman et al., 2000). In the case of hurricanes and damage related to wind, species recovery also 
follows a different pattern, L. racemosa recovers faster than R. mangle and A. germinans (Cahoon and 
Hensel, 2002); recovery is also related to L. racemosa adaptative capacity to re-sprout after a major 
event, an adaptation that R. mangle lacks (Sherman et al., 2000; Baldwin et al., 2001). Despite the fact 
that R mangle lacks this adaptation, this species colonises intertidal areas faster, which explain the 
fast regeneration of severely damaged forests. Other studies report that R. mangle is more resistant 
to wind damage, however once big branches are broken their capacity to survive is lower (Roth, 
1992). Table 2 presents the review of published material regarding mangrove species resistance to 
hurricanes.

IMPACTS FRoM hURRICANES

Hurricane Forces impact mangrove forests through 4 mechanisms and the combination of them: 
winds, waves, sediment burial and water levels (Cahoon and Hensel, 2002; Hensel and Proffitt, 
2002; Badola and Hussain, 2005; Pimm et al., 1994); each of which with its own frequency and 
intensity, independent of the hurricane system itself, making each event unique and hence difficult 
to predict; hence ecosystem impact, response and recovery also depends on each hurricane’s physical 
characteristics (Lugo, 2000).

Direct consequences of these forces include defoliation and uprooting, tidal surges, coastal flooding 
and strong wave currents mobilising sediments, causing erosion and deposition. Indirect consequences 
depend on the position of the ecosystem in respect to river basins. Intense and long rain can lead 
to upland flooding causing erosion and debris flow that accumulates further downstream in the 
ecosystems (Cahoon and Hensel, 2002; Hensel and Proffitt, 2002). Direct and indirect consequences 
lead to changes in ecosystem structure and composition, altering age and size distribution, forest 
composition and biomass, species diversity, succession processes, nutrient cycling and plant and 
animal interactions (Sherman et al., 2001; Baldwin et al., 2001). Table 1 summarises some of the 
impacts of hurricanes on mangrove forests.

Table 1. Impacts of hurricanes in the Neotropics mangrove forests (please see end of review)

In the same way that there are differences regarding characteristics of different storms and their 
impacts, the same hurricane can cause different damages to forests at different locations. Hurricane 
Mitch is a good example of different impacts in different areas in Central America: the Caribbean 
islands, the Caribbean shoreline and the Pacific coast. Mangroves on the Caribbean islands were 
damaged mostly by the wind and storm surges; mangroves in the mainland Caribbean were damaged 
by strong waves, erosion and deposition of sediments, and, mangroves along the Pacific were buried 
under sediments deposited by rivers as a consequence of upland erosion by strong rains (Cahoon and 
Hensel, 2002; Hensel and Proffitt, 2002). In the case of hurricane Andrew most damage occurred 
inland and not along the front line.

Despite these great differences, hurricane Mitch did not seem to follow a pattern of destruction 
along the Pacific coasts; some areas were not affected whereas other areas were completely destroyed 
(Hensel and Proffitt, 2002). Cahoon and Hensel, (2002), report that despite local damages, mangrove 
forests were very resilient to the strong forces of hurricane Mitch.

Aerial screening of damages caused by hurricane Andrew in Florida showed 85% of trees blown 
away by the storm; but ground based assessment showed greater damage due to standing trees being 
severely damaged and mortality continuing after the storm.

Erosion caused by waves during hurricane Mitch led to destruction of fringing mangroves, leaving 
interior mangroves in the frontline and causing a deposition of up to 1.2 m within the inner areas of 
the forest as well as severe damage to other forests 200km away from the storm path (Hensel and 
Proffitt, 2002; Cahoon and Hensel, 2002); in comparison, during hurricane Andrew there was little 
erosion in the mangrove forests (Tilmant et al., 1994).

Depletion of mangrove propagules by post-event flooding and sediment movement has been 
reported crucial at the recovery state of ecosystems.
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Despite mangrove forests exhibiting behaviours of primary species, and being located in areas of 
constant change, not all mangroves are impacted by hurricanes and storms with the same frequency 
(Sherman et al., 2000).

The previous parameters refer to intrinsic ecosystems characteristics, but there are other coastal 
features that are independent of the ecosystem biology as such, and that influence the impact of each 
disturbance on the system as well as in its capacity to recover:

Topography and bathymetry of the impacted area;     ✶

Frequency and intensity of disturbances other than hurricanes (Cahoon and Hensel, 2002) and       ✶

 the trees’ stem conditions (Kovaks et al., 2003). 

Alteration of tidal flooding patterns by sediment accumulation or any other causes. Water       ✶

 and elevation stresses generate dwarf mangroves, which are common along the entire  
 Caribbean shoreline. When salt concentration is too high mangrove become Salinas (Cahoon  
 and Hensel, 2002)

Frequency and return period of the disturbances (although frequency and return period have       ✶

 been more researched in coral reefs, Lugo (2000) also relate them to mangrove forests).

Mangrove restoration is only possible when the shoreline is stable and soils have the suitable 
physico-chemical conditions (Cahoon and Hensel, 2002; Tamin, 2005). In some areas propagule 
availability is the most crucial condition preventing regeneration or restoration (Cahoon, 2003; 
Baldwin et al., 2001); normally R. mangle is the first coloniser starting the regeneration process. 
Mangrove restoration in fringing areas depends on R. mangle propagules that survive hurricanes 
Baldwin et al., (2001). Roth (1992) refers to the physical conditions required for mangrove restoration 
in addition to such biotic characteristics: topography, sediment and drainage patterns and proximity 
to storm path.

There are several papers and reports describing damages to coastal ecosystems impacted by the 
Boxing Day tsunami, and these will not be discussed here.  However, most damages were a result 
of massive soil erosion, or prolonged inundation. In South Andaman, Rhizophora spp. frontline 
mangroves suffered the most from wave destruction and continuous flooding, but stands of intertidal 
Avicennia marina and Sonneratia alba were not affected (Alongi, 2008). 

MANGRovES IN CoASTAL PRoTECTIoN

Although the coastal defence role of mangroves has long been recognised, (Ewel et al, 1998; 
Massel et al., 1999; Mazda et al., 1997), it has become more recognised after the Boxing Day Tsunami 
in South East Asia. Despite this recognition, wave and wind processes occurring in a mangrove 
forest during a particular event are still poorly researched, and there is well founded concern among 
parts of the scientific community that many restoration processes are being developed without fully 
understanding each particular areas’ coastal dynamics and potential hazards (Eong, 2005; Kerr et al., 
2007; Cochard et al., 2008). 

Much of the literature on this topic has emerged after the Boxing Day tsunami, but despite of 
this there are other examples from other events globally. Ewel et al., (1998), Siripong et al., (2005), 
Chong (2005), Massel et al. (1999), Mazda et al. (1997), UNEP-WCMC, (2006), Alongi (2008), (several 
authors summarized in Walters et al., 2008) and Barbier and Heal (2006), to mention a few, report the 
value of mangrove forest protecting coastal areas, property and human life in tropical and subtropical 

Attribute    R. mangle  A. germinans  L racemosa
Resistance to wind throw Lowest (-)  intermediate  Highest (-)
Resistance to breakage  Highest (-)  intermediate  Lowest (-)
Sprouting from damaged trunk lowest   intermediate  Highest
Initial seedling density  lowest   Highest   Intermediate
Shade tolerance   intermediate  Highest   Lowest
Seedlings growth rate  intermediate  lowest   Highest
Seedling survival rate  Highest   Intermediate  Lowest (-)

Table 2 Mangrove species resistance to hurricanes, Source: Table 8. Roth (1992). (-) contradictory results 

between research studies.

The type of damage suffered by each species is also different, whereas crown damage was reported 
on almost all L. racemosa individuals impacted by hurricaine George in the Dominican Republic, less 
than 50% of R. mangle suffered crown damage. However because of L. racemosa’s survival strategy, 
recovery was faster within this species and post-event mortality was greater on R. mangle and A. 
germinans. (Sherman et al., 2000)

R. mangle does not re-sprout after disturbance whereas A. germinans and L. racemosa do exhibit 
sprouting after a major event; it has been suggested that this capacity is an adaptation to defoliation 
events not only reported in the neotropics but also in mangroves from south east Asia (Sherman et 
al., 2000; Baldwin et al., 2001). Nevertheless R. mangle colonises fringing areas first and several 
mangrove ecosystems have started re-generation through R. mangle single-species stands (Baldwin 
et al., 2001)

For Sherman et al., (2001) the ability of species to colonise a canopy gap is important in determining 
species composition regardless of the nature and strength of the disturbances. According to Baldwin 
et al., (2001), in species-poor ecosystems such as mangrove forests a high degree of change in species 
composition is to be expected after a major disturbance. Cahoon and Hensel (2002) report such 
changes within the mangrove forests impacted by hurricane Mitch along the Pacific coast.

Recovery of a mangrove forest involves several pathways and interactions between them, including 
re-sprouting, seedling survival and recruitment and herbaceous vegetation colonization (Baldwin et 
al., 2001).

Location

Geographic location of ecosystems with respect to the storm path is crucial in determining the 
damage suffered by ecosystems (Cahoon and Hensel, 2002; Baldwin et al., 2001). Location refers to 
the ecosystem’s geomorphologic position regarding tidal areas, deltas, water channels and proximity 
to the events path. 

According to Hensel and Proffitt (2002) location relative to tidal areas was not relevant in areas 
most impacted by hurricane Mitch along the Caribbean coast. However, Piou et al,  (2006) and Badola 
and Hussain (2005) report the highest levels of disturbance closer to the shoreline. Badola and Hussain 
(2005) describes that almost all trees in the frontline and several kilometres inland were severely 
damaged by the 1999 super-cyclone in Bandhamal, although other mangrove forests or other trees 
growing besides mangroves  remained intact.
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requires a 200m-mangrove belt before structures protecting agricultural land (Macintosh and 
Ashton, 2005; Othman, 1994). Massel et al., (1999), Mazda et al., (1997 and 2006) and others (Barbier 
et al., 2008) have developed mathematical models based on on-site measurements and observation 
on the importance of width dispersing wave energy and the best options for mangrove resources 
management.  Hiraishi and Harada (2003) propose a 100m greenbelt as part of a tsunami management 
risk program, applicable for the entire Asian South Pacific. Conclusions differ with regard to the most 
appropriate species, ecosystem stem density and area’s characteristics, however values for an optimum 
width range from 100 m up until 1500m.

Mangrove density: 

This condition is based on the physical basis that the greater the friction the wave encounters 
the greater the energy that will be dispersed. Several authors consider the mangrove’s density and 
complex structure to be very important, based on direct observation (Otham, 1994; Danielsen et al., 
2005), on site measurements (Mazda et al., 1997) or mathematical developed models (Massel et al., 
1999; Hiraishi and Harada, 2003). Quartel et al.  (2007) observed that different species have different 
drag forces. Density is closely related to age and size of trees, which will be discussed separately; it 
has also been related to species and width of the ecosystem.

Forest structure: 

This includes all those ecosystems characteristics involved with species composition and distribution, 
specimen age and size distribution and general structure of the system. Most of these conditions have 
been discussed separated, although are strongly related to each other. In particular, Tanaka et al. 
(2007) refers to the importance of ecosystem structure, not only for providing coastal protection but 
also for determining how during events such as the Boxing Day tsunami people held on to them and 
survived. Iverson and Prasad (2007), analysing which aspects of land use were the most influential 
during the Boxing Day tsunami, concluded that distance to shore, followed by vegetation type and 
exposure were the most important conditions. Siripong et al. (2008), assessing the importance of 
vegetation during the Boxing Day tsunami, concluded that ecosystem fragmentation also played an 
important role. For Quartel et al.  (2007), vegetation structure is the most important condition to 
reduce waves under normal day-to-day conditions.

Species:

Vegetation type has been correlated to the mangrove’s capacity to reduce wave energy (Alongi, 
2008; Mazda et al., 1997; Tanaka et al. 2007). According to Othman (1994) 50m of Avicenia are 
enough to reduce waves of 1m to 0.3 m. in Sungai Besar, Malaysia. Alongi (2008) reports that 100m 
of Sonneratia forests can reduce wave energy up to 50%. Tanaka et al.  (2007) reports the results of 
simulation models of the Boxing Day tsunami, with the species being the most resistant (highest drag 
forces) being Pandanus odoratissimus, and Rhizophora apiculata. S/he also concludes that a complex 
of various species would be desirable as different species have different types and sizes of leaves, 
trunks and roots hence creating different levels of roughness.  According to Mazda et al., (1997) 
Rhizophora species create greater friction to waves than species without pnematophores.

countries by acting as barriers that attenuate wave energy from tropical storms and tsunamis, and 
stabilise the substrate to protect it against erosion. Tsunami waves, hurricane waves and normal 
waves differ in frequency, size, period and transported energy, and dynamics in each particular event 
can be very different (Mazda et al., 2006). 

The protective role of mangroves during the 2004 Boxing Day tsunami has been the subject 
of much discussion. Dahdouh-Guebas et al., (2006), Danielsen et al.,  (2005), Chang (2006), and 
Havanond, (2005) confirm that communities living behind mangrove forest suffered less than those 
with no mangrove.  On the other hand Cochard et al,  (2008), Alongi (2008), Vermaat and Thampanya 
(2006), and Kerr et al., (2007) argue that despite the fact that there is no doubt that mangroves do 
protect shorelines, the scientific evidence is not enough to provide certainty about their protective 
role.

In Latin America, very localised communities in Mexico, Colombia, Salvador, Guatemala, and 
Cuba also believe that mangroves provide some kind of protection from storm surges and waves. 
However, most evidence is anecdotal from hurricane Mitch in Central America and from the 1979 
tsunami and earthquake that destroyed the city of Tumaco on the Pacific Coast of Colombia. In the 
case of the latter, a sand bar covered with mangrove forest received most of the wave energy and was 
completely destroyed.

Much of the information on the sea defence of mangrove remains descriptive and anecdotal.  
Furthermore there are no easy applicable tools available for the assessment of wave protection by 
mangroves, and long-term data is often scarce.

Ewel et al. in 1998 pointed out that the amount of mangrove required to protect a shoreline depends 
on each area’s geomorphology and on the events’ frequency and intensity. Other coastal features 
that could influence the ecosystem’s protective role are water depth over plants, drainage systems, 
prevailing tides, distance to shore, wave characteristics, land use, soil characteristics, presence and 
frequency of disturbances, topography, slope, bathymetry, distance from source, distance to other 
ecosystems and exposure (Alongi, 2008; Walters et al., 2008; Mazda et al., 1997 and 2006; Massel et 
al., 1999; Hadi et al., 2003; Danielsen et al., 2005; Iverson and Prasad 2007; Vermaat and Thampanya, 
2006)

Although field evidence is scarce and widely debated, the theory behind wave energy dissipation 
suggests that surface friction (partly a function of size and density of vegetation structures) disperses 
wave energy.  The hydrological processes involved when waves, tides and currents interact with a 
mangrove forest are complex, but there are recent attempts to understand these processes (Furuwaka 
et al., 1997; Lewis, 2005).

There are certain key conditions/attributes that are thought to relate to the sea defence capacity 
of mangroves (see also Table 3): 

Mangrove forest width: 

Several reports, specifically in Asia, have outlined the minimum required width for a mangrove 
forests. Some countries such as the Philippines, Malaysia, Thailand and Vietnam have already 
regulated this width; in the Philippines a green belt of 20m acts as a buffer zone and reaches 50m 
in storm prone areas. In Vietnam along the Mekong Delta coastline a mangrove belt between 500 
and 1000m wide has been implemented for storm protection. In Malaysia regulation from the 1950s 
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Table 4. Impacts of natural disturbances to Coral Reefs ecosystems (please see end of review)

Up until the 1980s hurricanes did affect a coral reef ecosystem general health. Since 1990s 
Caribbean reefs decline rate is the same for those reefs impacted by hurricanes than for those reefs 
not impacted, meaning that currently there are other stressors defining the declination rates other 
than hurricanes (Gardner et al., 2005). 

Most comparable (before and after) information gathered on impacts of hurricanes in coral reefs in 
the Caribbean was from hurricane Andrew (1992) in Florida, Mitch in Central America (1998), and 
Allen (1980) in Jamaica.  Whilst impacts by hurricane Lenny (1999) in Bahia Chengue on the Caribbean 
coast of Colombia report similar damages; this area is not on the normal hurricane trajectory so 
current reefs structures have not been determined by the impact of this type of disturbances, as 
would be reefs along the Caribbean islands and Florida (Rodriguez-Ramirez and Garzon-Ferreira, 
2003). Post-event alterations on growth and structure of reefs have been reported in Martinique 
(Treml et al., 1997), reduction of particular species abundance in Florida (Lirman and Fong, 1997) 
and considerable cover reduction in Jamaica and in Virgin Islands after a series of hurricanes struck 
the islands (Rogers et al., 1997) 

Conditions or characteristics of reefs that influence the impact of storms include: natural variability, 
reefs’ health, composition, structure and geometry, continuity, area, width and bottom friction 
(Gardner et al., 2005; Brander et al. 2004; Sudmeier-Rieux, 2006; Lowe et al. 2005). Within each 
reef ecosystem different organisms show different life histories, growth rates, regeneration capacities 
and adaptations to the environment in which they live. These differences are also shown by each 
species capacity to respond to disturbances. Impacts on each coral community are very different from 
storm to storm, and not all individuals are impacted in the same way; for example, hurricane David 
produced 100% damage on all octocorals in some areas of Puerto Rico, but other species were not 
affected at all. Some Petreus corals (Millepora spp) have been reported to survive the same event in 
which other species of the same group have been depleted (Salazar-Vallejo, 2002).

A reef ’s capacity to protect shorelines during storms by dissipating wave energy depends on the 
local reef profile (depth, slope and shelf width (Woodley et al., 1981)), reef continuity (Sudmeier-Rieux, 
2006) and area (UNEP-WCMC, 2006).  In addition, the outer structure of the reef, the reef structure 
itself and the variation of topography along the reef strongly influence wave dispersion along the 
reef (Branders, 2004).  Sediment redistribution along coastal areas is related to terrace width. Broad 
terraces dissipate greater energy than narrow ones, hence wide reefs are likely to produce narrower 
beaches and wider beaches are normally found behind narrower reefs (Sheppard, 2005; Woodley et 
al., 1981).

Under normal circumstances on a healthy reef in Torres Strait, Warraber Island,Australia, sediment 
movement seems to occur only during extreme events. Day to day sediment movement occurs in the 
outer part of the reef or along the reef but rarely reaches the coastline (Brander et al. 2004).

The protective role of coral reefs is more evident during storm events and not so much in tsunamis 
(Cochard et al., 2008). However, reports from the Boxing day tsunami describe that in areas fringed 
by coral reefs run-up waves were only 2-3 m and reached 50m inland, whereas in areas without coral 
reefs the highest waves were 10m and run-up waves were 1.5 km (UNEP-WCMC 2006). The most 
common coral reef attributes impacted by natural disturbance, have been summarised in table 5 and 
are briefly discussed bellow:

Age: 

Age is related to the size of trees, their diameters and roots, which have also been related to stem 
density and species. Bigger and older trees are more resistant to wave damage (Otham, 1994; Massel 
et al., 1999; Mazda et al., 1997; Hadi et al., 2003; Danielsen et al., 2005; Alongi, 2008). Latief and Hadi 
(2008) has particularly related mangrove tree size and age to the ecosystem’s capacity to attenuate 
tsunami waves. 

Mangrove’s height: 

There are mixed interpretations of the importance of tree height, particularly because the friction 
cause by ground vegetation, roots and wide trunk diameters decreases towards the canopy top; 
however, most of these interpretations are related to a particular source of force or disturbance. Taller 
trees seem to suffer greater damage from wind; however taller mangrove trees also seem to be more 
resistant to wave energy. According to Mazda et al., (2006) bottom friction (provided by roots and 
pneumatophores) is less relevant with deeper water or greater wave height. Under such circumstances 
vertical configuration of leaves and their resistance starts playing a significant roles in wave energy 
dissipation.

Table 3. Ecosystems attributes influencing on mangroves protection role (please see end of review)

A very important issue for managers and decision makers to consider is the type of research 
leading to the above statements and information. Documents reviewed specifically for this section (20 
in total) were all produced in SE Asia, and at least half of them have been published after the Boxing 
Day tsunami in December 2004.  Studies are based on direct observation, on site measurements, not-
stated source, physical model simulations, reviews of other documents, regulation, and mathematical 
modelling. The latter has been the most common procedure to assess required ecosystem condition, 
based on in situ measurements, wave equation dynamics or lab experiments.

Restoration strategies aiming to achieve coastal protection should take all of the above points 
into consideration and acknowledge that tropical areas are prone to climate-related impacts, and 
that any coastal area is potentially vulnerable to a tsunami. Restoration programs should use sound 
information and research and work within each coast’s physical dynamic, topographic, and bathymetric 
constraints, taking the characteristics of potential disturbances as well as current and past land uses 
into account.

CoRAL REEFS 4.  

Hurricane and tsunami forces also impact coral reefs. Consequences to large disturbances can be 
extreme or negligible, depending on the nature of the disturbance, the scale of observation and other 
pressures upon the reefs. Damages observed caused by hurricanes and storms include detachment, 
overturning, breaking of branches, rolling over, abrasion and burial, and crushing by infrastructure. 
Indirect damages are related to sediment accumulation as well as water quality alteration, and both, 
although temporal, can severely damage reefs (Tilmant et al. 1994; Pimm et al., 1994; Gardner et al., 
2005; Rodriguez-Ramirez and Garzon-Ferreira, 2003.)
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Under the current circumstances of climate change, however mangrove forests must be recognised 
for their important role as coastal protection and carbon sinks. Both of these attributes have been 
overlooked in most research involving mangroves in the Neotropics.  Regional governments should 
continue monitoring, research, conservation and restoration programmes to encourage an increased 
knowledge base and help to quantify these key ecological functions.

The type of information on the relationship between ecosystems and disasters differs markedly 
between Asia and Latin America. Whereas in Asia several papers refer to the protective role of 
ecosystems during storms and tsunamic events (even prior to the Boxing Day tsunami), all papers 
found for the Americas relate to the damage suffered by ecosystems and do not refer to the protective 
role. This bias appears to reflect the availability of pre- and post-event data in the case of the Americas: 
Everglades National Park in Florida (hurricane Andrew), Los Haitises National park in Dominican 
Republic (hurricane George), Discovery bay in Jamaica (hurricane Allen) and some areas of Central 
America (hurricane Mitch) were all monitored prior to and after the hurricanes. 

This literature review will form part of a wider study on the assessment of coastal ecosystem 
vulnerability in tropical regions.

Water depth affects the impact to a disturbance on the reef; the greater the depth, the lower       ✶

 the impact. Equally, the depth of a reef plays an important role on its capacity to protect the  
 coast. Water depth also influences the propagation of waves along the reef (Sudmeier-Rieux,  
 2006; Barbier et al., 2008, Branders, 2004; Sheppard, 2005), the same concept also applied to  
 prevailing tides.

