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1.  Introduction 

The spatial distribution of disease risk and its visual presentation through risk maps can assist in the 

design of targeted animal disease surveillance and control strategies. This approach is particularly 

useful in situations in which empirical data are not readily available (Clements et al 2006), or when 

data are only available on some aspects of the epidemiology  of a multi-factorial disease (Tachiiri et 

al 2006). In such circumstances data on known risk factors can be used to determine those areas in 

which a specific disease is most likely to occur using knowledge driven models, such as  multicriteria 

decision modelling (MCDM) (Pfeiffer et al 2008). MCDM is an example of a static knowledge-driven 

modelling approach that can be used to produce qualitative or quantitative estimates of risk ‘based 

on existing or hypothesized understanding of the causal relationships leading to disease occurrence’ 

(Pfeiffer et al., 2008). Knowledge of the risk factors associated with the occurrence of a disease and 

their interrelationships are used to drive the model. 

The objective of this study was to use a multicriteria decision modelling (MCDM) approach to 

provide a qualitative estimate of the spatial distribution of the risk of spread of highly pathogenic 

avian influenza virus (HPAIV) subtype H5N1 in Indonesia.  

MCDM involves the following sequence of analytical steps (Pfeiffer et al 2008):  

1. Defining the objective(s)  

2. Defining the factors 

3. Defining the relationship between each factor and the risk 

4. Sourcing digital maps of the factors and constraints 

5. Standardising the maps so that they can be compared 

6. Defining the relative importance of each factor in relation to the objective 

7. Combining all factors and constraints to produce a final weighted estimate of risk for each 

location in the study area 

8. Sensitivity analysis 

 

It is important that the user of the outputs of these models is aware of the assumptions made in 

defining and quantifying the model inputs and any potential sources of information bias when 

interpreting the results of such analyses. This is especially important with knowledge-based models. 

This report details the methods used to produce risk maps illustrating the risk of spread of HPAIV in 

Indonesia. It is intended that the risk map be used to assist disease control and surveillance at the 

country level in Indonesia, whilst taking into account the limitations of the MCDM methodology. 

All geographic data were visualised and manipulated using ArcGIS 9.2 (ESRI, Redlands, CA, USA) and 

IDRISI Andes (Clark Labs, Worcester, MA, USA). The multicriteria decision model was developed in 

IDRISI Andes and sensitivity analysis performed in ArcGIS 9.2. 
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2. Producing risk maps for Indonesia using multicriteria decision modelling (MCDM) 

2.1 Defining the objectives 

The objectives of the risk mapping exercise were to identify risk factors associated with the spread of 

HPAIV H5N1, and to combine these using a MCDM methodology to produce a map identifying areas 

of Indonesia having a very high, high, medium, low or very low risk for the spread of HPAIV H5N1. 

The  ‘spread’ of HPAIV H5N1 in this study was limited to domestic birds in Indonesia, and could be 

expected to occur through direct contacts between infected domestic poultry, contact between 

domestic poultry and contaminated poultry products or between domestic poultry and infected wild 

birds.  The resulting risk map is intended to predict areas of ‘spread’ of disease rather than indicate 

areas of current disease ‘occurrence’. 

2.2 Identifying  factors associated with the spread of HPAIV H5N1 in Indonesia and 

defining the relationship between these factors and the  risk of spread 

A systematic review of published literature on the epidemiology of HPAIV H5N1 was used to identify 

risk factors associated with the spread of HPAIV H5N1 in poultry. For this, two scientific databases 

(PubMed and ISI Web of Knowledge), assumed to represent the majority of medical and veterinary 

journals, were used. The search terms entered, and number of articles derived, is given in Table 2.1. 

Those articles which commented directly on risk factors for HPAIV H5N1 in poultry as either scientific 

results (e.g. following epidemiological studies) or as opinion were used to inform the production of a 

list of possible risk factors for HPAIV spread. In order to be included in the MCDM model as a risk 

factor for the spread of HPAIV in Indonesia, the risk factors identified were required to a) have clear 

relevance and importance in the epidemiology of HPAIV H5N1 in Indonesia (e.g. contact with white 

storks (Ciconia ciconia) was identified as a risk factor for ostriches in South Africa (Thomson et al 

2008), but is not relevant to the situation in Indonesia) and b) be suitable for spatial mapping (e.g. 

