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1. Metadata
Name of data layer: Fiji Catchments.tab

Contents: Key information on 333 catchments in Fiji including data on relative erosion prediction, road length, forest cover, area logged between 1992 and 2004 etc.
File Format: MapInfo 7.0
Custodian: Wildlife Conservation Society (WCS)
Year of preparation: 2005
Year of release: 2005

Projection: Fiji Map Grid (UTM and WGS 1972 datum)

Coverage: Whole of Fiji

Intended Usage:  For conservation planning and management

	Island
	Relative Accuracy Level
	Comments

	Viti Levu
	High
	Slopes, soils, total and seasonal rainfall and landcover available

	Vanua Levu and Taveuni
	Medium
	Slopes, total rainfall and landcover available

	Outer islands
	Low
	Only total rainfall and landcover available


Accuracy levels: 
Data Fields: 
Island Name; Catchment Name; Sub Catchment Name; Area (Ha); Viti Levu REP; Vanua Levu REP; REP Class; Total # Creek Crossings; Creek Crossings/Sq Km; Creek Index; Rd Length (Km); Rd Length/Sq Km; Rd Length Index;  Forest Area (Ha); Forest %; Forest Index; Logged Area 92-04 (Ha); Logged Area (% of 92 forest); Logged Index; WDI Total; WDI Index; Combined Threat Index; Critical Index.
Distribution policy:  This data is freely available. However, please acknowledge the source of data as: “WCS. 2005. Fiji Watershed at Risk –Watershed Assessment for Healthy Reefs and Fisheries”. 
Contact information: 
Wildlife Conservation Society- South Pacific Program

11 Maafu St

Suva

Tel: 331 5174
E-mail: jatherton@samoa.ws; dolson@wcs.org; lfarley@wcs.org
2. Technical Notes on Methodology

Note: For more information please refer to the report titled: “WCS. 2005. Fiji Watershed at Risk –Watershed Assessment for Healthy Reefs and Fisheries”, prepared under the United States Department of State OESI Grant # SFJ600 04 GR 004.
2.1 Relative Erosion Potential (REP)

The relative erosion prediction index is a relative measure of the predicted erosion under current land cover, from each watershed. The index can be used to compare watersheds qualitatively but not to determine absolute erosion rates from each watershed. An erosion prediction model has been developed based on five of the most important environmental factors influencing erosion, namely: slope, land cover, total rainfall, rainfall seasonality, and soil erodibility.

The major determinants of soil erosion are rainfall erosivity and soil erodibility (Morrison 1992). Rainfall erosivity itself is a property of rainfall which can be described and quantified as the potential capacity of rain to cause erosion in given circumstances. Soil erodibility is a property of soil which can be defined and quantitatively evaluated as the vulnerability of the soil to erosion in given circumstances (Hudson 1977). Soil erodibility itself is dependant on the intrinsic properties of the soil itself and how the soil is used which itself is dependant on the slope angle, the length of slope, the type of vegetative cover and cultivation practice and the extent of conservation practices, if any. 
A mathematical relationship to estimate soil erosion, termed the Universal Soil Loss Equation (USLE), has been developed which combines all these factors (Wischmeier and Smith 1965). However, there are considerable reservations about the applicability of the USLE under Fiji conditions (Morrison 1992). Furthermore, using the USLE to determine potential soil erosion rates throughout Fiji would require substantial data for a large number of factors at significant spatial resolution. Such data are, in most cases, lacking. Consequently, a simpler, modelling equation was developed for this study based on work done for Fiji’s forest function map (Watling 1994), and on global work on assessing the impact of watersheds on coral reefs (Bryant et al. 1998). 
A model of Relative Erosion Prediction (REP) for Fiji watersheds was developed based largely on the methodology used for the determination of forest functions in Fiji (Watling 1994). The Watling model was refined to incorporate land cover information generated by the Fiji Forest Department for the main Fiji islands supplemented with more recent land cover data from other sources. The formula for the REP is as follows:

Relative Erosion Prediction (REP) =  slope factor + soil factor + rainfall intensity factor + rainfall seasonality factor + land cover factor

GIS values (relative weightings) were assigned to each factor as follows:

i. Slope

Slope is recognised to have a major influence on soil erosion rates. In the Reefs at Risk erosion model (Bryant et al 1998), it is given the biggest weighting, followed by land cover and then precipitation. Similarly, in the Fiji forest function model (Watling 1994), extreme slopes (over 60%) are given an over-riding weighting to override other contributions in the identification of forest that should be protected. 