Several authors have discussed distance from the event as another key condition influencing a       ✶

 coral reefs’ capacity to protect shorelines as well as on the impacts of the event on reefs and  
 their capacity to respond and recover. Previous to hurricane Mitch a distance within 65km  
 was enough to cause severe damage to branching corals; during Mitch ecosystems located  
 almost 1000 km from its origin and 500 km from its stationary area were also severely  
 damaged (Woodly, 1992; Salazar-Vallejo, 2002)

Different species have a different resistance to currents and wave energy. Species located at       ✶

 the reef front resist greater wave energy than those located along lagoons and platform. A  
 coral reef ’s species distribution, geometry and ecology have been broadly discussed in several  
 texts.

Table 5. Physical and Ecological attributes influencing impacts of disturbance on coral reefs   

(please see end of review)

Gardner et al. (2005) and Salazar-Vallejo (2002) among others have discussed long term reefs’ 
capacity survival under current circumstances of climate change (sea level rise and raising sea 
temperatures), cyclones impacts, pollution, corals declination tendency, and anthropogenic pressures. 
Despite some reefs might not recover, and the general feeling is pessimistic; Salazar-Vallejo (2002), 
Rodrigues-Ramirez (2003) do report reefs that have recovered from recent severe disturbances in the 
Caribbean, particularly in areas under less anthropogenic pressures.

CoNCLUSIoNS5.  

This literature review has shown that despite the fact that coral reefs and mangrove forest play an 
important role in coastal protection during natural disturbances, this service is not only due to the 
presence of the forests and reefs and their biological interaction, but is also the consequence of the 
interaction between ecosystems, each specific area’s geomorphologic characteristics, and the nature 
and magnitude of the disturbance. For this reason, any mitigation program involving ecosystem 
restoration as a tool to protect communities from coastal hazards should be designed in accordance 
with each area’s slope, topography, bathymetry, drainage, coastal sediment dynamics and their 
interactions with the ecosystems, among other important attributes.

Existing literature has also established that some species respond differently to different 
disturbances, and no single species can be used as a response to all natural disturbances in coastal 
areas. Some species are more wind resistant, whilst others are more wave resistant, and yet other 
species, although less resistant, are needed to accelerate the ecosystem regeneration process.

Ecosystem restoration, as well as any other natural or artificial coastal defence mechanisms, should 
by no means stand alone in the prevention of natural disasters. Population awareness, presence of 
contingency plans, alarms and communication are very important tools for avoiding casualties in case 
of major events. Population awareness about risk areas, land use and natural resources exploitation 
policies are also key in order to diminish people’s vulnerability to disasters.
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TAbLES

Table 1. Impacts of hurricanes in the neotropics mangrove forests
Table 3. Ecosystems attributes influencing on mangroves protection role
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Table 5. Physical and Ecological attributes influencing impacts of disturbance on coral reefsTable 4. Impacts of natural disturbances to Coral Reefs ecosystems
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case sTuDy: 
 
DIsasTeR mITIgaTIon anD pRevenTIon 
ThRough ResToRaTIon of lITToRal 
vegeTaTIon, ampaRa DIsTRIcT, sRI lanka 
Prepared by the Mangrove Action Project, for the report ‘‘The Role of Environmental Management 
and Eco-Engineering in Disaster Risk Reduction and Climate Change Adaptation’’ (ProAct Network 
2008), available at www.proactnetwork.org

bACKGRoUND INFoRMATIoN1.  

This is a post tsunami mangrove rehabilitation project which also involves community capacity 
building and livelihood improvements. Sewalanka Foundation is in the final stage of implementing 
this 21 month project taking place at two lagoons in Ampara District on the Southeast coast of Sri 
Lanka.

32% of Sri Lanka’s estimated 20 million population live within the coastal zone. Over the past 
25 years, a lack of alternative livelihood sources or opportunities coupled with the overexploitation 
of resources has led to a rapid and significant environmental degradation. Traditional coastal 
management has focused on engineering solutions to curb immediate coastal erosion problems through 
the construction of protective structures. However, the lack of understanding of the dynamic nature 
and complex interrelationship among ecosystems and human activities in the coastal zone resulted 
in an escalation of coastal problems. A study in 1992 revealed that nearly 44% of the mangroves on 
the eastern shore were lost during the period 1981 to 1992 whilst 734 ha of salt marsh, which are a 
natural flood defence, were also destroyed. 

In addition, the 2004 Asian Tsunami affected heavy losses on coastal vegetation and its bio-
diversity.  Many areas of natural sea defences have been left incapacitated and the displacement of 
the natural coastline has left the area far more vulnerable to sea level rise and storm inundation.  
Within the Panama lagoon system approximately 40% of mangroves have suffered heavy damage 
with total damage occurring within the first 200-300m from the lagoon mouth with partial damage 
of those 300-500m from the mouth.  Within the Turkkovil lagoon system, the cover of mangroves 
and mangrove associates were lost from lagoon shorelines leading to increased erosion that has 
been exacerbated by the community.  Where before people would use specific entry points and store 
their boats in communal locations, with no natural 
forest cover on the waters edge people and cattle use 
every meter and are quickly eroding the sandy bank.  
Livestock grazing on mangroves further restricts the 
natural regeneration.

Figure 1. Boat launch entry points and livestock grazing 
are two obstacles to establishing thick continuous greenbelt 

buffers along the lagoon shoreline.
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Cyclones which had previously hit the east coast were another reason for planting mangroves to 
act as a buffer from tropical storms. Because the natural re-growth of vegetation in the area has been 
hindered by human, animal and environmental issues the restoration of littoral vegetation through 
this project is of vital importance.

Climate Change and Sea Level Rise 

 Sri Lanka has a coastline of 1585 km mainly areas of which are low lying and under threat 
from erosion. Accelerated erosion, salt-water inundation, floods and salt-water intrusion through the 
estuaries are expected to be aggravated in near future because of changing weather conditions and 
sea level rise. In the past changing weather patterns have caused unpredictable disasters in many 
parts of Sri Lanka. Droughts, floods, and associated land slides and cyclones are now becoming a 
common feature in the country.

Conflict 

The project areas are located in the conflict-affected area of east Sri Lanka.  These communities 
have less interaction with other parts of the country and poverty is widespread.  For example, Panama 
village has only one access road from the outside, which is often inaccessible, due to annual floods and 
the conflict situation. Largely confined to this location the community relies on local resources to 
supply their requirements for food, water, housing material, fuel and various other needs. Therefore, 
the natural resource base is of prime importance to the people for their livelihood and food security 
making them more vulnerable in the circumstances of natural disasters. 

PRojECT SCALE

3,955 individuals (the population of the project areas Panama North 1328, Sastrawela 837, 
Thirukkovil Palakuda 860, Tandiyadi 930) are expected to benefit from the project with 10km of 
Ampara District having coastal vegetation belts.  

PLANNING INSTITUTIoN, EXECUTING INSTITUTIoN, SUPPoRTING AGENCy

Sewalanka Foundation – Executing Agency     ✶

IUCN Sri Lanka –Supporting Research     ✶

Mangrove Action Project – Training and Technical Support     ✶

Diakonie Katastrophenhilfe, Germany - Funder (Disaster Prevention in the Context of Climate       ✶

 Change Programme)

Post-tsunami stories from Sri Lanka, India, Indonesia and Thailand reported less infrastructure 
damage and loss of human life led to an interest from governments, NGOs, development organizations 
and CBOs to rehabilitate coastal mangroves1,2,3,4.  In view of the above, the Government of Sri 
Lanka including the Central Environment Authority started promoting the idea of establishing a 
Green Belt and mangrove vegetation along the coast as it could bring about numerous benefits to the 
local community and to the coastal environment at large. Sewalanka Foundation has been piloting 
this initiative aiming at effective restoration and establishment of thick green vegetation (shelter belt) 
and mangrove vegetation along the lagoon shores and beach plants along the coast.  

In Ampara District the local Fisheries Societies and Sewalanka Foundation who had previously 
worked together gained financial assistance from Diakonie Katastrophenhilfe of Germany to 
rehabilitate mangroves in three lagoons in 2006.

hAzARDS

Vulnerability due to Tsunami Impacts on natural vegetation – The tsunami of 26 December 2004 
struck a relatively thin but long coastal area stretching over 1,000 km, or two thirds of the Sri Lanka’s 
coastline. The damage stretched from Jaffna in the north down the entire eastern and southern coast, 
and covered the west coast as far north of Colombo as Chilaw. About 88,500 houses were damaged; 
of which more than 50,000 were completely destroyed. The tsunami also damaged 24,000 boats 
(about 70% of the fishing fleet), and 11,000 businesses. Coastal infrastructure (roads, railway, power, 
telecommunication, water supply, fishing ports) was also significantly affected.  The Southeast coast 
of Sri Lanka was hit extremely hard by the tsunami with 10,436 deaths recorded in Ampara District 
alone, over a third of the entire country’s casualties of 30,229. 

 

Figure 2.. Tsunami damage to mangroves at Panama Lagoon, Ampara District, May 2006

The Tsunami uprooted large areas of mangrove, and killed many more, which were later removed 
by fishermen for firewood.  In areas, this has led to excessive bank erosion, which is now starting 
to eat away peoples land. In Thirukkovil the area of exposed bank is roughly 1 km in length and is 
of sandy soil so is at risk of further erosion during future flooding events. These exposed areas of 
banks leave the land and houses of local fishermen and their families in a very dangerous position, 
heavy rains and rough seas can both work to cause erosion of their lands and flood activity could be 
potentially disastrous.  
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From the major habitat and vegetation types within the Panama lagoon area, a total of  216 species 
of vertebrates belonging to 132 families were recorded. The vertebrate fauna of Panama represents 
about 18 % of the total vertebrate fauna recorded in Sri Lanka of which 10 species were found to be 
endemic while 19 are listed as nationally threatened.

Tirukkovil

Tirukkovil lagoon is made up of four small sub-lagoons that vary in salinity with the high saline 
areas being Palakuda and Paravia lagoon to the less saline back lagoons. Mangroves are generally 
thin fringing belts along the shoreline between 5 and 15m thick depending on location.  A total of 
149 vertebrate species were recorded from 75 families, 7 of which were endemic and 15 nationally 
threatened.

SoCIo-CULTURAL CoNDITIoNS

Panama

Panama village belongs to Lahugala Pradeshiya Sabha situated in Ampara district of eastern Sri 
Lanka, adjacent to the Kumana National Park. Altogether 1395 families and 5900 inhabitants live 
in the village, which is situated on the banks of the mouth of the Wila Oya River. The eastern side 
borders the coast and the inland side borders the Kumana National Park.  Three communities are 
present in this area (Sinhala, Tamil and Muslims) with the majority being Sinhala. 

Agriculture, fishing and tending livestock are the major livelihood activities in the village. The 
majority of the Panama population depends on agriculture for their livelihood and more than 90 % of 
the families’ main income is from it. Paddy cultivation contributes to 70% of the village’s total income 
and nearly 2000 acres are under cultivation. About 450 people are directly engaged in fishing (prawn, 
lagoon and sea fish) and about 100 families depend on lagoon fishing. In addition, hired labour and 
livestock provide considerable employment opportunities to the community. Women are engaged 
in minor income generating activities such as weaving coconut leaves for thatching and helping in 
fishing related activities. Very few people are employed in the government or the corporate sector.  Of 
the entire population, most of them can be categorized as living below the poverty line as they receive 
less than Rs. 2,000 (12 Euro) per month. Thereby 90% receive government assistance (Samurdhi 
recipients). Almost all households derive mangrove products such as firewood, wooden poles, and 
vegetables for their subsistence use.  

Tirukkovil

The primary livelihoods of Tirukkovil are subsistence lagoon fishing and agriculture. (waiting for 
additional information from a recent IUCN socio-economic study)

ECoSySTEM MEASURES APPLIED 

Rubble, dead wood and rubbish were removed from the planting sites. Where necessary the 
restoration of natural channels and waterways was undertaken to restore the natural hydrology of 
the area; for example, rubble cleared and sediment removed manually using mamoties. Badly eroded 
surfaces and banks were stabilised.  By the end of Feb 2008 a total of 20 000 mangrove seedlings 
were planted in Panama and 24 000 in Tirukkovil each covering an area of 4km by 30 m (0.12 km2). 

PRojECT DESCRIPTIoN2.  

Running for two years (Sept 2006 -May 2008) the primary aim of the project is to protect the 
selected coastal communities in Ampara District from potential negative impacts of global warming 
and future natural disasters through a program of restoring mangrove and coastal vegetation.  
Working with the active participation of communities in Panama and the Tirukkovil Lagoon system, 
the project will enhance the adaptive capacity of local communities to extreme climate events and sea 
level rise through interventions such as land use zonation and community management and restoration 
of degraded littoral vegetation. With assisted regeneration, mangroves and beach vegetation should 
have re-grown enough to offer significant coastal protection within 10 years and the accretion of sand 
and sediment should make a significant difference within 15 years.  Nurseries have been set up in both 
project locations and nursery managers trained and employed. Seeds and propagules are collected 
from the surrounding area or from other communities if there is a lack of local seeds. Restoration 
has taken the 6-step Ecological Mangrove Restoration (EMR) technique into consideration whereby 
planting only occurs in the correct hydrological zone where there is a lack of propagules which would 
limit natural regeneration. Planting is also intended to speed up the recover process to provide dense 
mangroves sooner.

LoCATIoN AND CoNDITIoNS 

The target areas in Ampara district are: 

Panama area (consisting of Panama North lagoon and Sastrawela lagoon)     ✶

Tirukkovil Lagoon system (made up of Palakuda, Paravai, Thandiyadi and Umithi lagoons).       ✶

Situated in the dry zone of Sri Lanka, the mean annual temperatures range from 25°C to 27°C.  
Mean annual rainfall is between 1500mm and 2000mm with most falling during the northeast 
monsoon (November to February).  

ECoLoGy

Panama 

Habitats include mangroves, salt marshes, flood plains, paddy fields, sand dunes, beaches, tropical 
thorn forest, tropical dry mixed evergreen forest, home gardens and chena cultivations. In total 
163 plant species, including 19 mangrove species, belonging to 67 families were recorded in the 
area. As the major habitat around the lagoon there are about 70 ha of mangroves surrounding the 
village. Avicennia marina is the dominant species with the other true mangrove species found being 
Rhizophora mucronata, Luminitcera racemosa and Bruguiera gymnorhiza as well as 15 associated 
mangrove species. The mangrove extends back between 10 and 25m before the incline of slope results 
in terrestrial communities taking over. Average tree density near the waters edge was roughly one 
tree every 2.5m2 while at the rear of the mangrove the plant density is much higher at roughly one 
tree every 1.2m2.  
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1 500 seedlings planted at Panama North; the seedlings are monitored, dead ones removed       ✶

 and vacancies filled.

Sept 07 – Nov 07 

15 000 seedlings planted in Panama North and 3000 in Tirukkovil     ✶

Sewalanka Study Tour to Thailand.  Attended by 10 members of Sewalanka staff, visits were       ✶

 made to the Krabi Ramsar site, Regional Mangrove Office in Phang Nga and Ranong  
 Mangrove Research Centre.  Attendees learnt about the ecology and current problems facing  
 Thai mangroves as well as attending a number of technical sessions on mangrove restoration  
 finally taking part in a mangrove restoration project in Ranong.

Dec 07 – Feb 08

21 000 seedlings planted in Tirukkovil     ✶

Workshop on Mangrove Restoration and Climate Change as part of the Tirukkovil School       ✶

 children Awareness Programme.  Held at AK/Vinayagapuran Maha Vidayalaya (school) on  
 27th Jan 2008.  110 children took part; the next training will take place in Panama in April  
 2008.

Beach Forest seedling collection from the southern coast.  Major varieties of Pandanus,       ✶

 Scaevola, and Casuarina seeds were collected 

RESULTS 3.  

The project is not due to end until May 2008.  As part of the project proposal Sewalanka plans to 
undertake an impact survey at each of the project sites so although there are few quantitative results 
at the moment these may be available in the future.

To date:

In total a 8km belt (30m depth) of mangroves has been planted in the project areas which involved 
the planting and raising of 44 000 mangrove seedlings.

The process of introducing beach vegetation has begun with 2 500 Pandanus seedlings being 
raised in nurseries to be planted in the future.

Timeline 

Sewalanka Foundation estimates that with assisted regeneration mangroves and beach vegetation 
should have re-grown enough to offer significant coastal protection within ten years; and the accretion 
of sand and sediment should make a significant difference within fifteen years. The re-establishment 
of coastal vegetation offers a permanent solution as long as the areas are not overexploited or 
degraded.

A few Pandanus seedlings have already been planted in beach locations in an attempt to create beach 
forest vegetation as seen in Calido Beach and a further 2500 seedlings are being raised in nurseries 
for future planting.

STARTING PoINT oF ThE PRojECT; MILESToNES

Sept 06- Nov 06

Stakeholder Identification and obtaining permissions from the relevant authorities     ✶

Community Awareness Sessions in Panama and Tirukkovil     ✶

Dec 06 – Feb 07

Village Social Profile and SWOT analysis completed and community capacity building needs       ✶

 identified.  Training in resource management and environmental awareness was identified as  
 priority areas in both communities.

Technical Training Course by the Mangrove Action Project and Robin Lewis.  Two workshops       ✶

 were run to introduce the concepts of Ecological Mangrove Restoration and community  
 management. The first was aimed at national level government staff, local NGOs and university  
 academics.  The second at community representatives, local government officials and field  
 level NGO staff and was translated into Sinhalese and Tamil.

Agreements signed with the Fisheries Cooperative Societies in each project area detailing       ✶

 agreement to work together to achieve this project

Two nurseries were constructed and seed collection began     ✶

March 07 – May 07

Socioeconomic and biodiversity surveys of Panama completed by IUCN and reports given to       ✶

 Sewalanka Foundation.

Mapping of planting area in Panama complete – Area to be planted 20-30m from lagoon       ✶

 inland along a 4km stretch

Site clearance and land preparation for planting at Panama North     ✶

3 500 Seedlings planted in Panama North, the seedlings are monitored, dead ones removed       ✶

 and vacancies filled.

Social Mobilisation and Training Need Assessment completed.  200 members from the       ✶

 Fisheries Association attended, 50% of attendees were women.

june 07- Aug 07

Evaluation visit from Dikaonie     ✶

Training on Mangrove Restoration run by Small Fishers Foundation held at Chilaw.  12       ✶

 members of the Panama and Tirukkovil communities including community leaders and  
 managers attended the training during which they were shown mangrove nurseries and how  
 to plant mangrove seedlings.

Exposure visit to Calido beach in Kalutara.  Beach vegetation was established in this area 15       ✶

 years ago by the Forestry Dept.  Seeds were collected to be raised in the nurseries and planted  
 along the beaches in the project area.
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IMPLEMENTATIoN CoSTS6.  

The budget secured for the Sewalanka project was US$ 157 000 with approx US$ 61 000 spent on 
training and community capacity building and the remaining US$ 96 000 spent on staff salaries and 
re-vegetation costs e.g. nursery construction, site preparation, baseline reports. 

The nursery manager’s salary will be paid throughout the project period, by the time the project 
draws to conclusion alternative income generation methods such as fisheries contribution will be in 
operation to continue funding his salary and the mangrove restoration process, thus increasing the 
sustainability of the project (ensuring sustainability will be a non cost item for this project).  

CARboN bENEFITS7.  

The managed mangroves of Matang in Peninsular Malaysia have been estimated to sequester 1.5 
tonnes of carbon per ha per year in the sediments7. The carbon benefits resulting from re-vegetation 
of the project areas has the potential of being measurable as the date of planting is known and it is 
probable that sediment deposited during the 2004 tsunami  will clearly demarcate organic carbon 
buried before and after the tsunami thus differentiating between carbon sequestered by the planted 
vegetation and the pre-tsunami mangroves. Since the total planting area is quite small (0.24 km2) 
the carbon sequestration factor is limited. Similarly, the planting of beach forest will take place in 
previously un-vegetated areas.  However, this is outside the scope of the current project.

CoNCLUSIoNS AND LESSoNS LEARNED8.  

Conclusions and lessons learnt are not currently available as the project is not due to end until 
May 2008.  Sewalanka Foundation will undertake an impact study six months after the end of the 
project.  

Sometimes where the actual rehabilitated area is relatively small or the mangrove width (tidal zone) 
limits the buffering capacity of fringing mangroves like in Sri Lanka the importance of mangrove 
rehabilitation for fisheries, (food & livelihood security), erosion control, nutrient filtering and for local 
resource use may have greater immediate importance than for natural disaster protection. 

SUSTAINAbILITy4.  

The planted mangrove / beach vegetation areas are not formally protected. Prior to the project, 
all stakeholders were consulted and gave their consent for the project; this was important as previous 
replanting schemes had failed due to failure to consult with livestock herders who used the area to 
graze their cattle. The project is a participatory project with Sewalanka Foundation working directly 
with communities through the local Fisheries Cooperatives. Sewalanka Foundation has worked 
with the cooperatives on previous occasions and throughout the project has focussed on community 
capacity building. Through awareness raising, education and training, the project aims for the local 
communities to take an active role in managing and protecting the restored mangrove areas as 
well as the wider environment. The reliance of the villagers on mangrove resources together with 
an awareness of the ecosystem’s importance for fisheries has led communities such as within the 
Tirukkovil lagoon system to plant mangrove seedlings in the past but often seedlings were planted 
in unsuitable areas and so failed.  By working on capacity building and improving the communities’ 
knowledge of restoration and nursery techniques the project hopes to provide local communities with 
the skills to become ‘wardens’ of the local environment. 

LIMITATIoNS oN ThE USE oF ECoSySTEMS IN ThIS PARTICULAR 5.  
hAzARD

A number of limitations on using mangrove ecosystems in Sri Lanka as DRR options in view of 
the hazards listed previously exist. These are as follows:

The mangrove in Sri Lanka are all fringing mangroves and as the tidal range is very low between 
0.4 and 0.6 m they typically extend 10 to 25 m before soils change and more terrestrial vegetation 
takes hold.  This means that the natural zone for mangroves in which they can become established 
is very limited.

Due to irrigation practices, there is increased freshwater runoff that is affecting the mangroves in 
some areas6. For example in the Tirukkovil lagoon system, the back lagoons are not saline enough 
to support mangroves.  Should the amount of freshwater entering the lagoons increase it is likely to 
lead to the degradation of the mangrove areas thereby reducing the DRR potential.

The planted vegetation needs to mature before it is able to offer significant risk reduction / storm 
attenuation. Sewalanka Foundation estimates that with the assisted vegetation techniques used during 
the project significant risk reduction from average storm conditions will occur within 6 years.

Due to the lack of alternative livelihood options (in part a result of the ongoing conflict in the 
region), the local communities are heavily dependent on natural resources including the mangrove 
resources. This dependence could lead to future degradation of the mangrove and beach vegetation 
for example through over harvesting.  However, in view of the participatory nature of the project, the 
interest of local communities involved in improving the coastal vegetation together with Sewalanka’s 
community capacity building and environmental education work through the project this hazard 
is likely to be less significant than if re-vegetation had taken place without consultation or active 
participation of local stakeholders.
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case sTuDy :  
 
DIsasTeR RIsk, lIvelIhooDs anD naTuRal 
baRRIeRs, sTRengThenIng DecIsIon-
makIng Tools foR DIsasTeR RIsk 
ReDucTIon, noRTheRn pakIsTan 
Prepared by IUCN Pakistan, for the report ‘‘The Role of Environmental Management and Eco-
Engineering in Disaster Risk Reduction and Climate Change Adaptation’’ (ProAct Network 2008), 
available at www.proactnetwork.org

bACKGRoUND INFoRMATIoN1.  