“owner lives off farm” (Kung, Morris et al. 2007) is a risk factor for spread that cannot be 

represented on a map whereas “distance to water bodies” (Fang et al 2008) is a risk factor that can 

be spatially represented). 

 

Table 2.2 lists the risk factors which met both selection criteria and were included in the MCDM 

model. The hypothesised relationship between each risk factor and the spread of HPAIV in Indonesia 

is given, along with the published evidence used to build an argument to support this assumption. 

The evidence  provided therefore supports the inclusion of the both the risk factor in the model as 

well as the direction of its relationship with the spread of HPAIV.



6 

 

 

 

Database Search terms Number of 

references 

identified 

PubMed Influenza in Birds[MeSH Terms] OR Influenza A Virus, H5N1 

Subtype[MeSH Terms]) AND Indonesia[MeSH Terms] 

62 

(Influenza in Birds[MeSH Terms] OR Influenza A Virus, H5N1 

Subtype[MeSH Terms]) AND Epidemiology[MeSH Terms] 

19 

(Influenza in Birds[MeSH Terms] OR Influenza A Virus, H5N1 

Subtype[MeSH Terms]) AND Risk assessment[MeSH Terms] 

98 

(Influenza in Birds[MeSH Terms] OR Influenza A Virus, H5N1 

Subtype[MeSH Terms]) AND Wild animal[MeSH Terms] 

156 

(Influenza in Birds[MeSH Terms] OR Influenza A Virus, H5N1 

Subtype[MeSH Terms]) AND (Risk factors[MeSH Terms] OR risk[MeSH 

Terms] OR disease transmission[MeSH Terms]) NOT Vaccines[MeSH 

Terms] NOT Influenza Vaccines[MeSH Terms] 

(With Limits: “animals”& “in the last 5 years”) 

 

211 

ISI Web of 

Knowledge 
("avian influenza" OR "H5N1" OR "HPAI") AND (“Indonesia”) 

138 

("avian influenza" OR "H5N1" OR "HPAI") AND ("risk assessment") 
130 

("avian influenza" OR "H5N1" OR "HPAI") AND ("wild birds") AND 

("epidemiology") 

192 

("avian influenza" OR "H5N1" OR "HPAI") AND ("risk factor*") AND 

("spread" OR "endemic*" OR "establish*" OR "transmiss*") 

172 

("avian influenza" OR "H5N1" OR "HPAI") AND ("trade" OR "illegal 

import*" OR "legal import*") NOT ("meat") 

 

79 

 

 

 

Table 2.1:  Searches conducted in PubMed and ISI Web of Knowledge by the 16
th

 February 2009 as part 

of a systematic literature review 
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Potential risk factors for the 

spread of HPAIV H5N1 
Hypothesised relationship between potential risk factor and the spread of HPAIV H5N1 in Indonesia 

Main roads 

Increasing distance from main roads is expected to be associated with decreasing risk of the spread of disease. Outbreak risk was associated 

with proximity  to major roads in Romania (Ward et al. 2008) and China (Fang et al 2008). ‘Trade’ is an important factor in the spread of 

HPAIV within a country (Gauthier-Clerc et al 2007, Vannier 2007), and the movement of domestic poultry and poultry products along major 

routes is expected to contribute to this spread. 

Poultry  density  

Increasing density of poultry is expected to be associated with a higher contact rate between susceptible and infected birds and therefore 

greater risk of spread. Cecchi et al (2008) found that H5N1 persistence in Nigeria was correlated with backyard chicken and duck numbers. 

Proximity to an infected farm has been shown to be an important factor in the spread of low pathogenicity influenza viruses in Italy 

(Manneli et al 2006). Conversely, Fang et al (2008) found no association between poultry density and the risk of HPAIV infection in China, 

arguing that this unexpected finding was due to a greater proportion of industrialised chicken production at higher poultry densities, with 

associated higher biosecurity standards and vaccination protocols. Henning et al (2009) found that poultry density was a risk factor for HPAI 

outbreaks in Vietnam, but only at medium population densities, further supporting this argument. High poultry density was postulated as a 

risk factor for HPAI occurrence in Thailand (Tiensin et al 2005), although this has been shown to be associated more with duck density alone 

than total poultry density (Gilbert et al. 2006, Pfeiffer et al 2007). The role of poultry density in Indonesia therefore remains uncertain and, 

given this uncertainty, a basic assumption based on infectious disease theory of increasing risk with increasing poultry density was adopted. 