Slope maps were generated from Digital Terrain Models (DTMs). DTMs at 25m resolution for Viti Levu and Vanua Levu were obtained from SOPAC while DTMs for other islands were generated from 20m contour maps. 

The slope classes selected for the Fiji forest function map (Watling 1994) were also selected for this project with one minor change. Areas of very low slope (less than 3.5%), were given a GIS value of 0.5 to reflect the fact that there is no significant erosion on such slopes (Table 1).

Table 1. GIS Values for Slope Classes 

	Slope
	Description
	GIS Value

	%
	X°
	
	

	0-3.5
	0-2
	Very Low
	0.5

	3.6-30
	3-16
	Low
	1

	31-50
	17-26
	Moderate
	2

	51-60
	27-31
	Steep
	3

	Over 60
	Over 32
	Extreme
	9*


* Over- ride value of 9 is given to extremely steep slopes   

ii. Rainfall

There are two important parameters of rainfall that influence erosion. The first is the rainfall intensity, and the second is the rainfall seasonality (Watling 1994). Rainfall intensity relates to the amount of energy imparted by falling rain on the soil, while seasonality is important because the vegetation in areas with severe dry seasons is much reduced and the soil is therefore more vulnerable to any sudden major rainfall event.

There were two sources of data for the rainfall maps. The first source was Fiji’s Forestry Department which provided the iso-erodent and rainfall seasonality maps which had originally been produced for the Fiji Forest Function map (Fiji Forestry Department 1994). These maps covered Viti Levu (iso-erodent and seasonality) and Vanua Levu (iso-erodent) only. The second source of data was the Fiji Meteorology Department which provided rainfall data for a number of the other islands.  

Rainfall Intensity
Rainfall intensity quantifies the erosive forces of rainfall and runoff and is given the code R in the USLE. As noted by Watling (1994) iso-erodent maps (measuring the rainfall factor R) have only been prepared in Fiji for the Rewa and Ba watersheds (Nelson 1987). Consequently, a proxy must be chosen to estimate the rainfall intensity. Watling (1994) in the Fiji forest function mapping project used Roose’s (1977) formula which was developed in tropical West Africa with a similar rainfall regime to Fiji.  Roose’s formula relates the rainfall factor (R) with the mean annual rainfall  (H):

R/H = 0.5 

Thus, an estimate of R can be obtained quite simply by dividing the annual rainfall in two. A tentative iso-erodent map for Viti Levu and Vanua Levu was generated by the Fiji Forestry Department based on the three iso-erodent classes used in the Watling erosion model (Table 2). 

Table 2. GIS Values for Rainfall Intensity

	R- Isoerodent Value
	Isoerodent Class
	GIS Value assigned

	< 2000mm
	High
	1

	2001-3200mm
	Very high
	2

	> 3201 mm
	Extreme
	3


Rainfall seasonality
Rainfall seasonality is an important contributing factor to soil erosion because heavy rains following an extended dry period, when upper soil horizons are desiccated and vegetation cover may be stressed, are highly erosive. Watling notes that a commonly used index that is significantly correlated with sediment yields in rivers is Fournier’s (1960) ratio of p2/P where p is the highest mean monthly rainfall and P is the mean annual rainfall.  The ratio is an index of the concentration of rainfall into a single month and therefore gives a crude measure of rainfall seasonality. The classes used in the Watling erosion model were used in the analysis (Table 3).

Table 3. GIS Values for Rainfall Seasonality
	Seasonality Value

(p2/P)
	Seasonality Class
	GIS Value assigned

	< 70 mm
	Moderate
	1

	> 70 mm
	High
	2


iii. Soil erodibility

Watling’s (1994) soil erodibility index was used for the development of the soil erodibility factor (see Table 4). Soil mapping was based on the work of Twyford and Wright (1965). The digital soil map for Viti Levu was obtained from SOPAC, but the Vanua Levu soil map could not be obtained.