The October 8, 2005 earthquake (EQ), measuring 7.6 on the Richter scale led to around 73,000 
deaths and left thousands without adequate shelter and food to survive the harsh winter (Earthquake 
Reconstruction and Rehabilitation Authority, ERRA, 2006). The epicentre was in Neelum valley 
towards the north of Muzaffarabad, the capital city of Azad Jammu and Kashmir (AJK). Overall, AJK 
suffered badly from the EQ with approximately 90% damaged or completely destroyed buildings. 
Besides, a number of landslides, possibly close to 1,000, were triggered during the EQ affecting a 
large number of communities in surrounding steep mountain valleys. Landslides remain the greatest 
threat to communities during heavy rainfalls, especially in the monsoon (Geological Survey of 
Pakistan (GSP), 2007a).  

The project attempts to profile the effects of disaster in the Neelum Valley. The aim is to 
strengthen decision-making tools by identifying the main land use factors and strategies that affect 
the vulnerability of communities in the valley.  
The project studied the area with the help of 
satellite images, onground truthing, meetings 
with communities and government officials, 
using questionnaires and consulted official 
reports and other documents.

This was funded by the Geneva International 
Academic Network (GIAN) small grant 
programme. The grant was awarded to a 
consortium of partners lead by the Ecosystem 
Management Programme, IUCN, the Graduate 
Institute for Development Studies, Geneva, 
IUCN Pakistan, United Nations Environment 
Programme-Global Resource Information 
Database UNEP/GRID-EUROPE, Division of 
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The average rainfall for Muzaffarabad is 1 367 mm as recorded during 1995-2000, with 30-60% in 
the form of snowfall during December to February, above 2000m.  Monsoon occurs during July and 
August, and cloud bursts can bring as much rain as 100mm during one shower, causing significant 
damage as flash floods or debris flows. Intense rainfall patterns can be expected throughout the year 
with changing climatic conditions. During 1995-2000, the temperature ranged between 30 to 40° C 
during summers, and 0 to 10° C during winters (AJK P&D Department 2005).  

The area is situated in the pre-Himalayan zone, along the arc collision zones between the Main 
Karakorum Thrust and the Main Mantle Thrust (GSP 2007a). The earthquake was caused by 
the rupture of the northwest-southwest Muzaffarabad thrust fault (Bulmer et al. 2007). This can 
be considered as the result of interaction between three tectonic elements, including those of the 
Himalayas, Indo-Pakistani Shield and Salt Range, which are moving independently. The thrust zone 
has a north - northwest orientation and is largely covered by Murree Formation, which is a mix of 
sandstone, siltstone and shales, followed by the Abbottabad Formation of dolomitic limestone (GSP 
2007a, Schneider 2006). The Murree formation is characterized by impermeability and is susceptible 
to landslides due to rainfall (GSP 2007b).

RESULTS 3.  

The study confirms the hypothesis that landslide occurrence is higher on steep slopes, close to 
rivers, trail and fault lines and that it depends on geology types.  It also shows a positive role of forests 
in decreasing risk of landslides.  Given the broad resolution of the information used, this should, 
however, not be used for land use planning, but only for selecting areas where further detailed study 
should be conducted and type of information to be gathered. (Peduzzi 2007)  

Figure 1: Regression between observed and modeled areas of landslides

Early Warning and Assessment and the University of Lausanne / Faculty of Geosciences, Institute 
for Geomatics and Risk Analysis. 

PRojECT DESCRIPTIoN2.  

objECTIvES

1. Identify and analyse the damages and losses caused by the landslides triggered by the EQ in  
 the lower Neelum Valley

2. Examine natural and human-induced land use factors related to landslides in the valley

3. Estimate the role of forests as natural barriers to landslides

4. Examine community land use strategies that impact the vulnerability of communities in the  
 valley. Although this objective was intended for phase II, it was included in this phase.

LoCATIoN AND CoNDITIoNS

AJK, with an estimated population of 3.5 million, is considered a separate state under indirect 
control by Pakistan. The region has its own elected parliament, budget and government agencies 
but shares common foreign policy, currency and army with Pakistan. The economy of AJK depends 
mainly on exports, primarily to Pakistan in the form of timber and royalties from power generated 
by Mangla Dam. The dam and the headwaters of Neelum, Jhelum and Poonch rivers are strategically 
vital as they irrigate lower Pakistan’s agricultural economy. Sedimentation due to high soil erosion 
has already necessitated a large project to address this issue. Post EQ debris flows are expected to 
accelerate sedimentation. 

AJK is densely populated, 264 persons/km2, with an average family size of 7.2 members (AJK 
Planning and Development (P&D) Department, 2005). 88% of the region’s population is rural 
depending on natural resources, especially forests for fuel wood, timber, grazing and water.  AJK is 
situated in the pre-Himalayan hillsides and livelihoods have been carved out of steep hillsides where 
agriculture is possible on the lower hillsides, up to 3,000 m.  Approximately 42% of AJK has forest 
cover, while 13% is under cultivation and the remaining land is used mainly for grazing (AJK Forest 
Department, 2001). Presently, most of the lowland forests of AJK are degraded or entirely destroyed 
due to slow upward creep of deforestation for domestic use, grazing, or commercial logging (Ahmed 
and Mahmood 1998).

Agriculture is the key livelihood option and an income supplement for a major part of the AJK 
population. Variety of crops are grown, chiefly maize and wheat (on slope terraces) and rice (on lower 
slope terraces), together with a variety of vegetables and fruits. Livestock is also an important source 
of living for the AJK inhabitants. Common farm animals include chicken, buffalo, sheep and goats. In 
addition, remittances from the family members working in nearby towns, or abroad also is a major 
source of income. The literacy rate is in AJK is 66% for both men and women (AJK P&D Department 
2005).   
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Table 1: Land use surrounding landslides (multiple categories possible)

The above table shows the breakdown of land use surrounding landslides, for which data were 
collected for all sides of each landslide (north, east, west and south) therefore, multiple categories 
were possible.  Grazing and deforested areas dominate the entire study area, followed by terraces and 
habitation, strengthening the assessment of a highly densely populated area.  Ownership is largely 
private, or combined private and shamilat (state owned but privately managed land).  

At least three years period is required to establish effective disaster risk reduction.  It will be 
permanent solution. It includes reforestation and landslides stabilization. The protective role of forest 
is acknowledged at all the levels and the department has started efforts for mitigation measures.  The 
government has also given due importance to this sector and the Year 2007 was declared as “Year of 
Plantation” by the government of AJK.

The model achieved is solid (r = 0.74 and 54% of variance explained).

The variables selected are: 

 Type of geology     ✶

 Slopes     ✶

 Distance from fault     ✶

 Distance from rivers     ✶

 Distance from trails     ✶

The variables are independent from each-other: no auto-correlation is suspected.

The p-value of the parameters is much smaller than 0.05, meaning the confidence of selection is much 
higher than 95%.(Peduzzi 2007)

The study reveals that besides natural factors the human interference has also aggravated the 
disaster.  Some salient findings of the study are as following:

A majority of landslides surveyed are due to human-induced factors, especially deforestation 
and grazing, poor terracing and habitations located on exposed slopes and road construction, the 
remainder is related to proximity to rivers, steep slopes and geological features. 

The damage inferred by landslides in lower Neelum Valley is calculated around PKR 72 million       ✶

 (US$ 1 million), not including damage to the power supply, which amounted to PKR 238  
 million (US$ 3,5 million). This cost constitutes a significant economic setback to the  
 region, which could have been conceivably reduced, possibly with improved natural resources  
 management.

Crack zones are numerous and create a major risk factor during abundant rains that should be       ✶

 monitored, possibly at the community level. 

Risk perception of future landslides remains high in the villages surveyed.      ✶

Many survey participants were aware of the need to drain water away from cracks and       ✶

 landslides; however, few examples of drainage were observed. 

Communities have adapted to risk by abandoning exposed fields and houses and by       ✶

 reconstructing houses per ERRA’s standards (use of light material for construction). Also,  
 they may be forced to cultivate exposed fields as relief assistance dwindles.  

Most families are staying in villages, even if risks are high and usually due to lack of relocation       ✶

 options. 

Due to the damage caused by the EQ, particularly landslides, arable land was reduced. Also,       ✶

 income from other sources reduced such as men who migrated for work to other areas returned  
 to their villages to reconstruct their houses. 
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Land degradation has been most rampant on the state forest lands, where encroachment, the 
illicit removal of trees has been rampant, and state control is limited (Poffenberger 2000). The 
local population has not been included in decision-making over these lands, which experienced the 
least successful attempts at reforestation, as compared to shamilat and private lands (IUCNP AJK 
coordinator, personal communication 2007). 

The foregoing table “ Land use surrounding landslides (multiple categories possible)” shows that 
damage was more in privately owned lands than forests which are state owned land. The private 
lands have less trees than the state land.

IMPLEMENTATIoN CoSTS6.  

According to the initial estimates prepared by the Department of Forest, AJK it will take three 
years for the rehabilitation of damaged forest and the estimated cost will be PKR 1 million (US$ 
17 million). After initial rehabilitation, the maintenance will be done by the department with its 
regular budget.  The rehabilitation programme focuses on both hard and soft components, including 
vegetative and engineering structures. The hard engineering structures include diversion channels, 
retaining  walls, check dams, etc.

Reforestation is carried out under general programme at state level but the rehabilitation projects 
are in addition to general programme in the earthquake -affected areas. Reforestation will be financed 
by AJK government.

CARboN bENEFITS7.  

Carbon benefits in terms of air quality monitoring can be measured. Also, the study has 
emphasised on the role of vegetative cover and protected forests to address the landslide issue. The 
recommendations of this study, if implemented by the government, would result in increasing the 
vegetative cover and forest area in AJK, which would lead to carbon sequestration in the region.   

Total area to be reforested is 7 500 ha of conifers and broad leaved species of the localities.

CoNCLUSIoNS AND LESSoNS LEARNED8.  

Natural disasters in mountains such as in Kashmir 2005 require an understanding of the 
underlying causes in order to design effective risk reduction programmes. For developing countries, 
the underlying causes of debris flows are certainly linked to problems of economic development, 
poverty and resource degradation. The goal of this study was to understand how to strengthen tools 
for decision-making for disaster risk reduction. Toward this goal, our objectives were to examine the 
links between land use and debris flows using satellite images, landslide susceptibility modelling and 

SUSTAINAbILITy4.  

Ecosystem management can be helpful in disaster risk reduction only if it is adopted on sustainable 
basis. The sustainability can be ensured with active participation of communities in decision making, 
planning, implementation, monitoring and evaluation process.  In addition to it distribution of benefits 
between state and communities will create the sense of ownership among the communities and will 
provide them benefits also. In AJK emphasis has been given to community participation for the last 15 
years and is still continuing which is an indicator that in future same will continue and interventions 
will sustain.

LIMITATIoNS oN ThE USE oF ECoSySTEMS IN ThIS PARTICULAR 5.  
hAzARD

The limitations to use ecosystems are many; including the topography and geology of the area 
making the ecosystem fragile due to increased population pressure or natural hazards. The ownership 
pattern is also another issue making the ecosystem vulnerable. As such the land tenure in AJK falls 
into five broad categories:

Private lands: These are usually obtained through inheritance or purchase, constituting 50-55% of 
the total land.  

Shamilat: These were owned by the state. Historically, they were set apart for joint possession by 
a village for pasture, graveyards, woodlots or water facilities (Cernea 1989). Over time, land has 
been given by the village or appropriated for use by families. Thus previously communal lands have 
become privately managed communal lands, now used primarily for grazing or wood collection. 
These constitute 25% of the area.

State forest lands or demarcated forests:  This is 10% of the overall area and the property of 
state under the Forest Department’s control. Concessions include grazing, dead fire-wood collection, 
timber for house construction, lopping of certain trees for fodder and agricultural implements, 
grass cutting, torchwood extraction from stumps, free collection of fallen trees of less than four 
feet circumference except deodar, timber for mosques and other religious buildings, collection of 
medicinal plants for domestic use (other than those for which contract or lease has been approved), 
collection of thatching material and collection of fruit and nuts (Poffenberger 2000, and local Land 
Registrar, patwari personal communication, 2007).  

Khalsa Land: This is state owned land under the control of revenue department, which may be 
forested or bare. The land can be handed over to any department for official use or allotted to landless 
individuals. Khalsa lands constitute 7% of all overall area.  

State-owned grasslands: These are also state property traditionally reserved for army to provide 
mule fodder. Currently, the army is handing over the land to the government, which will be further 
transferred to the Revenue or Forest departments. These grasslands constitute approximately 3% of 
the area.
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on-site data collection, including a socio-economic exploratory survey of risk perception and land use 
strategies. This interdisciplinary approach to assessing landslides offers policy makers a more holistic 
picture of the underlying causes of landslides and an improved basis for designing a sustainable 
disaster risk reduction strategy.

Recommendations include the need to work with communities in establishing locally-adapted 
monitoring, mitigation and early warning systems; free or low-cost satellite images and GIS software, 
made readily available by donors and international organizations following natural disasters.  GIS-
based tools are essential for a spatial understanding of hazards; and data collection on landslides 
should go beyond geology to include land use, ownership and economic damage to provide a larger 
perspective on causes and mitigation options. 

The study demonstrated a strong link between vegetative cover, ownership and management 
regime, terracing, road construction and debris flows.  It is highest in the deforested area used as 
grazing field followed by terraces, habitations and then forested area as indicated in the foregoing 
table. The policy implications are clear: a need to include improved resource management into risk 
reduction strategies, awareness and incentives for private owners to participate in increasing vegetative 
cover.  Road construction is another major source of slope destabilization and any plans for new roads 
need to include proper grading and locally adapted techniques for slope stabilization such as placing 
vegetative mesh, combined with soil stabilizing plants.  The role of protective forests, which are 
firmly established in some European countries, should be examined as cost effective natural barriers 
to disaster risk reduction in mountainous areas.  The department of Forest of AJK is promoting 
biological measures for controlling landslides. The government of AJK declared the year 2007 as 
“Year of Plantation” due to importance of the forests and their role that they play for protection of 
land is being emphasized.  

Of particular difficulty is the challenge of prevention. Unfortunately, history has proven that 
institutional and behavioural change is most likely to occur as a result of some type of shock, making 
prevention extremely difficult to implement. This is the challenge of governments, international 
organizations such as ISDR, UNEP, IUCN and donors – to act in the long-term and to push for 
prevention before disaster strikes. We hope that the study we have presented here adds to the growing 
literature on the need for preventive measures in mountainous regions: in particular improved natural 
resources management, adapted road building, monitoring and awareness building about mountain 
hazards.  To this end, making tools such as satellite images, GIS software and training available to 
decision-makers and planners in disaster-prone regions may contribute significantly toward disaster 
risk reduction.
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case sTuDy:  
 
slope sTabIlITy: benefITs of foResT 
vegeTaTIon In cenTRal Japan 

Prepared by Dr Roy Sidle, Disaster Prevention Research Institute, Kyoto University, japan, for the 
report ‘‘The Role of Environmental Management and Eco-Engineering in Disaster Risk Reduction 
and Climate Change Adaptation’’ (ProAct Network 2008), available at www.proactnetwork.org

bACKGRoUND INFoRMATIoN1.  

Much controversy and confusion exists related to the role that woody vegetation plays in stabilizing 
hillslopes. A clear understanding of the benefits of woody vegetation and the conditions under which 
it can and cannot stabilize hillslopes are essential for planning revegetation projects in unstable areas 
and managing existing forests in a sustainable manner. What has been lacking in most previous 
studies is a long-term perspective on the effects of forest cutting and regeneration on slope stability 
with an area of similar geology, soils, and climate. Here landslides are examined over a 40-year period 
in the relatively small, unstable catchment in central Japan. This case study is unique because soils, 
lithologies, rainfall, vegetation type, and slope conditions are very similar throughout the catchment, 
and 95% of the area has been harvested for timber production at various times within smaller sub-
catchments with accurate records dating back to 1912.  

Woody vegetation, particularly trees, can stabilize hillslopes in two ways: (1) modifying the soil 
moisture regime through evapotranspiration processes; and (2) providing root cohesion to the soil 
mantle. The first factor is generally not very important for shallow landslides and debris flows 
that occur during an extended rainy season, except possibly in the tropics and sub-tropics where 
evapotranspiration is high throughout the year (Sidle and Ochiai, 2006). In most temperate regions, 
soils are nearly saturated and evapotranspiration is low during autumn and winter rainstorms when 
slope failures typically occur, thus, soil water content is only minimally affected by the small water 
losses attributed to evapotranspiration (Sidle et al., 1985). A study on Vancouver Island, British 
Columbia revealed that reduced evapotranspiration following logging may increase pore water 
pressures during moderate-sized winter storms, but for the large storms in which landslides generally 
occur, differences in pore water pressure due to logging were difficult to detect (Dhakal and Sidle, 
2004). However, evapotranspiration facilitated by trees could extend the “window of susceptibility” 
for shallow landslides and debris flows if a large storm occurred near the beginning or end of the 
rainy season (Megahan, 1983; Sidle et al., 1985). Also, when large and high intensity storms occur 
during drier conditions, evapotranspiration may reduce the susceptibility to landsliding (Sidle 
and Ochiai, 2006). Depth of rooting also affects soil moisture depletion; deep-rooted species can 
sustain maximum transpiration rates for greater durations, thus drying the soil at greater depths 
compared to shallow-rooted vegetation (McNaughton and Jarvis, 1983). The benefits of such deeper 
soil water withdrawals on landslide susceptibility have not been investigated, but could alter the 
timing and reduce the movement of deep-seated landslides in the tropics where evapotranspiration is 
high year-round (Sidle and Ochiai, 2006). Conifer trees can also modify the soil moisture regime by 



44

sl
o

pe
 s

Ta
bI

lI
Ty

: b
en

ef
IT

s 
o

f 
fo

Re
sT

 v
eg

eT
aT

Io
n

 In
 c

en
TR

a
l 

Ja
pa

n

45

slo
pe sTa

bIlITy: ben
efITs o

f fo
ResT v

eg
eTaTIo

n
 In

 cen
TRa

l Ja
pa

n

The project detailed herein was conducted while the author was employed as a Professor at Disaster 
Prevention Research Institute, Kyoto University, Japan, and was partly funded by a grant from the 
Japanese Society for the Promotion of Science. The land owner, Sanko Forestry Company, gratefully 
provided access into this catchment area and supplied records of past timber harvesting.   

Figure 1. Conceptual changes in root strength after clearcut timber harvesting. Root decay and recovery 

curves are based on numerous data worldwide compiled by Sidle (1991, 1992). Net rooting strength is the 

sum of the decay and recovery curves. 

PRojECT DESCRIPTIoN2.  

The principle objective of the project was to quantitatively assess the effects of different forest 
stand ages on landslide frequency and sediment production from landslides. Associated with this 
major study objective is the application of knowledge gained to other forest management systems, 
such as reforestation of degraded lands and sustainable forestry management alternatives for unstable 
terrain.  

This study was conducted within the 8.5 km2 Sanko catchment, in southwestern Nara Prefecture, 
central Japan (Figure 2). This catchment is within the headwaters of Kanno River, a tributary of the 
larger Kumano River. Elevation within Sanko catchment ranges from 750 to 1372 m above sea level 
and slopes are steep (typical gradients 30˚–50˚) and relatively uniform throughout the catchment. 
The overall catchment is comprised of many smaller elongated and narrow sub-catchments of similar 
size (Figures 2 and 3). Annual rainfall is about 2500 mm, with heavy rainfall occurring during the 
Baiu season (June and part of July) and autumn typhoon season. Winter snowfall occurs at higher 
elevations within the catchment, but precipitation from December to February is only about 10% of 
total annual precipitation and typically does not contribute to landslide processes. Surface geology in 
the area consists of sandstone and claystone and is relatively homogeneous throughout the catchment. 
Soils are shallow cambisols, typically ranging from 0.5 to 1.0 m in depth.

The entire area is owned by Sanko Forestry and has been continuously managed since 1912. While 
the catchment is uninhabited, forest managers and laborers frequently work in this area. About 95% 

interception and subsequent evaporation of snow from canopies; this reduces the recharge of water 
into soil during snowmelt (Golding and Swanson, 1986). Thus, areas without forest cover would have 
deeper snowpacks than if conifer forests were in place and this greater snow accumulation could 
raise shallow groundwater levels during snowmelt, thereby increasing the probability of landslides 
(Megahan, 1983). Additionally, the timing of snowmelt would generally occur later with conifer cover 
than without conifer cover (Sidle and Ochiai, 2006).  

A more significant contribution of woody vegetation to the stability of hillslopes is the additional 
strength imparted within the soil mantle by root systems. In shallow soils, tree roots may penetrate 
the entire soil mantle and anchor the soil into more stable substrate (e.g., Wu et al., 1979). Dense lateral 
root systems in the upper soil horizons form a membrane that stabilizes the soil (e.g., Schmidt et al., 
2001), and larger tree roots can provide reinforcement across planes of weakness along the flanks 
of potential slope failures (Sidle et al., 1985). As such, the contribution of roots to soil strength has 
been considered as an additive cohesion component by numerous investigators (e.g., O’Loughlin and 
Watson, 1979; Abe and Ziemer, 1991; Sidle, 1991). Additionally, tree trunks may provide arching and 
buttressing support within the soil (Gray and Megahan, 1981). Most of this field and experimental 
evidence suggests that root strength contributes significantly to the reinforcement of shallow soil 
mantles (i.e., < 1 to 2 m deep), but does not significantly affect deeper (> 5 m depth) landslides.

Only cursory evidence has been presentation for cases where tress may actually destabilize 
soils; most of these cases are very site specific and speculative. While root systems and organic 
matter from canopies support high infiltration rates in forest soils, there is no evidence that such 
natural mechanisms promote landslide occurrence by increasing soil moisture. Tree root systems 
often enhance the drainage of hillslopes via preferential flow paths, thus dissipating accretions in 
pore water pressure that could induce landslides (Chandler and Bisogni, 1999; Sidle et al., 2001). In 
certain isolated cases, trees may impose mechanical instability on slopes because of the effect of their 
weight and wind shear (Thorne, 1990; Millard, 2003). Generally, environments susceptible to such 
slope failures (e.g., oversteepened river banks, exposed ridgelines near canopy openings) can be easily 
identified and managed accordingly.    