This assumption may need to be adjusted if, or as, further information becomes available. 

Presence of poultry 

markets/cities 

The occurrence of cities is expected to be associated with increased risk of spread of HPAIV H5N1. Cities are associated with higher demand 

for poultry products and therefore the presence of trading areas providing live or freshly slaughtered birds for sale. Low pathogenicity 

viruses (LPAI) have been isolated from poultry in live bird markets in the USA (Bulaga et al 2003), China (Cheung et al 2007) and Korea (Choi 

et al 2005), and HPAIV has been isolated from a live bird market in Vietnam (Nguyen 2005). These markets bring together a variety of 

domestic poultry in a high density situation (Choi et al 2005, Sims et al 2005) and their occurrence is therefore expected to be a risk factor 

for the spread of disease in Indonesia. 

Table 2.2: Risk factors for, and their hypothesised relationship with, the spread of HPAIV H5N1 in Indonesia, as identified from a review of the scientific literature 

on PUBMED and ISI Web of Knowledge. 
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Potential risk factors for 

the spread of HPAIV H5N1 
Hypothesised relationship between potential risk factor and the spread of HPAIV H5N1 in Indonesia 

 

Rice Paddy (multi-crop) 

A strong association has been shown between HPAI outbreaks and the density of free grazing ducks in Thailand (Gilbert et al. 2006) and the 

local abundance of both ducks and geese in Vietnam (Pfeiffer et al 2007). Both studies found an association with rice paddies, and the 

distribution of these has been shown to be strongly correlated with the distribution of free ranging domestic ducks in Thailand (Gilbert et al 

2007).  The occurrence of rice paddies, particularly double or triple crop production, is therefore expected to be an important risk factor for 

spread of HPAIV in South-east Asia (Gilbert et al 2008). Mixed duck and rice agriculture is important and widespread in Indonesia (CIVAS 

2006), therefore the occurrence of rice production is also expected to be a risk factor for HPAIV spread in Indonesia. 

 

Sea ports 

Increasing density of major ports is expected to be associated with increased risk of the spread of disease as poultry are moved between 

islands. There is no published evidence for the direct role of ports in the spread of HPAIV, however given the identification of major roads as 

a risk factor (Fang et al 2008, Ward et al. 2008), such a role can be hypothesised for an archipelago such as Indonesia which is expected to 

rely on sea transport between islands to a large extent. 

 

Density of crop cultivation 

systems 

It is expected that decreased dependence on cultivation systems will be associated with decreasing risk of HPAI H5N1. High density crop 

production is expected to be associated with the presence of both backyard duck and chicken production systems, which were associated 

with a higher risk of HPAIV infection in Thailand than commercial poultry production systems (Tiensin et al 2005). Henning et al (2009) 

found a decreased HPAI outbreak risk with increasing buffalo density, arguing that high buffalo densities reflected a higher density of non-

cultivating production systems and therefore ‘less risky agricultural activities’. 

 

 

Proximity to diverse 

migratory bird populations 

Influenza A viruses have been detected from a wide variety of wild bird species (Olsen et al 2006, Munster et al 2007, Townsend et al 2008). 

HPAIV infection is reported less frequently but has also been detected in a variety of species, particularly waterfowl (Chen et al 2005, 

Bragstad et al 2007,  Teifke et al 2007, Uchida et al 2008). The risk of spread of Influenza A viruses in wild bird reservoirs is likely to be a 

function of population structure (Stailknecht 2007, Jourdain et al 2008).  It has been shown that avian influenza viruses can readily infect  a 

wide variety of bird species that share breeding and feeding areas (Chen et al 2009) and it is expected that a greater species diversity of 

migratory birds will be associated with greater risk of transmission within the reservoir population which, in turn, is expected to be 

associated with increased risk in domestic bird populations with which they may come into contact. 