Table 4. GIS values for soil erodibility
	Soil  Classification
	GIS Value assigned

	Recent soils- coastal sands
	2

	Recent soils- alluvium
	1

	Nigrescent – limestone origin
	3

	Nigrescent – from other sources
	4

	Latosolic soils
	2

	Humic latosols
	3

	Ferruginous Latosols
	4

	Red-yellow Podozolic soils
	3

	Gley soils
	2

	Organic soils
	4

	Saline soils- marine marshes
	3


 Legend for Erodibility Index

	Erodibility Index
	Rating

	1
	Low

	2
	Moderate

	3
	High

	4
	Severe


iv. Land Cover

Land cover has a major influence on erosion levels because vegetation intercepts much of the rainfall and reduces the energy of rainfall on the soil surface and thereby lowers the extent of soil detachment (Morrison 1992). Other influences of vegetation include the binding effect of roots in keeping soil in place and the influence of organic matter in supporting soil microflora and fauna which further promote soil aggregation (Morrison 1992).

The GIS values used for the analysis are based on relative erosion rates developed by the Reefs at Risk project and applied to International Geosphere-Biosphere program (IGBP) land cover classes (Bryant et al. 1998). Erosion rates for each land cover class have been reclassified and grouped into a GIS value ranging from 0 to 4 (Table 5).

Table 5. GIS Values for Land Cover Classes

	Land Cover Class
	Relative Erosion Rate
(Bryant et al 1998)
	GIS Value assigned

	Water bodies
	0.5
	0

	Dense or Medium Dense Forest (multiple use, protection or preserved)
	1.0
	1

	Mangroves
	1.0
	1

	Timber Production Hardwood Forest 
	1.0
	1

	Amenity Hardwood Forest
	1.0
	1

	Timber Production Pine Forest
	1.5
	1

	Amenity Pine Forest
	1.5
	1

	Scattered Forest (multiple use, protection or preserved)
	4.0 to 8.0
	2

	Coconut Areas
	12.0
	3

	Sugar Cane
	21.0
	4

	Other non forested areas
	-
	3


There were two main sources of the land cover maps used in the analysis. For the larger islands including Viti Levu, Vanua Levu, Taveuni, Gau and Koro, the forest function map (Fiji Forestry Department 1994) was used, while for all other islands, the forest cover was digitised from the Lands and Survey 1:50,000 topographic map series. Finally, a map of sugar cane areas on Viti Levu and Vanua Levu was added to the land cover maps.

2.2 Combination of environmental factors to determine Relative Erosion Prediction

The five environmental factors (slopes, soil erodibility, rainfall seasonality, rainfall intensity and land cover factor) were all added in the relative erosion prediction (REP) model. Note that water bodies were given a GIS over-ride value of 0 to reflect the fact that there is no soil to erode in such bodies.

Modelling was performed using a MapInfo extension called Vertical Mapper. Before the factors could be combined they were all converted to a 100 x 100m (1 ha) pixel raster format and projected to a common projection (Fiji Map Grid).  Each watershed was then ranked based on two statistics: the average REP and the total REP for each watershed. A summary of the GIS values assigned to the factors and how watershed status was classified, is given below.
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2. Rainfall intensity
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3. Rainfall seasonality
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4. Soil Erodibility
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4

5. Land cover


Water body


0
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1


Scattered forest 

2
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3


Unspecified non-forest
3




Cane land


4

The full model using all five environmental parameters was only run for Viti Levu, due to the lack of GIS data layers available for Vanua Levu and the other islands. A simpler model was run for Vanua Levu and Taveuni using only three of the parameters, namely, slope, rainfall intensity, and land cover. The model was not run for the other islands due to the unavailability of key layers such as slopes and rainfall seasonality data.

2.3 Watershed Development Index
The Watershed Development Index (WDI) relates to watershed development, or the degree to which the watershed has been impacted by infrastructure. In this case, road length per km2, number of creek crossings per km2 and the area logged between 1992 and 2004, were used as indicators of infrastructural development and then combined into a composite development index. Each factor is described below:

i. Road density

Roads promote erosion by disrupting the natural flow of water down slopes and rapidly funnelling rainfall events such that increased scouring occurs. In the Fijian context, roads in small watershed may be the principal source of sediment (Nelson 1987). This is particularly true in logging areas because the roads and skid tracks are not sealed and are often poorly designed and constructed on steep slopes with poor drainage (Nelson 1987). Research in the Monasavu Highlands of Viti Levu suggests it takes roughly seven years for revegetation of logging roads to significantly diminish erosion associated with logging activity (Department of Forestry 1995).