 Past studies of the effects of timber harvesting (particularly clearcutting) provide insights 
into the benefits of reforestation of unstable sites. Field investigations in various areas of the Pacific 
Rim found that landslide rates increased by 2 to more than 10 times during the period of 3 to 15 years 
after clearcut timber harvesting (Bishop and Stevens, 1964; Endo and Tsuruta, 1969; O’Loughlin 
and Pearce, 1976; Megahan et. al., 1978; Wu and Sidle, 1995; Jakob, 2000). This increase in landslide 
frequency and volume is related to the period of minimum rooting strength after clearcutting and 
prior to substantial forest regeneration (Figure 1). Such empirical field findings have been supported 
by research on mechanical straining tests of roots, both in the laboratory and in the field (Burroughs 
and Thomas, 1977; Ziemer and Swanston, 1977; Wu et al., 1979; Abe and Ziemer, 1991), as well 
as uprooting tests in the field (Kitamura and Namba, 1981; Phillips and Watson, 1994). During 
storms or intense periods of snowmelt when hillslope soils are in a tenuous state of equilibrium, the 
reinforcement from woody roots may provide the critical difference between stable and unstable site 
conditions, especially when soils are partly or completely saturated (Sidle, 1992). However, most of 
these field investigations have spanned areas of different soils and even lithologies, not to mention 
climate and vegetation conditions. Furthermore the length of most of these studies is not sufficient 
to remove the confounding effects of temporal climate patterns. Thus, a long-term perspective on 
the interactions of forest vegetation and slope stability is needed in an area with similar topography, 
geology, soils, and climate to confirm these prior empirical observations. 
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aerial photographs. All failures on hillslopes were designated as landslides and all in-channel mass 
movements were considered debris flows.

Figure 3. Photograph showing several of the small, elongated subcatchments within Sanko catchment. 

Recent and past landslides and debris flows are evident.

 

Volumes of eleven landslides were measured in the field to develop an approximate volume-area 
relationship for landslides within the catchment. The sampled landslides varied in size from 50 to 
4000 m2 covering the range of areas of most landslides in the catchment as identified by aerial 
photograph investigations. This relationship was used to estimate landslide volume from landslide 
area obtained by aerial photograph interpretations (Figure 4).

Figure 4. Relationship between landslide area and volume based on field investigations of 11 landslides 

of various sizes. Relationship is: V = 0.19 A1.19 where V is landslide volume (m3) and A is landslide area 

(m2); R2 = 0.85.

of the catchment has been converted to Japanese cedar (sugi) with minor amounts of hinoki (Japanese 
cypress); the remaining area is secondary broadleaf forests, forest roads, and log landings. Landslides 
from these minor landscape features were not considered in this investigation because of their unique 
topographic locations. Since 1912, only clear-cut harvesting has been practiced within this catchment, 
and replanting typically occurs one or two years after logging. Both the sugi and hinoki forests 
are managed on rotation intervals of about 80 years. The forest management unit consists almost 
exclusively of the small (several hectare) subwatersheds (Figure 3). As such, there consists a unique 
mosaic of different ages of regenerating forest stands (representing different periods of clearcutting) 
that have experienced a wide range of rainfall conditions (that would trigger the landslides). Thus, 
by averaging landslides rates within various age classes of similar forest stands for long periods, the 
effect of rainfall episodes can be minimized related to assessing the effects of forest harvesting on 
landslide initiation. Because only low-impact, skyline logging has been conducted, we expect that 
timber yarding did not affect the occurrence of many landslides (e.g., Roberts et al., 2004). The older 
sugi and hinoki forests, which were replanted from 1912 to 1916, are considered here as control areas. 
These forests occupy about 9% of the entire catchment. The impact of logging in these older forest 
stands is assumed to be negligible. 

Figure 2. Map of the Sanko catchment in southwestern Nara Prefecture, Japan (from Imaizumi et al., 

2008). 

To assess the long-term effects of clearcutting on landslide occurrence in Sanko catchment, aerial 
photographs for ten different years (1964, 1965, 1967, 1971, 1976, 1984, 1989, 1994, 1998, and 2003) 
were analyzed. Both the location and area of landslides and debris flows within the various sub-
catchments were determined. Because most of the aerial photographs were taken in March (before 
the Baiu season) almost all of the landslides and debris flows identified by aerial-photo stereographs 
likely occurred prior to December of the previous year (i.e., during the summer Baiu or autumn 
typhoon seasons). Landslides and debris flows for each interval were assessed by comparing successive 
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Table 1. Comparison of both landslide frequency and sediment supply from landslides in forests that 

were recently clearcut (age 1 – 10 years) and those which were harvested 26 – 40 years prior (modified 

after Imaizumi et al., 2008).

 

The frequency of landslides was also assessed for different slope gradient categories in both 
recently clearcut (1 – 10 years previously) forests and older (26 – 40 years ago) clearcuts. These 
findings showed large increases in landslide frequency in younger clearcuts for all slope gradient 
categories, especially on slopes steeper than 30° (Figure 6).

Figure 6. Landslide frequencies for various slope gradient categories in recently clearcut (1 -10 year ago) 

and 25 -40 year old forests (after Imaizumi et al., 2008). 

SUSTAINAbILITy4.  

The findings of this case study have important implications for sediment hazard reduction in 
unstable areas where forest cover has been converted to other vegetation types with weaker rooting 
systems (e.g., pasture, agricultural crops, exotic plantations). Such cases are currently prominent in 
developing nations of Southeast and East Asia, Africa, and Latin America. Such land conversion 
scenarios have great impact on landslide susceptibility in steep terrain compared to careful and long-
term planning of forest harvesting. The short-term benefits associated with growing agricultural 
crops and exotic plantations on steep slopes that are realized by rural residents in developing regions 
are strongly outweighed by the long-term declines in site productivity and increases in erosion, both 
surface erosion and landslides (Sidle et al., 2006). This case study clearly shows that forest cover can 
reduce landslide erosion by a factor of 4-5 compared to sites without substantial tree root strength. 

RESULTS3.  

To evaluate the effect of time since clearcutting on landslide frequency and volume of sediment 
produced, volumes and numbers of landslides were divided by the respective land area associated with 
successive 5-year intervals of timber harvesting – landslide time categories. The sediment supply 
is then the annual volume of new (or expanded) landslides divided by the area related to each time 
category. Sediment supply rate is at a maximum 6 to 10 years after timber harvesting, while the 
frequency of landslides is at a maximum 1 to 5 years after harvesting (Figure 5). Furthermore, the 
rates of both sediment supply and landslide frequency remain substantially higher than pre-logging 
rates for up through 21 to 25 years after clearcutting. These values correspond well with previously 
estimated effects of increased landslide susceptibility – i.e., a ‘window’ of about 3 to 15 years after 
harvesting when sites are more susceptible to landsliding. Total landslide volume per unit area in 
forests that were harvested from 0 to 25 years prior to the aerial photo identification was 4.46 times 
higher than similar landslide volumes in clearcuts that were greater than 25 years old. 

Thus, the effects of clearcutting in the sugi and hinoki forests in Sanko catchment appear to 
disappear within 25 years after harvesting with increasing root strength of regenerating stands. 
Assuming that landslides frequencies and sediment supply rates from landslides in forests older than 
25 years represent recovered conditions, a ratio of increase can be calculated for the most susceptible 
period (1 to 10 years after clearcutting) for different landslide volume classes (Table 1). The largest 
increase in both landslide frequency and sediment supply rates occurred for landslides smaller than 
100 m3 (7.5 - fold and 7.0 - fold, respectively). The smallest increases in landslide frequency and 
sediment supply rates in the first 10 years after clearcutting was observed for landslides larger than 
200 m3: 3.4 - and 2.5 - fold increases, respectively (Table 1). Thus, it is apparent that trees provided 
the greatest stability benefits against smaller landslides. Since such landslides are the most numerous 
worldwide (Sidle and Ochiai, 2006), this is an important benefit of forest vegetation in controlling 
sediment releases in catchments. For all landslide size categories combined, the ratio of landslide 
frequency between forests 1 – 10 years in age and those 26 – 40 years in age was 6.3; this ratio was 
4.2 for sediment supply rate.

Figure 5. Frequency of landslides and sediment supply rate from new and expanded landslides for different 

time periods after clearcutting (modified from Imaizumi et al., 2008). 
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CoNCLUSIoNS AND LESSoNS LEARNED7.  

It is clear that forest cover provides the most effective protection against shallow landslides 
compared to all other types of vegetation. The maintenance of that cover can be achieved with careful 
management objectives that will allow land owners to derive economic benefits from the forests. 
While clearcutting has the greatest impacts on slope stability of all silvicultural practices, it can still 
be successfully executed providing that leave areas be established in particularly susceptible sites like 
steep slopes (e.g., > 40°) and concave slope depressions (hollows) that accumulate subsurface water. 
The harvested portion of the forest will be more susceptible to shallow landsliding for a period of 
about 3 to 20 years after clearcutting (particularly the first 3-10 years), but the utilization of leave 
areas will greatly reduce the overall landslide vulnerability. Additionally, other silvicultural practices 
can be employed (e.g., partial cutting) that will retain more root strength on hillsides and thus further 
reduce the impact of harvesting on landslide initiation. Benefits of forest cover related to deep-seated 
landslides are not so great, except possibly in the tropics. 

In this case study, older forest vegetation with mature root systems reduced landslide erosion 
and sediment delivery to streams by 4 to 5-fold compared to young forests with little root strength. 
These findings are significant as this is one of the only studies which took a long-term perspective 
of landslide initiation in a contiguous area of similar topography, soils, geology, and climate. These 
reported differences would be even greater for scenarios where forests in similar terrain were 
converted to agricultural crops or exotic plantations with little root strength. And the effects would 
persist as long as the converted vegetation was in place, not the 3-20 year ‘window’ of susceptibility 
typical of managed forests. Thus, substantial benefits can be achieved by reforestation of steep terrain 
that has already been converted to cropland or exotic plantations. 

It should be noted that the important issue of road-related landslides was not addressed herein, as 
the focus of this study was to assess the benefits of forest vegetation on slope stability. In any project 
that attempts to reduce the overall effects of land management practices on landslide initiation, 
mountain roads must be considered as they represent the most prodigious source of landslide erosion 
per unit area impacted (Sidle and Ochiai, 2006). Combining sustainable forest management practices 
together with stable and well-maintained road locations is the best combination to reduce overall 
landslide hazards and associated sediment losses to streams. 

These benefits appear to be primarily associated with reducing the frequency of smaller landslides. 
By establishing forests in steep terrain (which were formerly forested), we can regain the originally 
stability of the land and gradually build up soil organic matter to prevent surface erosion and runoff. 
Once forests are successfully established on such lands, it is possible to manage them to support local 
incomes. Of course harvesting large blocks of trees will increase the susceptibility of landslides for a 
period of about 3 to 20 years after cutting (mostly during the first 10 years), but if other silvicultural 
practices are employed (e.g., partial cutting, leave areas in the steepest and most susceptible terrain), 
landslide erosion can be dramatically reduced (e.g., Sidle and Wu, 1999). 

LIMITATIoNS oN ThE USE oF ECoSySTEMS IN ThIS PARTICULAR 5.  
hAzARD

A major limitation to achieve successful reforestation of unstable lands in developing nations is 
dealing with the poverty cycle that land users are caught up in. An example is the situation in Sumber 
Jaya, Sumatra, where current residents were forced to transmigrate from Java during the Suharto 
regime several decades ago. Many of these people were coffee farmers and brought with them their 
original methods of monoculture coffee farming from Java where they cleared the soil surface in flat 
areas and established coffee plantations. These practices in the steep terrain of Sumber Jaya enhance 
runoff, surface erosion, and even cause landslides (Sidle et al., 2006); however, the residents wanted 
to earn more short-term income from coffee plantations than they could derive from the native 
rainforest. When coffee prices precipitously declined during the past decade due to the flooding 
of coffee markets by Vietnam, the farmers in Sumber Jaya could no longer sustain the profits they 
anticipated and subsequently started to convert coffee plantations on steep hillsides to vegetable 
gardens. These gardens have even more dire consequences for runoff, erosion, and landslides, not to 
mention the extensive site disturbance needed to remove coffee trees and establish vegetable crops. 
In such cases it is necessary for government agencies and international donors to step in and support 
sustainable forestry and reforestation programs. To control landslides and promote sustainability, it 
is necessary for governments to take a long-term, practical view of the projected demand for forest 
products and recognizing how this can be best realized by planning forest harvesting in the most 
sustainable manner (Sidle et al., 2006). Such schemes need to supply farmers with short-term subsidies 
or incomes in the interim while forests establish to break this vicious cycle. 

CARboN bENEFITS6.  

Any reforestation scheme has carbon benefits based to the dynamic sequestration of carbon in root 
biomass, soils, and above ground biomass. For degraded lands, this benefit may accrue for some time 
as carbon stocks in soil accumulate; however, the benefit will be greatest during the initial cycle of tree 
establishment. Some releases in carbon to the atmosphere will occur later during the decomposition 
of organic materials on the forest floor, but these will be outweighed by carbon sequestered in tree 
biomass production and the photosynthetic process. 
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Figure 1: Klosters, Switzerland. 24th April 2008.  Left:  Deposits of a large wet snow avalanche. The forest 

in the lower left foreground was destroyed by the avalanche.  The starting zone is not forested. Buildings 

are located to the right of the deposits.   Right: Detail of the damaged forest illustrating the tremendous 

shear forces exerted by the avalanche flow. 

PRojECT DESCRIPTIoN2.  

In October 2004 the Swiss Federal Office for the Environment (FOEN), Berne, asked the Research 
Institute for Forest, Snow and Landscape Research (WSL) to develop a method to quantify the protective 
capacity of mountain forests against snow avalanches. The results of the project, named SilvaProtect, 
would be used to estimate the economic worth of the forests and would serve as a basis to distribute 
federal funding to the Cantons. In a first project phase the method was to be tested in several well 
defined test regions, scattered throughout Switzerland.  Validation of the method was essential. The 
method was then applied operationally to 30 regions in Switzerland (Figure 2). The project was part 
of a much larger attempt by the federal government to assess the function of mountain forest against 

all gravitational driven mountain hazards, including rockfalls and hydrologically driven movements 
such as debris flows and shallow landslides.  

Figure 2: In the project SilvaProtect, the protective capacity of mountain forests was determined in 30 

regions shown above. The total area covered 28 000 km2. 

The Swiss federal government divides mountain forests into two basic categories:

Forests with primary defence function     ✶

Forests with normal defence function     ✶

For a forest to be classified as “primary” the following three criterions must be met:

A potential avalanche release zone must exist;      ✶

A massive damage potential to humans and infrastructure must be present;     ✶

A forest must contribute to reduction of the danger.     ✶

Forests that do not meet one of the first two requirements are classified as “normal”. To identify 
protective forests with primary defence function meant that the research project had to resolve three 
fundamental problems in natural hazard research:

ThE DISPoSITIoN PRobLEM  

A method must be developed to automatically determine the location and size of avalanche release 
zones.  Avalanche formation is strongly dependent on terrain features, primarily the slope angle. In 
non-forested terrain the lower limit for dry snow avalanches is 25 degrees (it is somewhat lower for 
wet snow avalanches); on forested slopes avalanche formation is limited to steeper slopes exceeding 
30 degrees (Schneebeli and Bebi, 2004). The roughness of the terrain below the snowpack is also an 
important factor. Fallen logs, stumps of logged or snapped trees, root plates of upturned trees and 
large rocks can prevent the formation of avalanches (Bebi and others, 2008; Smith and McClung, 
1997).  For the SilvaProtect project a GIS-application was developed which is based on the combined 
analysis of a digital terrain model and the forested regions.  Maggioni and Gruber (2003) were able 
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to link the results of the topographic analysis to avalanche return period and found a good correlation 
to observed avalanche activity. The method was refined to select smaller zones for active avalanche 
paths with frequent avalanche activity.  However, too small zones were eliminated.

ThE FLow PRobLEM:

 The damage potential is determined by a numerical snow avalanche model that can predict 
avalanche runout and inundation area in a general three-dimensional terrain (Bartelt and others, 
1999). Flow models employ the same digital terrain models required to delineate the avalanche starting 
zones. The numerical calculations are based on advanced finite volume techniques. The fundamental 
problem with numerical simulations is the specification of appropriate friction coefficients which 
determine the avalanche velocity and final runout distance. In Switzerland these parameters are 
based on back-calculations with observed and documented avalanche events.  At the present state of 
knowledge, the parameters are selected based on terrain, avalanche size (return period) and starting 
zone elevation. The mountainous regions of Switzerland are divided into different climatic regions in 
which different snowcover fracture depths can be defined.  Fracture depths typically vary between 1m 
and 2m.  Figure 3 depicts a numerical simulation.

ThE vALIDATIoN PRobLEM

 The validation problem is fundamental to all proposed solutions in natural hazards research 
and engineering.  The quality of the developed methods must be determined in well defined and 
documented case studies before application.  In the SilvaProtect project, seven test regions were 
selected within Switzerland (Figure 4). These test regions were selected to represent the different 
climatic regions (Northern, Central or Southern Alps). In each of the regions, historical avalanche data 
is available to test the model. The Cantonal authorities judged the quality of the results by comparing 
historical observations to model simulations. The quantitative comparisons were restricted to regions 
with a large and well documented damage potential (housing, roads and railway lines).

Figure 4: Location of the seven test regions. 1. Val Ferret (307 km2); 2. Wengen (330 km2); 3. Brienz (261 

km2); 4. Schwyz (280 km2); 5. Val Maggia (161 km2); 6. Valle Blenio ( 110 km2);  7. Davos (307 km2).  

A flowchart (Figure 5) illustrates the procedure used to define the avalanche starting zones and 
start the numerical calculation.

Finally, two different calculation scenarios were used in the SilvaProtect project. In a first step, 
starting zones in forested regions were removed. Inundation areas were calculated with the numerical 
model. Then, in the next step, the starting zones in forested areas where included in the calculations, 
i.e. the calculations were performed as if the forest did not exist. The difference between the two 
scenarios provided an estimate of the protective capacity of the forest.

Table 1:  Results of the simulations in the seven test regions.

RESULTS3.  

In the SilvaProtect project an area of over 25’000 km2 was simulated. The initial conditions of 
the simulations were to a large extent automatically generated and therefore a uniform procedure 
was applied to a large, diverse area. The results of the simulations in the different test regions are 
presented in Table 1. The quality of the results was judged by the local experts employed by the 
Cantons, not the program developers. In general, the simulation results were in good agreement with 
the observed or historical avalanche data.

Figure 6 illustrates the results of the model simulations in the Davos area. The top figure depicts 
the simulation results for smaller release areas (shown in green); the bottom figure for large release 
areas (show in red).   The inundation areas use a two-colour scheme to represent avalanche impact 
pressures. The red shaded areas indicating impact pressures greater than p > 30kN/m2; blue shaded 
areas less than p< 30kN/m2. The maps provide a good indication of endangered areas and the damage 
potential.
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SUSTAINAbILITy4.  

Two themes govern the sustainability and management of protective forests: 

Increased pressure for wood products.

The worldwide pressure for more wood products may lead to a conflict of interest with avalanche 
protection, which limits various types of logging. Avalanche science has concentrated on the study of 
large avalanches, which can easily destroy large forest stands (Bartelt and Stöckli, 2000).  However, 
little is known about the initiation and interaction with smaller avalanches and mountain forests. These 
avalanches occur in small openings between 20 and 100 m and can clearly occur in logging situations 
which often demand more clearing space. The initiation and flow mechanics of smaller avalanches 
requires a more detailed description of the terrain and local conditions. More accurate digital terrain 
models and better GIS-based modelling methods are required to identify areas where the creation of 
gaps (due to timber extraction or other management) will create unacceptable hazard.

Climate change.

How climate change in mountain areas will alter the frequency of avalanche events and how 
growth rates of trees will change as a function of climate change are two unanswered questions. 
Although long-term climate data show an increase of winter temperature for many mountain areas 
over the last decades (IPPC report 2002), trends regarding snow depth and duration of snow cover 
are less clear. The primary contribution to avalanche activity are extreme weather events.  Future 
avalanche activity is difficult to predict due to the uncertainties of predicting extreme weather events 
in winter.

LIMITATIoNS oN ThE USE oF ECoSySTEMS IN ThIS PARTICULAR 5.  
hAzARD

One of the primary aims of the SilvaProtect project was to develop a uniform method to determine 
the protective capacity of mountain forests over a large area.  This goal was certainly achieved, but it 
does have many significant limitations:

Because a large area is covered, detailed information concerning individual starting zones is      ✶

lost.  Thus, the results are estimates of the avalanche danger and damage potential. The application 
of the model in smaller areas or for single avalanche tracks requires detailed information of the 
track climate, terrain and vegetation.  

Defining the correct initiation scenarios in critical.  For example, in the SilvaProtect it was      ✶

assumed that starting zones release independently. If two neighbouring zones release at the same 
time, the total avalanche mass will travel farther. Such scenarios were not considered because 
of the size of the region to be simulated. For a detailed analysis of a particular region, different, 
perhaps more realistic simulation scenarios are required.

Avalanches are complex phenomena which contain a variety of flow forms (dry, wet, powder).      ✶

The SilvaProtect project assumed dry, flowing avalanches. The damage caused by powder clouds 
was neglected.  Another important assumption was that the avalanches did not entrain additional 

material during their downward descent. These assumptions are defendable when the model is 
applied over large regions. For a particular avalanche track they must be reviewed critically.  

IMPLEMENTATIoN CoSTS6.  

The simulations provided a cost-efficient method to assess the role of forests in avalanche hazard 
mitigation. Every effort was made to validate the applied method. The total cost for the simulations 
was estimated to be approximately 250’000 CHF (including personnel costs, but not including the 
cost of the local authorities to review the simulations).  

The alternative to numerical simulations would be time-consuming and highly costly observations 
at the local level. The local authorities simply to not have the capacity for such large scale programmes.  
Furthermore, the results would be highly variable since different methods and interpretations of 
methods would be employed.

Clearly, the simulation results are not always accurate.  However, as a first step, they are a cost-
efficient method to identify potential danger areas where detailed studies are necessary.

CoNCLUSIoNS AND LESSoNS LEARNED7.  

In the SilvaProtect project new technologies were applied to asses the protective capacity of mountain 
forests in Switzerland.  A tremendously large region was simulated:  25’000 km2.  Interestingly, the 
applied methods – simulation models – were not designed to function at this scale. However, we 
found that at this scale the methods performed better than expected. The primary reason being that 
the demands on accuracy are less severe.  We require that the models provide only an indication of 
danger.  We believe very strongly that a more detailed formulation of a hazard scenario requires 
local experts who are familiar with the terrain and climatic conditions. The advantages of a large 
scale hazard analysis are time, cost and uniformity of results.  They are, however, no replacement for 
detailed studies.

Avalanches are one example of a gravitationally driven natural hazard.  Rockfalls, shallow 
landslides, debris and mud flows are additional examples.  Although progress has been made on the 
avalanche problem, it is comparatively simple. It is certainly easier to identify starting zones.  It is not 
clear whether the methods employed in the SilvaProtect study can be applied to other gravitationally 
driven natural hazards.

Finally, the mechanics of avalanche-forest interaction require further study.  The methods presented 
in this case study are based on two extreme scenarios:  forest or no forest.  This is acceptable for 
large avalanche or extreme events.  However, it avoids the problem of understanding the interaction 
mechanics.  In future we expect to be confronted with the problem of smaller avalanche events which 
can not be reduced to these two extreme cases. 
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Figure 5: Flowchart of the Silvaprotect project.  Two inundation scenarios were simulated: with and without 

forests.  The definition of the avalanche starting zone follows the procedure developed by Maggioni and 

Gruber (2003). 