Natural wetlands and water 

bodies 

Increasing distance from natural wetlands and water bodies is expected to be associated with decreasing risk of spread of the disease since 

such areas provide an interface for contact between domestic waterfowl and wild waterfowl, which are likely to act as disease reservoirs 

(Munster et al 2007). Moreover HPAIV can survive in water of varying temperature and salinity for long periods (Brown et al 2007), which 

may increase the risk of spread to domestic poultry. Proximity to wetlands has been shown to be a risk factor for HPAI in poultry in China 

(Fang et al 2008), as has proximity to rivers (Ward et al 2008) and wetlands (Ward et al 2009) in Romania. Distance to wetland areas 

containing migratory waterfowl species has been hypothesised as a risk factor for disease in Nigeria (Cecchi et al 2008) and for the 

introduction of disease in Spain (Martinez et al 2009). 

Table 2.2 (CONTINUED): Risk factors for, and their hypothesised relationship with, the spread of HPAIV H5N1 in Indonesia, as identified from a review of the 

scientific literature on PUBMED and ISI Web of Knowledge. 
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2.3    Sourcing and standardization of maps 

Geographic inputs for the model need to be in the form of raster maps. However, it seldom happens 

that the exact raster maps needed for the MCDM are readily available in the required format; they 

usually need to be derived from existing layer maps of the risk factors. Sometimes all that is 

necessary is a simple conversion from vector to raster format, but at other times the first generation 

risk factor maps requires extensive manipulation to produce the raster maps that will be included in 

the modelling process.  

Risk factor maps were manipulated as detailed in Table 2.3 to produce the raster maps needed for 

the multicriteria decision modelling. If necessary the raster maps were then reclassified so that their 

scale was positively correlated with the outcome (risk of disease spread) and map scales were 

standardized by converting each one to a byte binary scale ranging from 0 to 255. The metadata for 

the risk factor layers included in the study as well as a further description of how they were used are 

provided in the appendix. 

Table 2.3: Manipulations required to convert the risk factor maps into raster maps for inclusion in the 

multicriteria decision model to estimate the risk of spread of HPAIV H5N1 in Indonesia. 

Risk factor map Manipulation Raster map Data Source 

Location of roads Calculate and map density of 

roads per 50 square kilometres 

Density of roads FAO 

Location of cities 

(pop > 50000) 

Calculate and map density of 

cities per 100 square kilometres 

Density of cities CIESIN (GRUMP) 

Location of surface 

water and 

wetlands 

Calculate and map distance from 

surface water and wetlands 

Distance from water-bodies UNEP (GLWD) 

 

Location of sea 

and river ports 

Calculate and map density of 

ports per 50 square kilometres  

Distance from ports FAO 

Percentage 

coverage of 

cultivated areas 

No manipulation required Cultivated areas CGIAR 

Location of rice 

paddies 

Conversion to raster Presence/Absence of rice 

paddies 

FAO  

Migratory bird 

species richness 

No manipulation required Migratory bird species 

richness 

ILRI (GROMS) 

Poultry density No manipulation required Poultry density FAO (GLW) 
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2.4   Defining the relative importance of each factor in relation to the objectives 

Five members of the project team and one external expert, all with experience in avian influenza 

epidemiology and knowledge about the field situation in Indonesia weighted pairs of risk factors 

specifying firstly whether Factor A (for example) was more or less important than Factor B (for 

example) regarding the spread of HPAIV H5N1 in Indonesia and secondly, the degree of importance. 

Factor A could be (i) Equally, (ii) Moderately, (iii) Strongly or (iv) Very Strongly, more or less 

important than Factor B. These weightings were based on each team member’s expert opinion, and 

were performed for each pairwise combination of factors. Assessors also gave the degree of 

confidence in their answer based on a scale from 1 to 5, 1 being no confidence and 5 being high 

confidence in the score given. An overall weight for each parameter was derived using the pairwise 

comparison matrix described by Malczewski (1999a). The consistency of the pairwise comparison 

matrix was assessed by calculating the eigenvector of the normalised pairwise matrix to produce the 

consistency index. This was divided by a random index, defined by the number of comparisons being 

made, to produce a consistency ratio (Malczewski 1999a). All six pairwise consistency ratios were 

within the allowable 0.1 level and could be included in the model without modification. 