A GIS map of Fiji’s road network was obtained from the Department of Lands. While the road network is not up to date and does not include all the logging roads—field observations suggests many new logging operations have occurred since this mapping effort—it can still be used to provide a general indication of the density of roads in the watersheds. The road length per square kilometre was used as a proxy indicator of road density and thus sediment load from roads. 

ii. Number of creek crossings

Creek crossings are an entry point for sediment washing off roads, to enter creek channels. Furthermore, creek crossings often require large fills in natural drainage channels which can impede water flow. Thus, the number of creek channels per km2 can be used as another crude indicator of the impact of roads on sediment levels in streams and creeks. A GIS layer of Fiji hydrology was obtained from the Department of Lands and MapInfo was used to count the number of times roads crossed the creeks within each watershed.

iii. Forest cover

The natural vegetation of most of the land area of the Fiji islands is wet to mesic tropical forest cover (Mueller-Dumbois 1998). Thus, the degree to which forests have been removed in a watershed is an indicator of human impact. Furthermore, vegetative cover is an important factor in erosion because of the interception of rainfall by the vegetation, the role of roots in binding soil together and the promotion of healthy soil microflora and fauna which help to bind the soil into larger aggregates thereby reducing soil detachment (Morrison 1992). According to Nelson (1987), the vegetation management factor (for use in the USLE), for closed forest is 1/100 of that for bare ground and 1/75 that for subsistence agriculture. 

The forest cover map was generated from the Forest Function map prepared by the Fiji Forestry Department (1994). In this case, “forest” was defined as scattered, medium or dense natural or plantation forest. Plantation forest includes both hardwood and softwood plantations. Natural forest includes multiple-use and  protection or preserved forest.

iv. Area logged

Logging causes erosion because of the combined effect of removing vegetation and forest humus layers, and the impact of the network of roads, landing areas, and skid trails that must be constructed to remove the timber (Nelson 1987). Road building contributes most to erosions. The area logged as a percentage of the original forest cover can be used as an indicator of the impact of logging within each watershed.

Maps of yearly logging activity on Viti Levu and Vanua Levu were obtained from the Fiji Department of Forestry for the years 1992 to 2004. These maps were combined into a composite map showing the total area logged between the two reference years. This data only documents licensed concessions and not illegal logging which may be extensive in some areas.

2.4 Combination of development factors to determine Watershed Development  Index

Threat classes and associated GIS values were assigned to each of the four development factors as shown in Table 7.
Table 7. Watershed Development Index factors
	Factor and Rule
	DI Class
	GIS Value assigned

	Road Length (in km) per km2
	
	

	0 to 2
	Low
	1

	3 to 5
	Medium
	2

	6 and above 
	High
	3

	Creek Crossings per km2
	
	

	0 to 6
	Low
	1

	7 to 12
	Medium
	2

	13 and above
	High
	3

	1992 Forest Cover (as percent of land area) 
	
	

	0 to 33%
	High
	3

	34 to 66%
	Medium
	2

	67 to 100%
	Low
	1

	Area Logged 1992- 2004

(as percent of 1992 forest cover)
	
	

	0 to 33%
	Low
	1

	34 to 60%
	Medium
	2

	67 to 100%
	High
	3


The GIS values for each factor where then summed to give a total composite Watershed Development Index (WDI) for each watershed. The watersheds were them classified into three development index categories as follows:

· Watersheds under “high” impact from at least one of the individual development factors were classed as under “high” development overall.

· All other watersheds were classified depending on the sum of the four GIS values assigned to them as follows:

Table 8. Watershed Development Index classes

	Sum of GIS values
	WDI Class

	4 to 5
	Low

	6 to 7
	Medium

	8 and above
	High


2.5 Combination of REP and WDI into a Composite Threat Index

A composite threat index (CTI) combining REP and WDI was prepared for all watersheds on Viti Levu, Vanua Levu and Taveuni, but not the outer islands due a lack of available data to determine the relative erosion prediction. Each watershed was assigned the highest threat category of the two indices. In addition, watersheds that scored two “highs” were reassigned to a “very high” category, as an indication of cumulative threat.