Figure 6: Result examples of simulations in test region 7, Davos (307 km2).  Top: Simulation of small, 

frequent avalanches.  Bottom: Simulation of large avalanches without forest. The simulations show which 

forested regions protect Davos from avalanches. 
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case sTuDy:  
 
manageD RealIgnmenT anD The Re-
esTablIshmenT of salTmaRsh habITaT, 
fReIsTon shoRe, lIncolnshIRe, unITeD 
kIngDom
Prepared by Daniel Friess, Dr Iris Möller, Dr Tom Spencer, CCRU, Cambridge University, UK, for the 
report ‘‘The Role of Environmental Management and Eco-Engineering in Disaster Risk Reduction 
and Climate Change Adaptation’’ (ProAct Network 2008), available at www.proactnetwork.org

bACKGRoUND INFoRMATIoN1.  

This case study is an example of ecosystem restoration for the purpose of coastal flood risk 
reduction and habitat creation. Managed realignment describes the repositioning of an existing hard 
sea defence to a more landward location, allowing accommodation space for the creation of intertidal 
habitat; the resultant increase in the intertidal zone allowing increased flood water storage and 
wave attenuation (Möller et al., 1999). Managed realignment was implemented at Freiston Shore, 
Lincolnshire, UK in August 2002.

Coastal communities on the low-lying coastal zone surrounding the shallow North Sea Basin 
are vulnerable to storm surges (water levels raised by meteorological forcing), particularly those 
coinciding with high spring tides. Storm surges are often accompanied by high waves which can 
overtop and breach sea defences. The most devastating storm surge in the 20th Century occurred 
on 31 January – 1 February 1953 and affected many countries surrounding the Southern North Sea, 
with a death toll of 1836 people in the Netherlands, 307 in the UK and 22 in Belgium. Over 136 500ha 
were inundated and more than 100 000 people evacuated in the Netherlands alone (Gerritsen 2005), 
and over 1200 breaches of defences or flood penetration were recorded along the East coast of the UK 
(Baxter 2005, see also figure 1).

Figure 1 – A motor torpedo boat lifted by the 1953 surge at Wells-next-the-Sea. Source: Baxter 2005
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PLANNING INSTITUTIoNS AND SUPPoRTING AGENCIES

Freiston Shore was a successful example of cooperation between a number of Government and 
voluntary organisations. The agricultural land was originally embanked in 1978 and owned by the 
UK’s HM Prison Service. The site was acquired by the Royal Society for the Protection of Birds 
(RSPB), funded by donations and grant aid not available to Government organisations.

The Department of the Environment, Food and Rural Affairs (DEFRA) has the ultimate 
responsibility for coastal defence and management policy within the UK. The Environment Agency, 
however, is responsible for the planning, execution, and maintenance of the scheme. In addition, English 
Nature (now Natural England) was involved in the planning process due to the potential for damage 
to protected areas. Consultation of a range of nongovernmental organisations and stakeholders was 
also part of the implementation process.

As part of the scheme, an in depth monitoring programme was set up at Freiston Shore to monitor 
processes such as sediment accretion, surface elevation change, vegetation colonisation and invertebrate 
distribution both inside the site, and on the surrounding intertidal zone. This was funded by the 
Environment Agency and conducted between 2001 and 2006 by the Natural Environment Research 
Council’s Centre for Ecology and Hydrology (NERC CEH), the Cambridge Coastal Research Unit 
(CCRU), Department of Geography, University of Cambridge and the School of Geography, Birkbeck 

College, University of London.

PRojECT DESCRIPTIoN2.  

Managed realignment was originally proposed at Freiston Shore due to increased rates of erosion 
experienced at the base of the sea wall, and higher repair/maintenance costs as a result. This sea 
defence was a focus of erosion due to its construction too far seaward, compared to the surrounding 
artificial shoreline. This made the defence a focus of wave attack, both directly and as a result of 
refraction around the outlying structure.

In the UK generally, whilst the purpose of managed realignment was originally focused on 
issues of coastal defence, its importance in helping to meet national and international targets for the 
maintenance and creation of key coastal habitats is also being increasingly appreciated. Saltmarsh 
loss rates are estimated at 40-100ha annually (ref), whilst the UK Habitat Action Plan is committed 
to the creation of 140ha per annum to halt decline and replace losses between 1992 and 1998 (UK 
Biodiversity Group 1999).

LoCATIoN AND CoNDITIoNS

Freiston Shore is located on the East Coast of England, on the Lincolnshire coast of the Wash 
Embayment, covering 615km2 below high water (figure 4). The Wash is a macrotidal environment, 
with mean neap and spring ranges of 3.5m and 6.5m, and mean wave heights in the surrounding 
North Sea reaching up to 2m (Symonds 2006). Similar to the rest of the United Kingdom, Lincolnshire 
experiences a mid-latitude oceanic climate, with prevailing winds from the South West. This brings a 
succession of depression systems, which contribute to the creation of storm surges.

In 1978 Wells-next-the-Sea on the North Norfolk coast experienced maximum water levels 1.81m 
above the predicted high tide (Steers et al. 1979). Inundations of comparable height are not rare in the 
North Sea; Doornkamp (1998) describes 14 damaging surge events in the North Sea basin between 
1894 and 1978, and an average of 19 surges per year have a magnitude greater than 0.6m above the 
average winter tide level.

Predicted accelerated sea level rise poses a particular future threat to communities based along 
the low-lying coastline of the North Sea, as this will raise the base level for future storm surges. 
Annual rates of sea level rise of 6mm have been predicted in this area until 2030, increasing to 8.5mm 
between 2030 and 2100 (Environment Agency 1996a). Two key side effects of an increased tidal flood 
volume as a result of sea level rise are a change to tidal flow symmetry and increased inshore wave 
energy due to greater water depths. These factors lead to increased erosion, particularly in the upper 
intertidal zone, at the margin of existing saltmarshes or at the seaward face of fixed defences. De la 
Vega-Leinert and Nicholls (2008) estimate that, under a scenario of ‘do nothing’ (i.e. no maintenance 
or enhancement of defences), a relative sea-level rise of only 20cm between 1990 and 2050 would lead 
to flood and erosion damage costs in East Anglia of £1325-1333 million.   

Accelerated sea level rise also has consequences for intertidal habitats, frequently referred to as 
‘coastal squeeze’, and illustrated in figure 2 below. While increased wave energy under accelerated sea 
level rise is a key factor in causing the seaward erosion of saltmarsh, other causes, such as invertebrate 
activity and sediment starvation may contribute (Wolters et al. 2005).

Figure 2: The landward retreat of intertidal habitat with (above) and without (below) restricting fixed 

defences. The former leads to net loss of habitat (‘coastal squeeze’). Source: Environment Agency (1996b)

PRojECT SCALE

The Freiston Shore realignment trial created 66ha of saltmarsh habitat and 15ha of saline lagoon 
(figure 3). The Wash Banks coastal defence project, of which this realignment site is a part, protects 
more than 80 000 ha of low-lying land (Nottage and Robertson 2005), including many villages and 
the town of Boston (with a population of +35 000).

 

Figure 3 – The Freiston Shore Managed 

Realignment Site. Photo by Environment Agency.
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The area surrounding Freiston Shore experiences socio-economic issues distinct from many other 
parts of the UK, such as a dispersed population base and over-reliance on agriculture and land-based 
economic activity. Much of the Lincolnshire coast has been previously embanked and reclaimed, so 
land use within this region is predominantly agricultural, with 85% of the tidal flood plain area classed 
as rural (Environment Agency 1996a). Shell fisheries (cockles, mussels and oysters) also contribute to 
the local economy (Myatt et al. 2003a). Indeed, the Freiston Shore realignment site has been shown 
to provide an important nursery area for 12 species of fish, including economically important species 
such as European sea bass (Dicentrarchus labrax) and Atlantic herring (Clupea harenpus) (Brown et 
al. 2007). Tourism is also a vital component of the coastal area for activities such as walking and bird 
watching. The realignment site at Freiston Shore has contributed to this greatly, attracting over 57 
000 visitors in 2003/04 (compared to 11 000 before realignment), and adding over £150 000 into the 
local economy in the first year (Nottage and Robertson 2005).

DESCRIPTIoN oF ECoSySTEM MEASURES APPLIED

As part of the realignment scheme, the existing sea defence was breached in three places (see 
figure 3), and a new landward lying secondary defence was strengthened. Linear drainage channels 
were also excavated within the site to facilitate sediment and nutrient delivery into the interior of 
the realignment area. In addition to the full coastal realignment, a smaller (15 ha) saline lagoon was 
created, allowing regulated sluice-controlled exchange of tidal water on the highest spring tides of 
the year only (see Figure 3). Within the saline lagoon, some topography was created to enable birds 
to roost on higher ground, and a varied grazing regime produced a number of sub-habitats suitable 
for different bird species.  No further ecosystem measures were applied.

PRojECT STARTING PoINT; MILESToNES

Managed realignment at Freiston Shore took 6 years to implement from the time of 
recommendation:

1978-1983 Latest reclamation of saltmarsh at Freiston Shore by HMP North Camp
1996 Publication of the Lincolnshire Shoreline Management Plan (SMP), recommending
   managed realignment at Freiston Shore
1997 Publication of the Wash Banks Strategy, in response to the SMP
2000 Strengthening of secondary sea wall and creation of cross wall
Sept 2001 Set up of accretion and vegetation monitoring locations
Aug 2002 Breaching of sea defences in three locations
Apr 2003 Colonisation by pioneer saltmarsh vegetation
Sept 2006 CEH Monitoring programme ends
Present Monitoring of surface elevation change by CCRU

Figure 4 – Location of Freiston Shore, UK. Adapted from: Thomson et al. 2004.

The Wash is a sediment sink, so the intertidal zone has the potential to accrete and increase in 
surface elevation with predicted accelerated sea level rise. Marine sediment movement is the biggest 
contribution to the sediment budget, while the four principal rivers flowing into the Wash play only 
a minor role in sediment input. Collins et al. (1981) report suspended silt concentrations of 200 mg l-1 
in flows over upper tidal flats, although over-marsh concentrations have been assumed to be lower 
at 150 mg l-1 (French 1993). Modelling suggests that with such suspended sediment concentrations 
saltmarshes in The Wash reach 95% of their final elevation (typically 0.7m below Highest Astronomical 
Tide (Kestner 1975)) after 150 years.

The Wash is part of The Wash and North Norfolk Coast Special Area of Conservation, due to the 
occurrence of the following habitats: sublittoral sandbanks slightly covered by sea water permanently; 
mud/sandflats not covered by seawater at low tide; large shallow inlets and bays; reefs; Salicornia 
and other pioneer annual species; Atlantic salt meadows (Glauco-Puccinellietalia maritimae); and 
Mediterranean and thermo-Atlantic halophilous scrubs (Sarcocornetea fruticosi), with coastal 
lagoons as a qualifying feature. The Wash is also important for the significant presence of the Annex 
II species, the Common seal Phoca vitulina, which breeds on the extensive flats. The Wash’s SPA 
designation is not only based on the presence of 21 species of Annex I birds and regular migrants 
but also on the occurrence of an internationally important assemblage of birds, regularly comprising 
over 400,000 waterfowl.

Freiston Shore and the surrounding area show a diverse ecology. The intertidal zone fronting the 
site is a gradient of broad sand flats near low water, changing to intertidal mudflat and saltmarsh as 
elevation increases landward. The halophytic vegetation present at Freiston Shore is characteristic 
of an Atlantic saltmarsh type found across the east and south-east coast of the UK, with field 
observations and remote sensing imagery analysed by CCRU showing seasonal bands of algae and 
sparse Salicornia europea on the seaward edge. The seasonal pioneer vegetation zone comprises 
dense stands of S. europea and S. europea-Suaeda maritime. Transitional and mid-marsh zones 
are characterized by Aster tripolium and patches of Spartina anglica, and a mosaic of Puccinellia 
maritima-based communities to the south of the site, and dense Atriplex portulacoides to the north. 
This habitat mosaic supports a wide diversity of invertebrate taxa. Brown et al. (2007) recorded several 
ragworm, oligochaete worm, springtail, mite, beetle, gastropod, and crab species. This trophic level 
in turn supports a large population of migratory birds; indeed, the Wash embayment supports the 
largest number migrating waterfowl in the UK (West et al. 2007), especially from breeding grounds 
in the arctic. Typical species found in the Wash area include wader species such as Dunlin, Redshank 
and Oystercatchers, and other species including Black-tailed Godwits, Brent Geese (Musgrove et al. 
2001, West et al. 2007) and 31 pairs of rare Avocets.
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It has been predicted that, based on data from the North Norfolk coast (to the east of the Wash 
embayment), a pioneer Salicornia zone may develop from an unvegetated mudflat within 25 years, 
and may reach a Juncus maritimus high marsh successional stage within 90-200 years (Chapman 
1959, Chapman 1960). However, potential managed realignment sites may start at a higher surface 
elevation than an unvegetated mudflat (as land was originally reclaimed from higher marsh), so will 
not require as much time to accrete further sediment to increase surface elevation. It is also not just 
vegetation establishment that is important, but also the restoration of ecosystem function.

Managed realignment can provide a long-term solution to disaster risk reduction. Research by the 
University of Newcastle (1998) showed that, with rates of sea level rise of 3/6mm per year, a 100m 
saltmarsh margin could be maintained for 12-25 years with the previous defence line at Freiston 
Shore. However, realigning to the secondary defence line was predicted to maintain this saltmarsh 
strip for more than 200 years.

A flexible approach and continued monitoring is key to the success of any such coastal risk reduction 
scheme. It is likely, that ‘step-changes’ in vegetation cover occur over time, as surface elevation 
increases and vegetation communities adapt. The attenuation capacities of different vegetation canopy 
types have not yet been quantified, although preliminary studies indicate that there are differences 
that warrant further investigation (Möller, 2006).

SUSTAINAbILITy4.  

The Wash embayment (including Freiston Shore) is covered by a number of national, European 
and international habitat legislations such as the EU Birds and Habitats Directives and the Ramsar 
Convention (Environment Agency 2006). Therefore, sections of the Wash are variously designated as 
National Nature Reserves, Sites of Special Scientific Interest, Special Protection Areas, a Special Area 
of Conservation and a European Marine Site (see section Location and Conditions above).

The Freiston Shore site is currently owned and maintained by the RSPB, and promoted nationally 
as an important nature reserve. ‘Ecotourism’ aimed primarily at the bird watching community 
will promote future protection. Local farming groups are also encouraged to utilise this site in a 
sustainable manner through low density pastoral activity on the outer saltmarsh.

LIMITATIoNS oN ThE USE oF ECoSySTEMS IN ThIS PARTICULAR 5.  
hAzARD

Many of the obstacles to the success of managed realignment are not due to the nature of coastal 
hazards, but rather are linked to social and economic issues that may limit its uptake. One such 
issue is the negative perception of stakeholders (landowners, local groups) and the public towards 
realignment. In particular, stakeholders have a perception of a defeatist attitude that is ‘giving in to 
the sea’. There may also be an element of ‘feeling safer’ behind a large engineered defence structure. 
Sea walls, for example may be perceived as a more effective coastal defence compared to a natural 

RESULTS3.  

Managed realignment at Freiston Shore can be considered a success, with vegetation establishing 
more quickly here than at many other realignment trials in the UK. Brown et al. (2007), and analysis 
of multispectral imagery by CCRU has shown that 86% of the site was vegetated by 2006, mostly 
by pioneer annual S. europea, though perennial mid-marsh species such as A. tripolium, P. maritima 
and A. portulacoides were beginning to establish, particularly at higher elevations in the North-West 
corner of the site. However, some time will be required for sediment accretion within the rest of the 
site to increase surface elevation to a height able to support more mature saltmarsh species. These 
species are characterised by an increased biomass and surface area, and produce a more complex 
vegetation mosaic, so may be better able to act as a buffer to incoming wave energy.

Whilst data is not available specifically for Freiston Shore, Möller et al. (1999) showed through 
field trials that UK saltmarshes could reduce wave height by almost 61% by increasing bed surface 
friction, and could reduce total wave energy by an average of 82%. Other studies have shown that 
swards of saltmarsh grass vegetation can reduce wave heights by 70% and wave energy by over 90% 
(Bird 2000), though this is a highly non-linear process.

A reduction of near shore wave attenuation (due to increased water depths) is likely to result 
from sea level rise. This could lead to an increased cross-shore profile slope and thus higher wave 
energy levels in the upper intertidal zone. A permanent benefit of increased wave attenuation, and 
thus coastal protection will require the entire coastal profile to continue to adjust in the future (by 
migrating inland).

Due to the relatively high initial surface elevation, and a rich seed source on surrounding marshes, 
pioneer vegetation quickly established at Freiston Shore, but time is required for succession to higher 
marsh mosaics with increased wave attenuation function. This relies on the deposition of sediment 
(potentially increased as vegetation density increases) and accretion to a higher surface elevation, in 
order to support mature marsh types. UK saltmarshes are thought to accrete at a rapid initial rate, 
before slowing at higher elevations, as inundation frequency decreases (figure 5).

 

Figure 5 – Age-Altitude Curve for North Norfolk Marshes. Source: Allen 2000
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Figure 6 – Potential Legislative Procedures Required for the Authorisation of a Proposed Managed 

Realignment Scheme. Compiled from: Environment Agency (1999) 

A particular technical barrier according to Ledoux et al. (2005) is a lack of scientific understanding 
of saltmarsh restoration. Difficulties in predicting the habitat type emerging from a realigned site 
could be a particular problem if the aim is to produce like-for-like habitat to compensate for losses 
elsewhere. A lack of system understanding also influences the time-scale over which managed 
realignment is deemed a feasible defence option; management decisions and confident predictions of 
future geomorphological and ecological behaviour can only be made with a better knowledge of long-
term coastal functioning.

There is a lack of research undertaken to study the external impacts of realigning coastlines on the 
surrounding intertidal system. While the potential for unforeseen externalities has been theorised 
(Ledoux et al. 2005, French 2006) there is very little scientific literature that provides quantitative 
data on what these impacts may be.  Research by CCRU at Freiston Shore has shown that the creeks 
attached to the breaches outside the site increased in width and volume dramatically immediately 
after breaching in order to exchange a larger volume of water over the same tidal cycle (figure 7). As 
well as having implications for saltmarsh loss due to erosion, eroded material was deposited inside 
and outside the site close to the sea wall, increasing surface elevation and potentially changing the 
vegetation stage that could be supported.

marsh, though this may not actually be the case. Indeed, Leggett et al. (2004) noted that reasons 
for community opposition may include the idea that only hard defences provide absolute protection. 
It is often the case though that the construction of defences induces further development in zones 
previously at risk, leading to larger losses when that defence is eventually overtopped (Kates et al. 
2006). Public attitudes to managed realignment schemes are also shaped by factors such as confidence 
in statutory bodies, awareness of the scheme, length of time the scheme is in the public domain, 
contact between stakeholders (including public consultation) and personal experience of flood events 
(Myatt et al. 2003a, Myatt et al. 2003b). A particular issue experienced at Freiston Shore was distrust 
of the authorities and organisations involved in the consultation, planning and funding processes 
(Myatt et al. 2003a). Education could be increased, and perceptions changed by providing a regular 
consultation process and access to information tailored to individual realignment projects.

Another cause of adverse public opinion is the perceived low level of compensation for releasing 
land to tidal exchange. Without adequate rates of compensation available (whether for land purchase 
or payment for loss of use) it will be difficult to persuade landowners to sell their land or change land 
use to flood defence and habitat creation. Since managed realignment brings recreational, societal 
and environmental benefits as well as flood defence, one solution may be to apply for funding/
compensation for these benefits alongside flood defence funding (Ledoux et al. 2005). Payments 
for conversion of grassland/arable land to saltmarsh under DEFRA’s Higher Level Environmental 
Stewardship scheme in 2005 ranged from £500-700 per hectare (DEFRA 2005). As a consequence of 
this level of financial incentive landowners may only be prepared to abandon lower value agricultural 
land, of which there is only a small proportion along The Wash and North Sea coastline. Landowners 
will also be dissuaded by the fact that most countryside stewardship payments have a current limit 
of 10 years, while managed realignment schemes will (ideally) last over a much longer timescale 
(Leggett et al. 2004).

If suitable land is available, the legislative framework surrounding land use change may further 
limit the implementation of managed realignment. Environment Agency (1999) describe up to 17 
separate legislative mechanisms that may need to be passed before permission to realign an area can 
be granted (figure 6). Many of these acts are related to changes in land use (e.g. the Town and Country 
Planning Act 1990, Land Drainage Act 1991) or environmental impact (EC Environmental Impact 
Assessment Directive 85/337/EEC, Environmental Protection Act 1990). Managed realignment can 
often conflict with legislation designed to protect particular land uses or land designations. For 
example, while managed realignment and saltmarsh creation often fulfils habitat regulations, these 
regulations could provide an obstacle if the land to be realigned is already a protected habitat (Pethick 
2002, Leggett et al. 2004) or if external impacts were to potentially affect protected habitats further 
along the coast. In some situations, saltmarsh on the seaward side of an embankment is protected 
under the Habitats Directive, as is freshwater grazing marsh inside the embankment. In this instance 
it would be illegal to allow any development to affect either habitat, but if no development takes place 
then saltmarsh is lost (Pethick 2002) due to coastal squeeze. Conflicts such as this would have to be 
resolved if managed realignment is to become a more popular coastal defence option. 
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management approaches: (a) Hold the line (maintain or upgrade the level of protection provided by 
current defences), (b) Advance the line (build new defences seaward of existing defences), (c) Managed 
Realignment (allow retreat of the shoreline with monitoring and, if appropriate, management to 
limit or control movement), and (d) No active intervention (a decision not to invest in providing or 
maintaining defences).

Alternative cost estimates for two of these approaches at Freiston were £19 million under the 
‘do nothing’ scenario (‘d’ above) and £2.06 million over 50 years for maintenance of the existing 
line of defence (Nottage and Robertson 2005) (‘a’ above). These costs are set against a scenario of 
rising flood defence costs for the UK, with predictions of up to £75 billion required by 2080 (Evans 
et al. 2004). The wave attenuation function of saltmarsh vegetation has predicted to decrease the 
overall costs of sea defence structures, so could contribute to lowering the cost of coastal defence. The 
Environment Agency (1996b) estimated that, under typical wave conditions, an 80m wide saltmarsh 
margin could reduce a sea defence height from 12m to 3m, with a financial saving greater than an 
order of magnitude. In addition to these savings, it is difficult to quantify the financial benefits of 
nature conservation and ecosystem services associated with realignment at Freiston Shore.

CARboN bENEFITS7.  

Wetland systems exhibit high net primary productivity and organic matter production, and can 
act as an important carbon store; Neue (1997) estimated that approximately 250Gt of carbon are 
conserved in tropical wetlands alone. Globally, saltmarshes sequester 210±20 gC m-2 a-1 (Chumura 
et al. 2003), with a great deal of local variability. Soil carbon densities are greatest in interior marshes 
which are higher and flooded less frequently, but accumulation rates are higher near sediment sources 
(such as creeks) and at lower elevations A knowledge of global wetland area is needed to calculate 
sequestration rates but there is considerable uncertainity in global wetland area estimates. Using 
180,000 km2 for mangroves and 23,000 km2 for saltmarshes the rate is calculated at 0.043 Pg C a 
-1. However, this is only for surface soils; the total in the top 0.5 m of the soil profile is probably x10 
this figure. 