The six sets of weightings were combined based on each assessors overall degree of confidence in 

that risk factor so that assessors who had a higher degree of confidence in the importance of the 

factor contributed more to the final weighting. The confidence adjusted weightings for each risk 

factor, along with the average confidence summed across all assessors for each factor, is given in 

Table 2.4. The pairwise comparison indicates that the presence of rice paddies was considered to be 

the most important risk factor in the spread of HPAIV H5N1 in Indonesia, followed by increasing 

poultry density. The least important risk factors were considered to be species richness of migratory 

birds and percentage coverage of cultivated areas. The average confidence for each risk factor 

demonstrates that assessors lacked certainty in their estimates for any of the factors. 

Table 2.4: Final weightings for each risk factor in the MCDM model adjusted based on the degree of 

confidence each assessor placed in the pairwise comparison 

Risk factor Average confidence Confidence adjusted 

weight 

Increasing density of roads 0.38 0.14 

Increasing density of cities 0.37 0.11 

Decreasing distance from 

water-bodies 

0.33 0.09 

Increasing density of ports 0.37 0.11 

Presence/Absence of rice 

paddies 

0.39 0.22 

Increasing poultry density 0.4 0.20 

Increasing percentage 

coverage of cultivated 

areas 

0.30 0.06 

Increasing species richness 

of migratory birds 

0.37 0.06 

 



11 

 

 

2.5   Risk map: combining all factors to produce a final weighted estimate of risk 

In order to combine the risk factors based on their relative importance in the epidemiology of HPAIV 

H5N1, weighted linear combination (WLC) was employed. This method allows the user to assign a 

relative weight, and therefore influence exerted, to each layer (Malczewski 1999a, 1999b). Those 

risk factors that are most important are able to exert the greatest weight on the final output. The 

weights applied were those derived from the expert consultation (Table 2.4). 

This resultant risk map gives the predicted risk of spread of highly pathogenic avian influenza in 

Indonesia. Qualitative categories of risk from very low, low, medium, high to very high were derived 

by splitting the quantitative byte binary output (0 to 255) from the risk mapping activity into equal 

intervals so that, for example, a score between 0 and 51 represented very low risk and a score 

between 204 and 255 represented very high risk. The map (Figure 2.1) indicates that the risk of 

HPAIV spread is greatest on the island of Java with areas of high to very high risk spread throughout 

the region. The Banka-Belitung Islands also have large areas with a high risk of the spread of HPAIV. 

The risk of spread is rather more patchy elsewhere, with areas of medium to high risk on 

Kalimantan,  although the predominant risk of spread is low to very low on the island. Sumatra also 

has a patchy distribution with areas of low risk interspersed with smaller areas of medium risk. 

Sulawesi also follows this pattern but has a more equal coverage of medium and low risk areas. 

Papua and West Papua, on the other hand, are defined by areas of low to very low risk of spread of 

HPAIV. 
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Fig. 2.1 Risk map for the spread of HPAIV H5N1 in Indonesia, produced using multicriteria decision modelling (MCDM) 
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2.6   Sensitivity analysis  

For each factor two new weights were calculated by (i) adding and (ii) subtracting 25% from the 

original weight. Each of the newly calculated weights was then individually incorporated into the 

multicriteria decision model, while holding all other factor weights constant, thereby generating 16 

new risk maps. The risk estimate was measured at 1000 randomly selected locations on each of the 

maps, and the average change in the risk estimate as a result of altering the different factor weights 

was calculated (Table 2.5). Risk estimates for both disease spread were highly robust, showing little 

change over a 0 to 255 scale as a result of the altered weights.  

Sensitivity analysis was also performed to assess the effect of the scale value used to calculate 

distance and density data. Two new maps with a scale of either 25km, 50km or 100 km (depending 

on the original distance value in the risk map) were created for each of the variables in which 

distance or density had been calculated. The average change between the original map and the 

adjusted map was then calculated at 1000 random sites (Table 2.6). The risk estimates showed some 

instability following the alteration of distance scale for both distance and density data, although the 

range of standard deviation from 9.88 to 14.62, represents a relatively small affect on the overall 0-

255 scale of 3.87% and 5.7% respectively. 

Table 2.5: Sensitivity analysis of the factors and weights used to estimate and map the risk of spread of 

HPAIV H5N1 in Indonesia. The average change in risk estimates was calculate from 1000 randomly-selected 

locations. 

 Mean change in risk estimate (+ std. dev) 

Risk factor Factor weight increased by 

25% 

Factor weight decreased by 25% 

Road density 2.51 + 3.36 2.68 + 3.54 

City density 0.46 + 2.61 0.47  + 2.77 

Distance to wetlands 0.87 + 2.60 0.87 + 2.72 

Port density 0.82 + 2.54 0.87 + 2.71 

Presence of rice paddies 3.77 + 2.79 4.19 + 3.16 

Poultry density 3.30 + 1.75 3.66 + 1.91 

Crop density 2.18 + 1.19 2.30 + 1.29 

Migratory bird species richness 1.97 + 1.51 2.12 + 1.64 
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Table 2.6. Sensitivity analysis of the distance scale used to produce the distance and density risk factor maps 

for Indonesia. The average change in risk estimates following alteration of the distance scale (25km, 50km, 

100km) was calculated at 1000 randomly-selected locations. 

                                                                  Mean change in risk estimate (+ standard deviation) 

Risk factor 25km 50km 100km 

    

    

Road density 10.96 +14.62 0 5.67 +12.60 

City density 7.54 + 11.92 10.49 +12.83 0 

Distance to wetlands 0 2.42 + 11.89 7.58 + 14.32 

Port density 3.99 +9.88 0 8.20 + 12.85 
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3     Interpretation and limitations of the risk maps 

The risk of disease spread is quite heterogeneous in Indonesia, but is typically characterised by low 

to medium risk of spread, interspersed with areas of high to very high risk. However, these results 

should be interpreted with care, taking into account the quality of the data used as well as the 

method used to weight the different risk factors. 

3.1   Data considerations 

• Data quality: The quality of the data used as geographical inputs for the model varies. For 

example, it is expected that data pertaining to the number of ports are an underestimate of 

the current situation; the authors identified several ports in Indonesia that were actively 

used by major ferry routes but were not included in the port dataset available. In addition, 

the road map displayed only primary and secondary roads. Although data on minor roads 

were available, the accuracy of these data and their coverage of the whole of Indonesia was 

questioned and as such they were left out of the model. Such minor routes may be 

important in the movement of poultry and products at a local level. Data quality becomes 

especially important as single layers with inaccurate or incomplete data that are assigned a 

high weight can influence the whole map.  

 

• Proxies: When data for specific risk factors were unavailable, proxy data were used. For 

example, as there are no available data on the location of markets in Indonesia, cities with 

human population of more than 50 000 were used as proxies for the location of markets. 

This may bias the results as even if the main markets would be located in the main cities, 

marketing activities in rural areas might play an important role in legal or illegal trade. 

Moreover the occurrence or absence of a market within a particular city may be a function 

of the density of cities around it, which is not reflected in the cut-off used. 

3.2   Weighting considerations 

• Influence: Weighting of the different risk factors was performed by only six people, 5 of 

which, out of necessity, have been involved in all aspects of the development of these risk 

maps from the outset. The participants may have therefore influenced each other’s opinion 

regarding weighting of the risk factors.  

 

• Lack of knowledge: There is a general lack of knowledge and uncertainty regarding the 

introduction and spread of HPAIV H5N1. This is clearly reflected by the low confidence 

placed in all estimates. Although access to the most up-to-date scientific knowledge on the 

subject will hopefully translate into a better assessment of the risk factors involved and their 

relative importance in the spread of HPAIV H5N1 in Indonesia, risk mapping should be a 

dynamic process that is updated as more knowledge and information becomes available. 
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3.3  Future developments 

This study employed the expert opinions of six assessors. Further experts with direct experience of 

the epidemiological situation in South-east Asia, and particularly in Indonesia, have been contacted 

and as these additional scores become available, the risk factor weights can be updated. Using these 

scores, further attempts can be made to quantify the uncertainty in the scoring system using, for 

example, Dempster Shafer theory (Dempster 1966, 1967). Furthermore, it is necessary to assess the 

predictive power of the risk map formally by comparison with quantitative data demonstrating 

HPAIV H5N1 spread, and it is hoped that prevalence data from studies currently underway in 

Indonesia can be used for this purpose. However, given that the map produced by this report is 

intended to predict the risk of spread of HPAIV rather than the current occurrence of HPAIV, some 

discrepancies on a countrywide-level might be expected. Throughout this process, but prior to 

validation, further attempts should also be made to obtain the most accurate and up-to date spatial 

data available on the distribution of the risk factors defined in this study. This is perhaps most 

important for the layer representing rice distribution, given that this risk factor received the highest 

weight and yet these data are the most dated (see appendix). 