There is less quantitative data on the carbon sequestration capacity of North West European 
saltmarshes, though Cannell et al. (1999) estimated that British saltmarshes in 1990 sequestered 0.1 
MtC per annum. This compares to rates of 0.1MtC for forest soils, 0.3 MtC for non-forest biomass 
and 0.4 MtC for set-aside soils in the UK in 1990. Smith et al. (1983) describes a methodology for 
calculating carbon storage in coastal wetland soils by the monitoring of carbon content, accretion 
rate and soil bulk density.

 

Figure 7 – Airborne LiDAR image highlighting creek widening (erosion) and infilling (accretion) between 

November 2002 and November 2006 

IMPLEMENTATIoN CoSTS6.  

Initial Investment

The capital costs to implement managed realignment at Freiston Shore were estimated at £1.98 
million (Nottage and Robertson 2005). These costs were met through the Environment Agency’s 
flood defence budget, DEFRA and the Lincolnshire Flood Defence Committee. Works involved the 
strengthening of a secondary sea wall to the back of the site, and the construction of a cross wall to 
the south-west to provide an area behind for a saline lagoon. Capital works costs would also include 
the excavation and landscaping of the saline lagoon, as well as the excavation of primary drainage 
channels within the site, and breaches.

Maintenance Costs

A monitoring scheme was implemented between 2001 and 2006 at Freiston Shore, requiring 
ongoing funding during this period. Ongoing maintenance costs would also have to budget for smaller 
repairs to the secondary sea wall, which could be damaged by extreme storm and surge events. These 
costs are part-funded through a 20 year DEFRA Habitats Scheme, and renting of the external marsh 
for cattle grazing provides some small extra income.

Alternative Costs

Coastal defence planning in the UK is currently based on non-statutory guidance documents, 
the Shoreline Management Plans (SMPs), that divide the coast according to geomorphological, 
sedimentological, and land-use zone criteria and suggest appropriate coastal management approaches. 
Recent revisions of the first round of SMPs (commissioned during the 1990s) suggests four alternative 
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CoNCLUSIoNS AND LESSoNS LEARNED8.  

The case study of Freiston Shore illustrates that managed realignment can be a viable and successful 
strategy to adapt to the impact of sea level rise and/or increased wave action on low-lying coasts. 
By providing additional flood storage capacity and intertidal surfaces that attenuate incident wave 
energy, flood risk is reduced, at least in the short to medium term, after the new intertidal surface has 
become stabilised and vegetated. Over longer (+50 year) time periods, the increased defence efficiency 
cannot be guaranteed, as continued landward retreat may be necessary to maintain an intertidal 
profile that supports saltmarsh vegetation. 

To achieve maximum benefit from realignment schemes, the continued monitoring of site conditions 
before, during, and after implementation is critical. Monitoring results from Freiston and indeed other 
managed realignment schemes in the UK (Brown et al., 2007) suggest that thresholds exist within 
the evolution of these ecosystems that alter their resilience and vulnerability to future hydrodynamic, 
sedimentological, and climatic changes. Such thresholds still need to be adequately quantified. To 
achieve this, continued monitoring is necessary and adds to the cost of scheme implementation. 
Furthermore, the implementation of managed realignment as a strategic ‘soft engineering’ option 
to coastal flood risk reduction is not just a geomorphological or ecological challenge, but is also 
influenced by social, political, and land ownership constraints. 
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case sTuDy:  
 
ecosysTem seRvIces of a flooDplaIn 
wITh pReseRveD hyDRologIcal RegIme 
- RIveR lužnIce flooDplaIn, czech 
RepublIc
Prepared by Dr David Pithart, Academy of Sciences, Czech Republic, for the report ‘‘The Role of 
Environmental Management and Eco-Engineering in Disaster Risk Reduction and Climate Change 
Adaptation’’ (ProAct Network 2008), available at www.proactnetwork.org

bACKGRoUND INFoRMATIoN1.  

This case is a synthetic study aimed at evaluation of a natural floodplain segment without any 
particular measures or realignments changing its structure or functions. The results from several 
research projects are combined here. At present, the project “Water Retention in River Floodplain 
and Measures to Its Increase” has been launched. The aim of this project is to compare three different 
floodplain segments – one preserved and two heavily transformed – in terms of their water fluxes. 
For the purpose of this study, only the preserved segment has been selected and some of its other 
ecosystem services have been estimated. For carbon sequestration, the results from the project “Czech 
Carbo”, aimed at the estimation of carbon fluxes in different ecosystems, have been used.     

River floodplains have been reported as potential sites to mitigate extreme events in the hydrological 
cycle (Mitsch et Gosselink, 2000). However, this ability depends on their (ecological) state, namely 
on the extent of natural water pulses – i.e. flooding and its harmonising with other processes and 
activities in the floodplain. We can consider river floodplain as a tool for mitigation of flood waves 
or extreme low discharges, only if a floodplain management and structure respect this natural 
function. In the Czech Republic, as in the most of Europe, however, most of floodplains have been 
transformed to minimize flood pulses in order to intensify agriculture and protect infrastructures. 
After the two catastrophic floods in 1997 and 2002, broader discussion started how we can increase 
water retention in the Czech landscape. In 2005, water management authorities introduced a plan for 
main watershed management, where they proposed 205 localities to be reserved for possible future 
reservoir constructions. As a main reason for this reserve, 
the predicted shortage of water during summer period has 
been highlighted. Among these reservations, no floodplain 
or area for natural flooding have been listed. After severe 
protests of NGO’s and academic community, this list 
was abandoned and more “soft” measures were adopted 
into this plan.  The authors of this study applied for the 
above mentioned project to strengthen the arguments for 
more natural or “soft” strategy for mitigation of extreme 
hydrological events.

Fig.1. Location of the studied site – river Lužnice floodplain  
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Carbon sequestration was measured at Mokré louky wetland site, a flat depression with an area 
of 450 ha. The area is covered by up to several meters thick layer of peat, which is superimposed on 
quarternary alluvial sands and clays. The site is situated in the inundation area of a large human-made 
lake (Rozmberk fishpond, 5 km2), flown through with Lužnice river. The meteorological and eddy 
covariance station are situated in the wettest part where water level is kept at -0.2 to 0.1 m. In some 
years, spring or summer floods occur irregularly as a consequence of snow melting or summer rains. 
Extreme floods occurred in summer 2002 and spring 2006, when water level at the site culminated 
at 2 m above the soil surface. 

Vegetation of the wet meadows was affected by regular mowing and occasional manuring with 
organic material and by sewage water from a pig-farm. The area, where weather station and eddy 
covariance set are situated, is not managed but receives nutrients as a result of run-off from the 
fertilized part. The area of short-sedge marshes (Caricion fuscae) decreased and the Carex acuta 
species as the tall-sedge marshes dominant expanded in the measuring area during last 40 years. The 
proceeding eutrophication is indicated by the expansion of Urtica dioica L. and other ruderal species 
in the managed part with Phalaris arundinacea stand.

PRojECT DESCRIPTIoN2.  

NAME oF PLANNING INSTITUTIoN, EXECUTING INSTITUTIoN, SUPPoRTING 
AGENCy

The four year project “Water retention in river floodplain and measures to its increase” has been 
awarded by Czech Ministry of Agriculture, starting from 2008. The project “Czech Carbo” was 
financed by Czech Ministry of Environment in the period 2002-2007.    

objECTIvE oF ThIS STUDy 

This study is aimed at quantification of four ecosystem services – flood mitigation, maintenance 
of biodiversity, carbon sequestration and production of hay, wood and fish. This quantification 
should demonstrate the value and benefits of the natural floodplain segment in a monetary way. 
Such information may strengthen the argumentation for revitalization of floodplains to mitigate the 
hazards connected to hydrological extremes and to bring other benefits.    

METhoDS 

Flood mitigation 

was estimated by calculation of aboveground retention volume and by discharge analysis. For 
retention volume, digital elevation model (DEM) of the terrain has been elaborated from orthogonalised 
aerial images, made at possible lowest water level out of vegetation period (to minimize the ground 
cover by leaves). The accuracy of the model is 10 cm. The model was calibrated with aerial pictures 
(Fig.3) of real floods to estimate their extent and volume. The discharge diagram at the inlet and 

The Lužnice floodplain area is one of the last floodplains in the Czech Republic, which natural 
hydrological regime has not been altered substantially by any massive river regulation (Prach et 
al. 1997). The river bed is still meandering and changing its course after any major flood event, 
including the cutting of new meanders. The studied area (470 ha) is flooded for several weeks every 
year, mostly in March and April, with occasional floods in winter or summer. The area is located 
in the south of the Czech Republic between the Austrian border and the town Suchdol nad Luznicí 
(Fig.1) and is about 12 km long and 1-2 km wide. The long term (50 years) average river discharge 
is 5.8 m3s-1. The floodplain area consists of main stream and standing water bodies (15% of area, 
200 permanent pools and oxbows), meadows both maintained and abandoned (the latter prevailing, 
mainly overgrown by Phallaris arundinacea and Urtica dioica), pastures, and floodplain softwood 
forest (15% dominated by willows (Salix spp.) and white poplars (Populus alba) with admixed oaks 
(Quercus robur) and alders (Alnus glutinosa) (Fig.2). In winter, the water bodies regularly freeze 
over and ice is mostly covered by snow. The water level fluctuates in the range of 1.5 m. There is no 
settlement within the floodplain, villages and lonely farms which used to manage the floodplain were 
built at the elevated parts of river terrace and are never or very scarcely hit by floods. Hence, the 
system is fully adapted to periodical flooding including its agricultural and social aspects.  

 

Fig.2: Landscape character in the river Lužnice floodplain. River and permanent water bodies are 

highlighted. Note meandering character of the river, high number of pools and oxbows, patchy structure 

of vegetation and settlement respecting inundations.      
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m3, gives the retention volume of 10,251 m3 ha-1. The average cost of one cubic meter of artificial 
water retention is US$ 23 in the Czech Republic. This will result in, after dividing by 20 for 5% 
discount rate, value of US$ 11,800 ha-1 yr-1. We did not include infiltration and evapotranspiration 
into this calculation, because of a lack of real data, what in fact underestimate this result. For this 
particular flood with duration of three weeks, we can estimate the proportion of these flows as 16% 
of the retention volume, due to the high ratio surface/volume, enhancing their intensity. The effect on 
flood wave depends on its size, speed and previous hydrological situation, but we can estimate that 
peaks of larger floods, which may cause damage down the river, are delayed for two days and reduced 
from 10 to 20 % if inlet and outlet of this 12 km long floodplain segment are compared.  

Fig.3. Spring flood in April 2006. This water body has volume 4.7 million m3, length 12 km, width 0.5-1.5 

km, and average depth 1 m. Note the transparency of water, characteristic for period after culmination, 

when most of suspended solids are sedimented out.   

Carbon sequestration

Sedge grass stand in the studied wet meadows accumulated about 1988 kg C ha-1 yr-1 and 2202 kg 
C ha-1 during 2006 and 2007 years respectively (Fig.4). Years difference and different course in each 
year of carbon accumulation (net ecosystem production = NEP) measured by eddy covariance method 
were caused by different hydrology regime. During the year 2006 when several floods events were 
recorded, decreasing of carbon accumulation in August was found. At this time whole sedge grass 
stand (Carex acuta L.) was overflooded and plants lost aboveground biomass. In the next year 2007 
which was dry and without floods (20% less precipitation than the previous years), decreasing of NEP 
was not recorded in August. The different water regime importantly influenced carbon accumulation 
by studied ecosystem. The rate of carbon accumulation by this ecosystem was also measured directly 
by harvesting aboveground plant biomass. The amount of carbon in harvested biomass corresponded 
well with eddy covariance measurements. 

outlet of the study area were compared to analyse the mitigation effect on flood wave (Bedient et 
Huberr 2002). For monetary evaluation, the alternative cost of an average reservoir or other man-
made system (polder) with the same retention volume was used and the average price of retention 
of one cubic meter was multiplied by volume above one hectare of the floodplain during the highest 
monitored flood. This substitution method was used because of above mentioned plan to increase 
retention volume in watersheds by hard engineering methods only.   

Carbon sequestration 

was calculated by annual measurement of CO2 fluxes between wetland ecosystem and atmosphere. 
Eddy covariance measurements of CO2 concentration, water vapour, wind speed and air temperature 
(InSituFluxsystem) were performed with a Licor 7500 open path infrared gas analyzer Li-cor  and 
ultrasonic anemometer R3 Gill. These systems were installed at 2.7 m above the surface on the 
floating pontoon to prevent flooding. The FLUXNET methodology (Aubinet et al. 2000, Baldocchi 
2003) was applied to the measured data. Additional micrometeorological measurements were provided 
by nearby weather station. The carbon which was sequestered per unit of area was converted to tons 
of CO2 per hectare per year and multiplied by marketable price of emission limits in 2008. 

biodiversity

All major biotopes were mapped and their contribution to the total area of the study site was 
calculated. Each biotope was given a value in points according Seják et al. (2003). This value reflects 
the following criteria: 1. maturity, 2. structural diversity, 3. species diversity, 4. biotope rareness, 5. 
species rareness, 6. antropogenic impact, 7. vulnerability, 8. endangernment. For evaluation, each 
point has a value (per unit of area) calculated from the average cost of a particular revitalization 
project, which resulted in the increase of the area in point scale. These projects have been realised 
in different areas and reflect the willingness and ability of the society to invest in the increase of 
ecosystem (landscape) value.  

The hay and wood production and prices in 2008 were obtained from local farmers, area of       ✶

 cut meadows and floodplain forest (not including solitary trees and willow carrs) was calculated  
 through GIS. 

For fish production estimate, the data from the Czech Anglers Union, which monitor the fish       ✶

 catches made by anglers, were obtained. The study area is a designated angling territory so  
 we can relate the catches directly to it. For prices, local market prices of fish species caught  
 were used. 

All services were calculated for the whole area and then related to one hectare of the floodplain to 
be comparable and additional.  

RESULTS 3.  

Flood mitigation

 According the DEM of study site, the potential retention volume is 7 million m3 per 478 ha. To 
avoid purely virtual calculations, we used the volume of a real flood situation from spring 2006 (Fig. 
3), which was calculated after the fitting of its aerial photograph into DEM. This volume, 4.7 million 
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Riparian beds of reed canary grass 28 30%     ✶

Aluvial foxtail meadows 46 15%     ✶

Vegetation of tall sedges 26 10%     ✶

Arable land 10 8%     ✶

Tab. 1 List of biotopes with their ecological value in point scale and their contribution to the total area of 

study site.  

 

Fig.5 Aerial image of river floodplain segment with biotope types. 

Average point value per ha corrected for area contribution is 38 points.  Monetary value of one 
point is US$ 8,000 ha-1 in the Czech Republic, what results in, after dividing by 20 for 5% discount 
rate US$ 15,000 ha-1yr-1.

PRoDUCTIoN oF hAy, wooD AND FISh. 

On the 183 ha of cut meadows, 3658 q of hay is harvested in average (20 q per hectare), what results 
in US$ 36,580 at the price US$ 10 per q. So the value distributed of this service is US$ 78 ha-1yr-1.   

Wood production was estimated as 5 m3 ha-1 year-1. At the average price of wood US$ 33 m-3 
and 61 ha of the floodplain forest area results in US$ 21 ha-1 yr-1.

Fish catches in kg according different species and their price per kg (Tab 2) provided data for 
calculation of the total value of catches (US$ 17,425), what results in the value US$ 37 ha-1 yr-1. 

The area where the fluxes were measured is about 0.5 ha large and was taken as a representative 
for all wetland and grass areas in the floodplain. For floodplain forest, the value was not measured, 
but can not be lower in principle, so it was taken as equal to wetland, which probably cause the 
underestimation of carbon sequestration. On the other hand, the transportation of carbon by river 
water was not evaluated and may alter the overall balance, even if we assume the equal material 
deposition and odnos.   

At Wet Meadows site, 2,095 t of C ha-1 yr-1 was sequestered, which is 7,54 t of CO2. The marketable 
price of 1 t of emission limit is US$ 20 t-1, what results in the value of US$ 144 ha-1 yr-1 for this 
service. 

Fig.4: Net ecosystem production measured by eddy covariance method. The positive values of NEP detect 

carbon sequestration (prevailing in vegetation period), negative detect carbon emission (prevailing in 

autumn and winter). The decrease in august 2006 was caused by summer flood, which destroyed higher 

plant community, responsible for carbon uptake.    

biodiversity

The following biotopes have been found and mapped within the study site (Fig. 5), their value in 
point scale (first digit) and their percentage contribution to the total area were calculated (Tab.1). The 
higher the point value, the more valuable, from ecological point of view, the biotope is. This scale 
reflects local (Czech) conditions; therefore its transferability is limited.    

Bream zone of running water 62 3%     ✶

Macrophyte vegetation of shallow standing waters 53 1%     ✶

Wetland willow carrs 36 15%     ✶

Hardwood alluvial forest (bottomland hardwoods) 66 13%     ✶

Softwood alluvial forest (bottomland softwood) 65 5%     ✶

Solitary trees 25 1%     ✶
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LIMITATIoNS oN ThE USE oF ECoSySTEMS IN ThIS PARTICULAR 5.  
hAzARD

The mitigation effect on flood wave should be further precised by proper hydrological study based 
on hydraulic modelling. Such a study will be able to evaluate the mitigation effect in its full capacity, 
without the limitation to test it only on a real flood situation. 

The other services, not mentioned in this study, should be also estimated and evaluated to complete 
the overall benefit of this ecosystem. Preliminary results of water chemistry monitoring clearly shows 
there is an uptake of phosphorus and nitrogen during the flow of the water through the floodplain. The 
thermoregulation effect and small water cycle enhancement, presumably high at wetland ecosystems, 
should be evaluated too, even if this service is very difficult to grasp in its economical aspect. Also 
harmless suspended solids deposition should be evaluated as a service.      

CoNCLUSIoNS AND LESSoNS LEARNED6.  

The studied floodplain segment provides a number of services with a remarkable value, which can 
be expressed also in a monetary way. The non–production services are much higher than production 
services. The overall value of services studied (without self-purification effect on water quality, 
stabilisation effect on climate and recreation) was estimated as US$ 27,000 per hectare per year. 
This is in agreement with relative high value of floodplain ecosystem services. Costanza et al. (1997) 
estimate their world average value as US$ 19,000 ha-1yr-1, what places floodplains on the second 
position among the other types of world ecosystems in terms of their value per square unit.  Services 
can be added up, what is very important if we need to compare different ecosystems or sites each 
other, for instance in decision making process.  

It is no doubt this particular floodplain is close to its optimum from the point of view of balanced 
ecosystem services. Similar study should be also provided on the more transformed floodplains to 
compare the difference in a value of ES. These results may help to strengthen arguments for reverse 
conversions (revitalisations) of other floodplain segments wherever in the world as an alternative or 
supplementary measure to hard engineering constructions as reservoirs etc.  

    

  Species  Weigth (Kg) price per kg (USD) price in total  (USD) 
 
  Carp  2466  3,2   7,691
  Pike   790  12   9,480
  Bream 1 15  1.7   192
  Others  94  6.7   63
  In total 3465                            17,425

Tab 2: Fish catches in river Lužnice floodplain segment.  

Summary.

The services are summarised and added up in table 3. Biodiversity refugium and flood mitigation 
are in one order of magnitude higher than carbon sequestration and in two orders of magnitude higher 
than production services. Note the services are related to one hectare of a floodplain (inundated area 
bordered with river terraces). The overall value of all services reached US$ 27,000 per ha.    

   Service     Value per ha in USD
   Flood mitigation (water retention) 11,788
   Biodiversity refugium 1  5,000
   Carbon sequestration       144
   Fish production           37 (528)
   Hay production           78 (200)
   Wood production        21 (166)
   Total      27,068

Tab 3: Monetary value of ecosystem services in Lunice river floodplain per hectare of floodplain area. 

Numbers in brackets: value of service related to hectare of specific land cover - water area, meadows and 

floodplain forest.  

SUSTAINAbILITy4.  

Most of the study area has been designated as a Nature Reserve which secures its protection and 
sustainability. The management is fully adapted to flood pulse regime. However, more than a half 
of meadow and pasture area have been gradually abandoned since 1950 due to the decrease of hay 
production. This abandonment is of a wider scale in the region, as a consequence of lower demand for 
food production. The slow succession towards floodplain forest would probably enhance the services 
like flood mitigation, carbon sequestration and self-purification of water. The biodiversity may be 
affected negatively if all open patches of the floodplain overgrow with forest. Above all, we should 
expect the decrease of macrophyte and plankton species diversity, which depends on light exposure 
of aquatic biotopes (Pithart et al. 2007). The abandonment negatively affects the accessibility of the 
area (high stands of stinging nettle, Urtica dioica), hence it looses its recreational and partly also an 
aesthetic value.            
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case sTuDy:  
 
wesT aRnhem fIRe managemenT 
agReemenT (wafma), ausTRalIa
Prepared by Tropical Savannas CRC, Australia, for the report ‘‘The Role of Environmental 
Management and Eco-Engineering in Disaster Risk Reduction and Climate Change Adaptation’’ 

(ProAct Network 2008), available at www.proactnetwork.org  

bACKGRoUND INFoRMATIoN1.  

This is a case study of an environmental management programme that seeks to avoid seasonally 
occurring disastrous wildfires in northern Australia. Improved fire management is implemented 
through a public-private- partnership. The programme also offsets some of the greenhouse gas 
emissions from the Liquefied Natural Gas plant located in the harbour of Darwin, Australia. 

Fires in northern Australia behave differently depending on the weather conditions and the 
moisture status of fuel components (e.g. grass, leaves and wood) that are available to burn. Fuel and 
weather vary more or less predictably throughout the year:

Wet season, usually January – April: there is plenty of fuel around but the heavy rains and       ✶

 waterlogged conditions mean fires do not start or spread easily.

Early dry season, usually May – July/August: the grassy fuel is still moist following the wet       ✶

 season and the fires that do occur are usually patchy and often go out at night.

Late dry season, usually August– December: grass and litter become tinder-dry and it is       ✶

 typically hot, dry, and windy during the day. Fires can spread quickly, burn through the  
 night and, under severe fire weather conditions, become intense and extensive wildfires. They can  
 defoliate tree canopies and consume even solid woody debris.

The entire extent of northern Australia has been occupied for tens of thousands of years by indigenous 
people who used, and in various places still use fire as a tool for various customary and contemporary 
purposes. While the underlying climate-driven pattern of rain and growth of vegetation (usually 
January–April) and then the drying of vegetation followed by fire (usually May–December) remains, 
the long period of occupation by indigenous people has resulted in plant and animal populations that 
are adapted to a variety of different fire types at various times of year and with varying frequency. 
In the century or so since European settlement this situation has changed dramatically. The broad 
landscape is now sparsely populated with indigenous people living mostly in a few large regional 
settlements. Much of the land and its management is now in the hands of pastoral enterprises to the 
south and west of Arnhem land, adjoining National Parks, as well as emerging indigenous Ranger 
groups and the rural fire agencies — and all operate with relatively few people. But there are still 
plenty of places from which a fire can start (often through accidental ignition or from fires lit for 
other purposes that escape) such as from settlements and roads. If early season fire management isn’t 
in place, such fires can burn over tens of thousands of km2.
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PRojECT DESCRIPTIoN2.  

objECTIvE oF ThE PRojECT

The project objective is to reduce the size and extent of unmanaged wildfires in Western Arnhem 
Land through traditional aboriginal fire management practices. The project also aims to reduce 
fire-related greenhouse gas emissions from Arnhem Land, producing a tradable carbon offset. At the 
same time, the project helps conserve environmental and cultural values in the project region.

LoCATIoN AND CoNDITIoNS 

The Arnhem Land Region is one of the five regions of the Northern Territory of Australia. It is 
located in the north-eastern corner of the territory and is around 500km from the territory capital 
Darwin. 

Figure 1

Arnhem Aboriginal Land covers around 70,000 km2 in the low-lying parts of Arnhem Land, east 
of the stony escarpment. The region is almost all Aboriginal land and has some areas leased for other 
purposes such as Gurig (Coburg) National Park and some mining operations. There is a small area 
of pastoral land in the south-west of the Central Arnhem biogeographic region. Because the region is 
Aboriginal land, together with the neighbouring Kakadu National Park, it forms the largest block of 
land not given over to cattle grazing in the tropical savannas.

This region’s tropical climate, influenced by its proximity to the coast, is characterised by hot, 
wet, humid summers and mild, drier winters. The north-west monsoons deliver much of the 800 
-1600 mm of the area’s annual median rainfall. The generally cloudy days of summer produce an 
average maximum temperature of around 33ºC. During the dry winters minimum temperatures 
range between 15ºC and 21ºC in July.

Like many of the remote savanna regions, Arnhem Land has seen dramatic changes in recent 
decades in the number and distribution of people living there. Vast areas of country which were 
once inhabited are now almost empty and thus largely unmanaged. In particular, the western side of 
Arnhem Land, which backs onto Kakadu National Park, has very few residents. Notwithstanding the 
traditional land management practices of much of the area’s Aboriginal population, many areas are 
now very rarely visited and suffer from the effects of a fire management vacuum. This has implications 
for the ecological health of these parts of Arnhem Land, but also for adjacent land managers. For 
example, Kakadu National Park regularly experiences wildfires which come in on very large fronts 
having originated in Western Arnhem Land. It should be noted that in those parts of Arnhem Land 
where Aboriginal people are living, such as in some of the coastal areas, traditional fire regimes are 
maintained. The incidence of wildfires in these parts of Arnhem Land is markedly less. 

PRojECT SCALE

The programme is implemented across 28,000 km2 in Western Arnhem Land in the Northern 
Territory of Australia. The area is mainly Aboriginal land with approximately 9000 inhabitants.

PLANNING INSTITUTIoN, EXECUTING INSTITUTIoN, SUPPoRTING AGENCy 

The West Arnhem Fire Management Agreement is a partnership between private and public 
institutions and the civil society. 

Darwin Liquefied Natural Gas Pty Ltd - private party of greenhouse gas offsetting       ✶

 agreement

Northern Territory Government  - public party of greenhouse gas offsetting agreement     ✶

Aboriginal Traditional Owners and indigenous representative organisations – implementers       ✶

 of fire management practices

The Northern Land Council – project developer and manager of the fire regimes together       ✶

 with the aboriginal ranger groups; 

The Northern Territory Bushfires Council - research and management     ✶

Tropical Savannas CRC  - monitoring and reporting on greenhouse gas emissions      ✶

All of these organisations employ participatory planning techniques to ensure that Aboriginal 
people are equal partners in the process.
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RESULTS 3.  

If the wildfires that burn across northern Australia can be changed so that there are less frequent 
intense wildfires in the late dry season, so that less grass, leaves and wood are burnt, then less 
smoke and greenhouse gases will be emitted. Reducing emissions in this way from the west Arnhem 
Plateau will offset greenhouse gas emissions from the Liquefied Natural Gas plant at Wickham Point. 
Limiting the frequency and extent of late dry season fires and introducing more patchy, diverse fire 
regimes also benefits biodiversity in northern Australia as evidence indicates that the frequent late 
dry season fires are degrading the habitat that many species depend upon (Woinarski and Fisher, 
2003). Limiting wildfires stops the degradation of different plant communities and helps conserve 
environmental and cultural values of the Arnhem Land Plateau. These include numerous rock art 
sites and around 77,000 ha of rainforest which are being damaged by repeated wildfires.

Currently around 10% of the project area’s landscapes are affected by early dry season fires and 
30–60% are affected by late dry season wildfires in most years. Field studies and remote-sensing data 
have shown that early dry season fires emit less greenhouse gases (CO2, nitrous oxides and methane) 
per area affected than the more intense, late dry season fires. If the proportion of early dry season 
fires can be increased to around 15–20% to create fire breaks and patchy mosaics of burnt country 
and if this then reduces the extent of late dry season burning (more intense wildfires) to 15–20% 
of the landscape, then savings (abatement) of around 100,000 tonnes a year of CO2-equivalent in 
greenhouse gas emissions can be made. Many of the main benefits of the project are seen to be 
in better protecting the natural and cultural values of the plateau and in the social and economic 
stimulus it provides for Indigenous communities.

Figure 2: Fire breaks recorded by satellites (MODIS imagery) during the 2005 fire season on the Arnhem 

Land Plateau. Early dry season fire breaks  shown in green (e.g. black arrow) were put in along rivers and 

tracks and succeeded in stopping the late dry season wildfires shown in pink (e.g. red arrow) that came in 

from the east. 

What timeline is required to establish effective disaster risk reduction in the case study example? 
Is it a temporary or permanent solution? 

Strategic fire management is a cyclic activity that needs to be repeated every year after the wet 
season and throughout the dry season. 

Eucalypt open forests (typically Darwin stringybark (Eucalyptus tetrodonta) and Darwin 
woollybutt (E. miniata) dominate extensive areas of Arnhem Land.  In addition over 10,000 rainforest 
patches are found within this dominant matrix. Other vegetation features include extensive mangrove 
forests, floodplain sedgelands and grasslands, swamp forests dominated by Melaleuca species, and 
heathlands in the sandstone plateau and sandsheets.

Aboriginal Land Trusts hold most of this region as inalienable tenure, and many parts of the 
ecoregion are managed in ways reflecting the more than 40,000 years of continuous occupation 
by these peoples. Over large areas, fire regimes have changed markedly over the last century, with 
increased incidence of destructive late dry season fires, in contrast to the intricate cooler burning 
regimes thought to have been used under traditional Aboriginal management. Approximately half 
of the region is burnt every year. The current regime is leading to degradation of the fire-sensitive 
elements within the landscape, most notably monsoon rainforest patches and sandstone heathland 
plants which reproduce through seed and largely require a fire-free interval. 

Western Arnhem as well as central Arnhem Land are very isolated areas. Road access is limited, 
and the only way of reaching these areas is by walking or by helicopter.

DESCRIPTIoN oF ECoSySTEM MEASURES APPLIED 

The project partners implement strategic fire management from early in the dry season to reduce 
the size and extent of unmanaged wildfires. Strategic early dry season burning involves a mix on on-
ground patch-burning lit by people on the ground and larger scale fire breaks lit along tracks, rivers 
and creeks from helicopters. This breaks up the landscape and makes it more difficult for wildfires 
to spread across the fire breaks later in the year. With strategic breaks in place it becomes more 
feasible to burn later into the year if required. Limiting wildfires will in turn reduce the emission of 
greenhouse gases from that landscape.

STARTING PoINT oF ThE PRojECT; MILESToNES

In August 2006, the operators of the Liquefied Natural Gas Plant consortium in Darwin entered 
into an agreement with the Northern Territory Government to offset some of the greenhouse gas 
emissions produced at the plant. Following assessment of other greenhouse offset opportunities 
elsewhere in the country (e.g. blue-gum and pine plantations), the company decided upon the West 
Arnhem Fire Management project option as being highly cost-effective, and politically relevant to the 
Northern Territory situation. Under the Western Arnhem Fire Management Agreement (WAFMA), 
the Northern Territory Government contracts the Northern Land Council and Traditional Owners 
to implement a fire management strategy.

Research coordinated by the TS-CRC and involving CSIRO, Bushfires NT, the Australian 
Greenhouse Office, NT’s Department of Natural Resources Environment and the Arts, and Western 
Australia’s Department of Land Information underpinned the feasibility of the agreement.
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ALTERNATIvE CoSTS 

Without strategic fire management destructive wildfires degrade Arnhem Land plateau year after 
year. Firefighting extensive wildfires in unmanaged lands is practically impossible and the costs 
would be very high. 

CARboN bENEFITS7.  

Savanna fires are the greatest source of greenhouse gas emissions for the Northern Territory. Based 
on estimates for 2004, burning of savannas contributes 41% of the Northern Territory’s accountable 
emissions (CO2 not included, see below). 

When fire burns grass, leaves or wood, it emits smoke and gases which are produced by combustion. 
The main greenhouse gases produced by fire are CO2, methane and nitrous oxides. The CO2 emitted 
is re-absorbed to a greater or lesser extent by the new plant growth that follows fire, particularly 
in the next rainy or growing season. If fire and plant growth after fire are in equilibrium, then the 
CO2 emitted in the burning season — the dry season — will be balanced by that absorbed in the 
growing season — the wet season. There is emerging evidence, however, that for large areas of far 
north Australia such as Arnhem Land, the system is not in equilibrium and frequent late dry season 
fires are slowly reducing the tree biomass and releasing more CO2 into the atmosphere that is not 
being re-absorbed (Cook et al, 2005).

Field studies and remote-sensing data have shown that early dry season fires emit less greenhouse 
gases (CO2, nitrous oxides and methane) per area affected than the more intense, late dry season fires 
(Russell-Smith et. al. 2004). This is mainly because the earlier fires:

Are not as intense and burn less of the grassy fuel than a more intense fire would — so plants       ✶

 that are burned are often only partially consumed by the fire, and the fire often leaves parts of  
 the plant unburnt.

Do not burn the entire grass layer — often large patches of grass and litter fuels are unburnt       ✶

 by an early dry season fire.

Usually stay in the grass layer, whereas the intense fires typical of the late dry season can       ✶

 move into the upper canopy and can consequently consume the additional biomass of organic  
 matter in tree trunks and branches.

Early dry season fires tend to be more easily stopped by roads, small creeks and rivers or dew       ✶

 cover and so tend to burn less country than a late dry season fire.

Furthermore, if early dry season fires are used to create fire breaks — or strips of already       ✶

 burnt country — in the landscape, this can limit the spread of late dry season wildfires.

If the types of fire that burn across northern Australia can be changed so that there are less 
frequent intense wildfires in the late dry season, so that less grass, leaves and wood are burnt, then 
less smoke and greenhouse gases will be emitted.

SUSTAINAbILITy4.  

Aboriginal Land Trusts manage most of the lands in the area. Fire management in Arnhem Land 
is largely based on the traditional knowledge of the Aboriginal communities. Apart from providing 
long term jobs and other benefits for the aboriginal communities, the programme supports transfer 
of Indigenous knowledge between generations as elders work with young people, and as well as 
helping people to re-establish contact with traditional lands.

LIMITATIoNS oN ThE USE oF ECoSySTEMS IN ThIS PARTICULAR 5.  
hAzARD

Fire management has been practiced in these areas for centuries in a sustainable way. The main 
challenge is related to the absence of communities in areas that have traditionally been inhabited. 
National authorities and an innovative partnership, such as the one described in this case study, can 
encourage and support the return of communities to their traditional grounds. 

Given that prescribed and strategic approaches to fire management will be required to reduce 
wildfire threats in western Arnhem Land for the foreseeable future, the project is envisaged to function 
indefinitely as a greenhouse gas emissions abatement project. However, it is recognised that carbon 
assimilation into living biomass will, over a number of decades as a result of less frequent and less 
intense fires, eventually attain a new landscape ‘equilibrium’. Currently, sequestration in native forest 
systems is not accountable for under Kyoto provisions. While this may change in the future, there 
are clear challenges ahead both for recognising and measuring changes in carbon stocks relative to 
pre-project baseline levels.

IMPLEMENTATIoN CoSTS6.  

As part of the arrangement, Darwin Liquefied Natural Gas will provide around US$ 1 million 
every year for the next 17 years to Aboriginal Traditional Owners of Western Arnhem Land to 
implement a fire burning strategy and offsetting 100 000 tonnes of CO2- equivalent per year.

This project is not generating any income from carbon trading. Rather, it is a fee for service 
arrangement in which indigenous fire managers are being paid for fire management to produce 
greenhouse gas offsets. However, the process and accounting practices used to abate greenhouse 
emissions in this project would qualify for carbon trading if, for example, the market arose in the 
future. This approach has significant potential for application in other fire-prone regions of north 
Australia. 
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The WAFMA is designed to offset about 100,000 tonnes of greenhouse gas emissions per year. 
Currently around 10% of the project area’s landscapes are affected by early dry season fires and 
30–60% are affected by late dry season wildfires in most years. Field studies and remote-sensing 
data have shown that early dry season fires emit less greenhouse gases (CO2, nitrous oxides and 
methane) per area affected than the more intense, late dry season fires. If the proportion of early dry 
season fires can be increased to around 15–20% to create fire breaks and patchy mosaics of burnt 
country and if this then reduces the extent of late dry season burning (more intense wildfires) to 15–
20% of the landscape, then savings (abatement) of around 100,000 tonnes a year of CO2-equivalent 
in greenhouse gas emissions can be made. Note that this is a relatively small fraction of the total 
emissions from the LNG plant - many of the main benefits of the project are seen to be in better 
protecting the natural and cultural values of the plateau and in the social and economic stimulus it 
provides for Indigenous communities.

The international guidelines on what constitutes valid greenhouse gas abatement stems from the 
Kyoto Protocol. To meet these requirements the abatement must firstly involve greenhouse emissions 
that are caused by people — i.e. are “anthropogenic”. Secondly, CO2 emissions cannot be counted 
in the case of fire emissions because these are considered to be re-absorbed by new plant growth 
following fire (IPCC, 1996). Although there is a great deal of evidence(see above)  that this is not the 
case for northern Australian wildfires, the West Arnhem Land project only counts the abatement 
of the non-CO2 gases emitted by fire: methane and nitrous oxides. Even so, 41% of the Northern 
Territory’s greenhouse emissions and around 2% of Australia’s total greenhouse emissions are due 
to methane and nitrous oxides from savanna fires (Australian Greenhouse Office, 2006). Apart from 
methane and nitrous oxides, savanna fires are also a very significant source of the most common 
greenhouse gas — CO2. It has been estimated that the burning of savannas in northern Australia 
releases up to 218 million tonnes of CO2 (Australian Greenhouse Office, 2006) which persist in the 
atmosphere for periods up to seven months of the year over the fire season. This amount is equivalent 
to 38.5% of Australia’s total greenhouse gas emissions in 2004. Although there are considerable 
timing uncertainties concerning the degree to which this CO2 contributes to climate forcing, it is 
clear that the gases produced by savanna fires are an important factor in Australia’s greenhouse 
budget.

CoNCLUSIoNS AND LESSoNS LEARNED8.  

Strategic fire management in Northern Territory of Australia generates multiple benefits. 
Environmental benefits include reduction of greenhouse gas emissions and degradation of ecosystems, 
while economic benefits include increased employment and economic participation of aboriginal 
communities and the avoided economic costs of destructive wildfires and the associated loss of biomass 
and ecosystem services. Finally, social benefits include enhancement of traditional indigenous culture 
related to fire and increased participation of aboriginal communities. 
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JoRDan valley peRmaculTuRe pRoJecT, 
JoRDan
Prepared by Permaculture Research Institute of Australia, for the report ‘‘The Role of 
Environmental Management and Eco-Engineering in Disaster Risk Reduction and Climate Change 
Adaptation’’ (ProAct Network 2008), available at www.proactnetwork.org

bACKGRoUND INFoRMATIoN1.  

The Jordan Valley Permaculture (JVP) project is a pilot project to rehabilitate 4 ha of otherwise 
nonproductive farmland in the southern Jordan Valley, under high salinity and drought conditions, 
using the integrated sustainable design science of Permaculture.  The main environmental concerns 
for the Jordan Valley area, which led to this project are: 

the increasing shortage of freshwater resources for human uses (especially for growing food);     ✶

the decreasing quality of freshwater resources due to high salinity of water and other pollution       ✶

 and the decreasing quality of farm system production.

hAzARDS ENCoUNTERED

 Hazards included drought and high salinity of soil and groundwater.

PRojECT SCALE

The project area was approximately 4 ha and directly involved over 100 people from the area.  
Indirect beneficiaries comprised approximately 30,000 people.

The site is now being used as a training center for a regional water management program for 
all the agricultural communities within the Jordan Valley – therefore indirect beneficiaries have 
expanded with time.

The project was implemented by Nippon International Cooperation for Community Development 
(NICODD - Japan) in cooperation with the Hashemite Fund for Human Development (JOHUD - 
Jordan); both non-governmental organizations focused on rural community development. 

The National Center for Agricultural Research and Transfer of Technology (NCARTT - Jordan) 
implemented an environmental monitoring program to study the impact of Permaculture on farms, 
soil, water, plants, animals and natural resources.  Permaculture Research Institute (PRI) of Australia 
provided technical support and training.

PRojECT DESCRIPTIoN2.  

The primary goal of JVP was to demonstrate the potential for improving human and environmental 
conditions in the Jordan Valley using low-cost, low-tech approaches. This is being done by developing 
a 10-acre (four hectare) pilot project using Permaculture techniques under high salinity and drought 
conditions. 

The objectives are to: 

1. rehabilitate otherwise unproductive farmland through an integrated environmental  
 management model based on Permaculture; 

2. improve the quantity and quality of agricultural production; 

3. improve the livelihood and living conditions of the local people; 

4. study the impacts of Permaculture on the soil, quality of plant and animal production, farm  
 system and local environment.

LoCATIoN AND CoNDITIoNS 

 The JVP site is located in the Kafrin area in the southern Jordan Valley, about 10km from the 
Dead Sea and 6km from the Jordanian-Palestinian border, in the Jordan River basin. The area is 
nearly flat, with very slight slope to the west. Rainfall is 100-150mm/year occurring mainly in two 
or three main events during the winter. 

The area suffers from severe droughts and very low fertility in the soil. The soil is very low in 
organic matter and there is a general absence of natural vegetation cover. The present vegetation of 
the surrounding area includes only scattered wild plants that are tolerant of high salinity. 

The dominant soil texture is fine silt. Soil structure is poor, which adversely affects soil productivity. 
Soil salinity is very high, which prevents cultivation of many agricultural crops (98.1 dS/m). Irrigation 
water is mainly from artesian wells, of salinity about 4dS/m. The area is exposed to frequent strong 
hot winds that cause erosion of the poorly structured soil. According to the Jordan Valley Authority, 
this land has been categorized as an extremely salty area.

The area is made up of a mixed population which includes traditional Bedouin tribes, and long-
term refugees stemming from the creation of the state of Israel and displacement of local populations 
from within Palestine.  The Jordan valley is the most productive farmland in Jordan, which, owing 
to climatic conditions and availability of irrigation water represents the breadbasket of Jordan – 
especially for warmth loving fruits and vegetables.  For this reason, agriculture along with some 
tourism forms the key ‘industries’ of the Jordan Valley.
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Additional details on water resources/quality: 

Jordan is an arid country with limited water resources, and considered one of the 15 most water 
deficient countries in the world1 . The available renewable fresh water resources have decreased, while 
annual consumption continues to increase. 

In fact, the yearly available renewable fresh water resources per person have dropped over 95% 
since 1946 from 3,400 m3/cap/year to less than 155m3/cap/year today. According to 2004 figures, 
Jordan’s total water use was 866 million cubic meters (MCM) for a population of five million people. 

And demand continues to increase with socioeconomic development in the country. Of the available 
resources, agriculture consumes the most at approximately 62.5%, domestic use consumes about 
32.5%, industry consumes about 4.3% and rural use consumes about 0.8%.

Water sources include groundwater, surface water, fossil aquifers, brackish aquifers and treated 
wastewater. According to the 2004 estimates, total renewable water resources was estimated to be 
780 MCM/year, including 275 MCM/yr from groundwater and 505 MCM/yr from surface water. 
However, of this total, only 70% was of economic use. 

In addition, 143 MCM/year was estimated to be available from fossil aquifers and at least 25 
MCM/yr from brackish aquifers after desalination. However, brackish aquifers were not fully explored. 
According to 1997 estimates, amounts of available treated wastewater were estimated to be 65 MCM/
year. Of that amount, 56 MCM/year was used for irrigation in Jordan Valley.

Surface water resources distributed throughout 15 basins in Jordan. The long-term average 
base flow for all basins is about 359 MCM/year. Yarmuk River Basin is Jordan’s greatest source of 
surface water, accounting for about 40% of the annual total. This includes water flowing from Syrian 
territories within the Yarmuk Basin. Yarmuk River is the major tributary of King Abdullah Canal, 
which is considered the main source for irrigation in Jordan Valley. Other surface resources include 
Zarqa River and several wadis that run from the highlands to the Jordan Rift Area. Zarqa River 
flow received treated wastewater from the As Samra treatment plant and other treatment plants 
serving Amman and Zarqa areas. The Jordanian Government has extensively developed surface 
water resources in Jordan with the priority being given to the construction of Dams and Irrigation 
Projects in the Jordan Rift Valley. 

Groundwater is considered to be the major source of water in Jordan, and the only source of 
water in some areas of the country. Twelve groundwater basins have been identified in Jordan 
and most basins are comprised of several groundwater aquifer systems. The long-term safe yield 
of renewable groundwater resources has been estimated at 277 MCM/year. Some of the renewable 
groundwater resources are presently exploited to their maximum capacity and in some cases beyond 
safe yield. Overexploitation of ground water aquifers will contribute significantly to the degradation 
of ground water quality and endangers the sustainability of these resources for future use. The main 
nonrenewable groundwater resource in Jordan exists in the Disi aquifer in the South, with a safe 
yield of 125 MCM/ year for 50 years. Other nonrenewable groundwater resources are estimated at 
an annual safe yield of 18 MCM. 

Treated wastewater is generated at 18 existing wastewater treatment plants in the country. The 
majority of treated wastewater is discharged into various water courses and flows downstream to 

1  Figure based on Total Actual Renewable Water Resources (TARWR) as calculated in AQUASTAT, the United Nation’s 
Food and Agricultural Organization, in 2000 and 2005. http://www.fao.org .

the Jordan Valley for irrigation purposes. By the year 2020, it is expected that the volume of treated 
wastewater will reach to 220 MCM and will become a significant source for the total irrigation 
demand.

Not only has the total available quantity of freshwater resources steadily decreased, but so has 
the quality, due to high salinity levels caused by over-pumping of groundwater and lack of irrigation 
water management. Dumping of wastewater into surface waters has also increased pollution. This 
has been the case of the Khirbit Al-Samra treatment plant that dumped its wastewater into the Zarqa 
River, polluting the Amman-Zarqa basin. 

Additional details on quality of farm products: 

The agricultural community in the Jordan Valley faces other problems besides water that affect 
the quality of farm products. This includes extensive use of chemical pesticides and fertilizers, water 
and soil pollution and solid waste pollution. These factors affect the quality of agricultural products 
and the sustainable use of natural resources. 

In addition, agriculture faces other issues that affect the sustainability of the agricultural process, 
such as the marketing of agricultural products and competition with regional and international 
markets.

When considering the environmental characteristics of the Jordan Valley, it became apparent 
that several actions were required to improve the quality of agricultural products and ensure the 
sustainable use of resources. 

These actions were: 

1) study the environmental impacts of using low-quality water for irrigation and the  impacts of  
 agricultural chemicals on the quality of soil and plants; 

2) greater efforts by national and international organizations to improve agricultural practices,  
 management and quality of products; 

3) reducing the negative impacts of conventional agriculture on soil, water, plants and the local  
 environment; and

4) introducing new agricultural technologies, such as integrated pest management, organic  
 farming and Permaculture.

DESCRIPTIoN oF ECoSySTEM MEASURES APPLIED:

An environmental monitoring program was implemented for the farm by NCARTT to assess 
the impacts of Permaculture practices on the farm and the natural resources. The program included 
periodic soil, water and plant sampling and analysis. Soil analysis included soluble ions, pH, salinity 
(EC), organic matter (OM%), texture, CaCO3 and heavy metals. Water analysis included soluble ions, 
pH and salinity. Plant analysis included Nitrogen (N), phosphorous (P), potassium (K) and heavy 
metals. Crop yields and water use was also monitored, and compared with others in the area. 
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The 10-acre pilot farm was planted for agricultural production using the principles of Permaculture2 
. Permaculture depends on the application of specific agricultural patterns and practices that aim 
for sustainable use of soil, water, plants and animals by design. It is an integrated system for the 
environmental management of agricultural process, natural resources, local community and 
environment in one design system package. 

STARTING PoINT oF ThE PRojECT; MILESToNES

The 4 ha land area for the pilot farm was determined using standard surveying tools.  Topography 
maps were prepared for the farm to show slope and contour lines. The farm was fenced and supplied 
with the necessary infrastructure services. An unnatural erosion gully is present running along the 
outside of the southern boundary of farm from east to west direction caused by road water run off 
concentration.

Rainwater harvesting contour swales3  were designed and implemented from south to north 
direction.  Swale size on the project site is 2-3m wide of concave rounded shape 1/2m deep channel 
and 1/2m high mound, two sides and exactly on contour, the swales mainly stretch across the farm 
from the north boundary to the south boundary from 100m to 250m in length. 

Eight swales were excavated in total with a combined length of 1.5kms. The first swale established 
close to the road side of the farm collects most rainfall water from the road run off. Other swales were 
constructed along the farm in a way to collect the maximum amount of rainwater from the farm area 
itself and some from the erosion gully on the southern boundary in large rain events. 

Each swale is connected to the erosion gully through a concrete pipe of 25cm diameter. Rainwater 
is collected at each cement pipe using a gabion silt trap made of rocks and stones, built just down hill 
from the entrance of each pipe to divert the runoff water through the pipe to the swales during the 
two or three large rain events each year. 

Fine soil particles and organic matter are also collected with the harvested water to improve soil 
fertility. The end of each swale is connected to the next swale by an over flow spillway to allow for 
collection of extra water by the lower swale. Constructing the swales on exact contour allows for 
larger amounts of water storage in soil profile and prevents surface runoff also greatly reducing 
evaporation (see attached site diagram). 

A plastic lined irrigation water storage dam was constructed in the farm and stocked with fish 
(tilapia). The dam is supplied with a water pump (8.5hp, 40m3/h) and filtration unit (sand and screen 
filter). A drip irrigation system is installed and supplied with viro-jet type drippers of 60 L/h discharge 
where each tree receives one dripper. 

2  Permaculture or “sustainable agriculture” is a system of design science established by Professor Bill Molison from 
Australia who studied the natural system characteristics and established the Permaculture system which creates sustainable human 
settlements protects the environment and improves the quality of agricultural products.  For further information, visit http://www.
permaculture.org.au

3  Swales are water harvesting features created by precise earth works usually exactly on contour with a form in the shape 
of an excavated channel with a soft un-compacted mound on the lower side varying in size in relation to the size of land and profile 
of the landscape and the potential volume of water harvestable.

The drip systems are covered with soil and plant mulch materials to protect the system from 
sunlight and reduce irrigation water evaporation. A small concrete raised pond is established on the 
farm for the geese in their fenced area, and water from the pond is circulated to irrigation dam on 
daily basis to provide liquid nutrients for plants and refilled daily. 

Pilot Farm Planting

 Planting was done on both swale sides along the full length of each swale. The upper side of 
each swale was planted with legume forest trees leaucaena, acacia, parkennsonia, prosopis, casuarina, 
sesbainia sesbans, albizia julibriesens and others to fix nitrogen to the soil, and reduce evaporation 
through shade and wind shelter. On the lower side of the swales fruit trees were planted.

Tree spacing was 4m for most fruits and 8m for date palm trees. Trees were planted according to 
the following procedures: a hole was dug and first covered with old cotton cloths and old newspaper 
then manure and mulch (plant residue material) added then some soil. After this, the tree was placed 
in the hole and filled with soil until the hole was half full then putting another layer of mulch on 
until the hole was full then the hole covered with another layer of newspaper and more mulch. 
After planting the trees were irrigated thoroughly using the drip system making sure more than 
1m3 of soil was wet. Trees included olive, fig, guava, date palm, pomegranate, grape, citrus, carob, 
mulberry, and tuna cactus. Forestry and ornamental plants included berconsonia, julifolia, Casuarina 
equistifolia, Jasmine, Acacias, poplar eucalyptus, shrubs, ground covers flowers and others. Vegetables 
crops included tomato, pumpkin, Egyptian cucumber, onion, eggplant, garlic, pepper, rocket, parsley, 
radish, Jew’s mallow, sesame, and others. Vegetables crops were planted between swales as contour 
rows incorporated with other vegetables and flowers. 

Some vegetables were planted on the swales for comparison purposes. Barley and alfalfa were 
planted as legumes and forages for farm animals between swales. Manure was added to trees, 
vegetables and forage crops before planting and after planting on a regular basis (each 7-15 days 
period) to improve soil fertility. 

Plants were irrigated according to their needs on a weekly basis. The amount of irrigation water 
used was much less than compared to conventional agriculture, even during spring and summer 
seasons, due to the storage of rainwater infiltrated into the soil profile during the winter season. 
Irrigation records were prepared for the farm to show and organize all irrigation operations. The 
irrigation source was well water of salinity 3.98dS/m. 

Plant residue including banana leaves straw, weeds and others was used as soil mulching beneath 
trees and on soil surface. Residues were also used to cover all swales to conserve water, to prevent 
evaporation of the stored water and to improve soil physical, chemical and biological properties. 

Animals raised on the farm included chickens, pigeons, turkey, geese, ducks and rabbits. Sheep 
and a dairy cow were also introduced once there were enough trees and plants growing that could be 
harvested for cut forage without over-taxing the system. Animals were introduced to achieve plant-
animal integration, generate income and to provide manure for different crops. Animal housing was 
built using local materials like mud, straw, stone and others necessary materials. 
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Plant Protection and Pest Control

 Plant protection consisted of implementing agricultural practices to control pests on the farm. 
This included crop diversity to prevent fast spread in the case of pest infestation, planting herbs and 
flowers which attract natural pest enemies and planting repellant plants, such as lavender, rosemary, 
onion and garlic, with the main crops to repel and distract insect attacks. 

In addition, other practices were implemented to protect plants such as irrigation scheduling, 
removal of infected plant parts and the use of natural materials for plant protection like sulfur or 
the extract of tobacco, onion, garlic, neem and Schinus molle. Farm care and maintenance done 
periodically, such as natural mulch addition, animal and plant care, farm clean up, preparation and 
use of compost also helps to reduce pests and disease.

Public Awareness, Training and Local Community Involvement

 At the beginning of the JVP project, public awareness activities were conducted, mainly in the 
form of Permaculture Design Courses for the local community. The courses were conducted to 
raise awareness of the project’s concepts, Permaculture methods, practices and role in environment 
protection. 

Activities focused on home gardens, usually maintained by women as a major target group, in 
addition to farmers, to raise their awareness and involve them in the project activities. Public awareness 
activities introduced also the pilot farm project for the community and explained its purpose. The 
local community participated actively in the public awareness activities conducted during the project 
period. These focused on Permaculture, environment conservation and other issues. 

About 100 participants (50 male, 50 female) participated in the public awareness activities and 
Permaculture Design Courses. These activities where recognized as first stage project activities.

After this stage, the project conducted a practical training program for women groups to train 
them on Permaculture methods, tools, practices, rainfall harvesting techniques, plantation, soil 
conservation and management, safe plant protection, agricultural patterning, organic farming, 
composting, natural system characteristics, environment protection, small project management and 
others. 

These training sessions were recognized as crucial to give women groups the necessary skill for 
implementing Permaculture projects. Training sessions were delivered by international Permaculture 
experts and other national experts. Thirty participants from local community received specialized 
training during this period. 

In addition to local stakeholders (Ministry of Planning, Ministry of Agriculture, Ministry of 
Health, Ministry of interior and others), the JVP project established a committee from interested 
local community groups to continue awareness and training activities. The committee consisted of 
10members whose aim was to enhance community participation in the project in order to encourage 
them to play a vital role in the project implementation process, follow up project activities, farm 
progress, and other activities. The committee held regular monthly meetings to assess progress and 
conditions of the project.

A revolving fund mechanism was set up that aims to provide loans to local community members 
to implement small income-generating Permaculture projects at their household garden. Activities 
include animal raising, tree planting, Permaculture practices and others. 

The JVP project established a four member committee from the project parties (donor, JOHUD and 
two representatives from the local communities) to manage the fund. The committee prepared bylaws 
for the revolving fund and was responsible to study, screen and make decisions for loan applications 
from local clients. It held regular meetings where it made decisions on applications.

As part of the community involvement, participants from the local community, especially women, 
participated in the application of Permaculture practices on the pilot farm. They followed up on 
farm design, establishment, and rainfall harvesting system construction, tree planting and daily 
farm routine activities. The impact of public awareness and training activities and adoption of new 
techniques by the local committee was evaluated during the project period.

RESULTS3.  

PLANT GRowTh UNDER PERMACULTURE PRACTICES

Fruit and Forest Trees: 

After two years of monitoring the farm, when compared with other plants, the following 
plants showed a good growth and yield on the farm: olive, fig, date palm, guava, tuna cactus, and 
pomegranate. For forest and ornamental plants the following plants showed a good growth as well: 
leaucaena, albizia, berconsonia, casuarina, acacias, prosopis julifolia, shinos moll, jasmine, eucalyptus 
and poplar. The percentage of success exceeded 90%, while grape and jujube success was 60% and 
50% respectively.

Pomegranate and fig showed more intensive growth compared with other crops on the farm, even 
though the local community did not advise planting both of them due to the salt conditions of soils 
in the area. The application of Permaculture design and planting inside the swales with heavy mulch 
has had a great impact on the success of crops in the farm. 

Legume forest trees incorporated in swales had a positive impact on fruit trees growth, while 
other fruit trees cultivated outside swales shows less growth. Legume trees improved the soil fertility, 
reduced direct sunlight on fruit trees and reduced wind stress, which had a positive result on fruit 
trees growth. 

vegetable Crops:

 Most vegetable crops showed a great success under the Permaculture system. Eggplant, tomato, 
onion, garlic and Jew’s mallow showed very good growth and yield, while pepper and pumpkin showed 
less growth due to infection with spider mite, shading from trees and late planting. Rocket, parsley 
and radish were also successful under the Permaculture practices. Plant care and sound agricultural 
practices had a great role in improving plant growth.
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Forages: 

Barley and alfalfa were both planted on the farm to improve soil physical properties and to provide 
food for animals. They showed a good growth, despite the high soil salinity. Alfalfa is harvested 
periodically to feed animals while barley is harvested at the end of the winter season. The yield of 
crops is close to the yield of similar crops under conventional agriculture as practiced by neighboring 
local farmers. For example, barley yield is about 180Kg/dunum, where for the project was about 
200Kg/dunum. 

wATER USE EFFICIENCy

Crop yields, with respect to water consumption, were generally high. Because much less irrigation 
water was applied under the Permaculture design system, water use efficiency values surpassed 
those of conventional agriculture. For example, onion yield was 13.3 ton/ha and the estimated water 
consumption was 254 m3/ha/season. 

The water use efficiency was 7.59kg/m3. Barley yield was 2ton/ha and the estimated water 
consumption was 179m3/ha/season and the estimated water use efficiency was 17.98kg/m3. The 
amount of irrigation water estimated was based on discharge rate and the estimated time of irrigating 
target crops.

The evidence of minimum water use efficiency and water conservation is supported by the field 
observation from the farm. Irrigation water stopped on the farm during August, which is the warmest 
month in the area while no adverse effects or stress noticed on the plants and trees. This supports 
the hypotheses that Permaculture design practices have a great role in reducing water needs during 
summer on the farm. 

Permaculture practices reduce water needs due to water harvesting and storage by swales, shading 
of fruits trees and vegetables by legume trees and use of plant residue as natural mulching for soil 
insulation and humus creation. In addition, some crops were planted to act as living mulches like 
portolaca, sweet potato which were planted throughout the fruit tree systems. 

The reuse of wastewater from the goose pool and the use of drip irrigation also contributed greatly 
to increase of water conservation on the farm. As mentioned before, irrigation scheduling was once 
per week while for the conventional farms in the same area it is twice per week. The percentage of 
water saving is estimated to be about 40%.

IMPACTS oF PERMACULTURE oN SoIL PRoPERTIES AND PLANT PRoPERTIES

Irrigation water Infiltration: 

Selected soil properties were recorded before cultivation and after one year of establishment. Before 
the project, the soil had low water infiltration due to high silt content and high Sodium Adsorption 
Ratio (SAR) value as observed from high surface runoff during winter. Once the Permaculture system 
was established, water infiltration into the soil increased evidenced by no water staying on soil surface 
during irrigation. 

The SAR value for soil extract was reduced after one year of establishment, which means less 
effect of Na on soil structure. The increase in water infiltration is due also to the use of natural 
mulching and planting of barley and alfalfa to improve soil physical properties. In addition, the zero 
tillage practice, which was maintained during the year, resulted also in improving soil structure due 
to less compacting.

Soil Salinity: 

Soil salinity in swales was reduced, as compared to the beginning of the project. There was also a 
significant reduction in soil salinity before and after one year due to the application of Permaculture 
design practices, even though the farm depends on saline water of about 4dS/m salinity for irrigation. 
Swales established in the farms resulted in collection and storage of rainwater that leached the salts 
from the soil. The use of natural mulching prevents water evaporation and prevents salts accumulation 
on soil surface. It also works as a buffer to reduce the long-term effects for salts on soil and plant. 

Soil Fertility, organic Matter Content (oM) and soil ph: 

The soil OM content increased through the continuous practice of using natural mulching from 
plant residue and composting of animal manure. Natural mulching improves the soil ecosystem 
by increasing the number and type of soil organisms and improving soil microbiology growth. In 
addition, legume crops and trees increased N-content and improved soil fertility. The reuse of waste 
water from the goose pool enriched the irrigation water pool and soil with many nutrients like N and 
P. 

The use of natural mulching resulted in a decrease of soil pH, although the soils in the area are 
normally very alkaline. This is due to the decomposition of plant residues and production of humic 
acid as a by product of decomposition, which decrease soil pH.

Plant Tissue Content: 

The results of a selected analysis for some plants from the farm showed very low content of heavy 
metals, especially cadmium and lead where these metals are usually present in crops grown by farmers 
using chemical fertilizers, especially cadmium. This reflects the role of Permaculture in improving 
soil and plant quality. The content of plant nutrients (NPK) is within the average content which 
reflects the availability of plant nutrients in soil system. 

IMPACTS oF PERMACULTURE oN bIoDIvERSITy CoNSERvATIoN AND LoCAL 
FARM ENvIRoNMENT

Permaculture practice depends on cultivation of native plants from the project area plus the diversity 
of crops on the farm including fruit trees, legumes trees, legume crops, vegetables, ornamentals, 
forages and others. The farm now has a large diversity of native birds, reptiles and small mammals. 
Many local species of plants like halophytes, weeds, flowers and others that were not present at the 
beginning of the project now grow on the farm due to the diversity of crops and other benefits under 
the Permaculture design practices.

The soil ecosystem has also greatly improved. Permaculture creates a good local environment for 
rehabilitation soil organisms. The soil under the mulch is enriched with many microorganisms that 
make the soil alive and improve the soil ecosystem.
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Plants in swales, especially legume forest trees, provided many benefits to the farm, such as 
reducing wind speeds and creating local micro-climates appropriate for other plants like vegetables. In 
addition, the Permaculture practices such as not using chemicals and soil conditioners also improved 
the farm environment, natural resources conservation and agricultural products quality.

Farm animals completed the integrated system, creating important links between soil, plants, 
animal and back to soil in a natural cycle functioning as an ecosystem. Chickens scratch the soil 
continuously, eat insects and add manure to the soil. Pigeons eat insects such as flies and harvest 
seeds from the larger environment outside the farm, bringing in high quality nutrient in the form of 
manure. 

Green plants now cover most of the farm area. The integration of plants and animal on the farm has 
resulted in a natural ecosystem of self dependence and the integration of farm inputs and outputs. The 
farm presents a pilot model for the sustainable management of natural and agricultural resources.

EFFECTS oF PERMACULTURE oN INSECTS AND DISEASES PRoPAGATIoN

An ecosystem type of balance is present on the farm. Field studies have shown that insects and 
their predators are present on the farm. For example aphids are present, but so are many of their 
predators so they are continuously kept in check. During the project period, no serious infection 
occurred on the farm except a spider mite infection that was controlled using natural sulfur. The 
diversity of crops, trees, weeds, legumes, Permaculture practices and plants and animal integration 
all encouraged the ecosystem balance on the farm.

EFFECTS oF PERMACULTURE oN ENvIRoNMENT AND LoCAL CoMMUNITy

Permaculture is a new concept implemented in the area, and its impact on the environment and 
local community was very apparent. The normal practice in the project area is monoculture, where 
farmers use extensive amounts of fertilizers and pesticides which result in negative impacts on human 
and environmental health. With the implementation of the JVP project, the local community accepted 
and understood the application of Permaculture concepts and production of organic products and saw 
value in this approach.

The local community has shown great interest in following up project activities and training 
sessions. Handouts and technical information were given to participants to provide them with the 
necessary information. Locals, primarily women, made regular visits to the pilot farm to assess 
farm progress and the impact of Permaculture. The impacts of training activities were very clear on 
participants. 

Participants gained new skills and practices in farm agricultural management, which is very 
important for the sustainable use of natural resources. Participants learned about other water 
resources activities, such as rainfall harvesting practices and grey water re-cycling and its uses. This 
taught them the importance of local natural resources. 

Meetings held by local committees resulted in a positive impact on community involvement with 
the project activities.  For example, women’s groups who were trained in Permaculture practices 
implemented similar projects in their own home gardens. The project trained 30 women and men from 

the community. Fifteen of them implemented Permaculture projects at their household garden. Most 
household Permaculture projects were implemented by women. The project gave technical assistance 
and small loans for them to implement Permaculture activities. This resulted in the realization by the 
local community of the importance of Permaculture and its impacts on their health issues. 

SUSTAINAbILITy4.  

The JVP project played a role in diversifying production patterns for plants and animal that improves 
product marketing and increases the return from the farm. The project launched a revolving fund 
to help the local community to implement small agricultural projects with a focus on Permaculture. 
The revolving fund has had a great impact in helping the local community to implement and sustain 
Permaculture practices in their household gardens. The project donates 140 revolving loans for local 
community members (male and female) to implement agricultural and commercial small businesses 
and 100 loans used for agricultural and Permaculture projects.

Now that the project has been in operation for three years, the farm has abundant green cover and 
Permaculture ecosystems are well established on the farm. The farm is cultivated now with different 
productive crops which are used to generate income for the local community. At the household level, 
different crops are also cultivated to provide supplemental food for the families. Families have stopped 
using chemicals for plant protection or fertilizers for soil improvement and now they depend on safe 
methods and materials for plant protection and organic manure, and compost and plant residue for 
soil improvements.

LIMITATIoNS oN ThE USE oF ECoSySTEMS IN ThIS PARTICULAR 5.  
hAzARD

The only limitations are the need for a thorough education of the people involved in establishing 
a demonstration site as a living example that proves the system works.  Educational courses need 
to be an on going process for local people to understand how to transition to sustainable land use 
systems.

IMPLEMENTATIoN CoSTS6.  

In most cases implementation and input costs are no higher than the present agricultural practices 
that are causing the damage and degrading the landscape, and over time they are less and production 
volumes and quality increase.
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CARboN bENEFITS7.  

The carbon benefits are difficult to measure, but potentially enormous in the increased biomass 
above and below the soil.  Incorporating tree cover with water harvesting earth works greatly 
increases soil biomass where very large amounts of carbon are locked up.

CoNCLUSIoNS AND LESSoNS LEARNED8.  

The results show that the application of Permaculture methods and introducing Permaculture 
techniques like swales, natural mulching, rainfall harvesting, legume cultivation, have a clear role 
in improving soil properties, increasing soil organic matter content and reducing soil salinity. In 
particular; 

The pilot farm produced fruits and vegetables free of chemicals that are safe for human       ✶

 consumption.

The farm represents a pilot model for sustainable management of natural resources especially       ✶

 soil, water and plants under extreme drought and salinity conditions. The local community  
 has adopted the project and implemented Permaculture practices in their household gardens.

There is greater awareness among the community members of the importance of local natural       ✶

 resources like native plants, local plant varieties, agricultural wastes, recycling and local  
 community experience to deal with farm problems and implement the Permaculture  
 practices. 

The local community played a crucial role in the success of the project. They learned and       ✶

 adopted new practices for water, soil and natural resources management as well as agricultural  
 production.

ADDENDUM: SUbSEqUENT joRDAN vALLEy PERMACULTURE 9.  
PRojECT

As of 2008, the Permaculture Research Institute has started another Permaculture project in the 
Jordan Valley. The project is a model of sustainable arid land development, demonstrating that all the 
basic needs for a healthy, meaningful, peaceful lifestyle can be affordable, understood and achieved by 
economically poor local people. 

The project site is typical marginal arid land settled by poor people of the area. It will feature 
demonstrations of energy efficient appropriate housing with natural cooling systems and a plant 
nursery attachment, solar electricity, solar hot water, biological waste water treatment recycling, 
dry compost toilet, rain water harvesting earthworks, greening the desert diverse inter-active plant 
animal and tree systems for local food production and processing.

The demonstration house will function as a classroom, administration office for the project and 
the local community Permaculture group. Once fully established the project will serve as a model 
that can be replicated throughout Jordan and other counties in the region. The project is expected to 
be completed in 2011.

Figure 1: Site map

figure 2: Site photos; (a) before project; (b) 6 months ; (c) 3 years, 2003; 
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