3.4 Conclusion 

This study has used a knowledge driven model to predict the risk of spread of HPAIV H5N1 in 

Indonesia. With such models it is necessary that subjective judgements  are made to generate the 

weights for the different risk factors. This creates a potentially substantial source of bias, that is 

difficult to quantify, even with sensitivity analysis. Moreover, there is no mechanism for testing 

whether important information is missing, and although MCDA models will not be affected by 

misclassification bias of the outcome, they can still be affected by data errors in the risk factors. As 

many geographical layers available for use in such activities are incomplete or outdated, this is an 

important consideration. 

Although risk maps can provide a useful tool to assist in disease control planning when there is a lack 

of directly measured, quantitative data on areas at risk of disease, these considerations must be 

taken into account when interpreting and using the risk maps produced. 
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APPENDIX 

The origin and date of creation of each layer included in the MCDM model is displayed below with a 

brief description of what the layer represents, what it does not represent and how it was used in the 

model. 

 

 

 

 

Source: FAO  

Date of creation: 1997 

What it represents: The distribution of main roads in 

Indonesia. These represent a risk factor for the spread of 

disease as poultry are transported along roads to market or for 

grazing [ducks]. The data include a distinction between primary 

and secondary roads. 

What it does not represent:  Not all roads used for poultry 

trade can be represented, but it can be assumed they 

represent the highest flow routes in terms of density. It does 

not represent the small traders’ routes at a local level which 

may be important in the spread of HPAIV. 

How it was used: The density of roads was calculated over an 

area of 50 km²; increasing density approximates increased risk 

of disease.  

Source: FAO 

Date of creation: 2004 

What it represents: The distribution of the major rivers in 

Indonesia. These rivers are navigable and therefore could act as 

a route for the spread of HPAI via the transport of poultry or 

poultry products. Major rivers, and the areas around, may also 

be important habitat for wildfowl which may spread the disease 

to local domestic fowl through direct/indirect contact. The 

importance of each river system as a habitat for wildfowl would 

need to be assessed, as this may be highly variable. 

What it does not represent: These data cannot absolutely 

quantify the risk of transmission between wild birds and poultry 

populations. 

How it was used: The distance to rivers was calculated (after 

being included with wetland data to represent ‘water bodies’), 

and the risk of spread estimated as a decreasing function of 

increasing distance, becoming zero at a distance at which point 

poultry would not be expected to be influenced by disease foci 

along the main rivers/water bodies. The risk of spread over 

increasing distance was expected to decrease linearly. 
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Source: CIESIN (GRUMP) 

Date of creation: 2000 

What it represents: Those cities in Indonesia that have a 

population greater than 50,000. It is expected that such cities 

are likely to have at least one poultry market.  

What it does not represent: Specific data on the location of 

these markets are not available, and the cut-off applied is based 

on a subjective, conservative classification that may not reflect 

the real distribution of poultry or wet markets. Small, local 

markets are not included in these data. 

How was it used: The density of cities was calculated over an 

area of 100km², and the risk of spread classified according to this 

density (higher density=higher risk). 

 

Source: FAO 

Date of creation: 2005 

What it represents: The distribution of the major sea and river 

ports in Indonesia.  

What it does not represent: These data only represent large 

ports; smaller harbours could also be importing live poultry or 

poultry products. No information is given regarding the size of 

the port in terms of activity, either in terms of all goods 

generally or in terms of poultry-related products specifically. It 

has not been possible to identify the main poultry/product sea 

transporters in Indonesia. 

How it was used: The density of ports over an area of 50km² 

was calculated, and the risk classified according to this density. 

As no additional data is available regarding their relative 

importance, all ports have the same weight.  
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Source: UNEP (GLWD) 

Date of creation: 2005 

What it represents: Wetlands data indicate locations of 

standing water and thus congregating sites for wild 

waterfowl. Included in the wetlands classification are lakes, 

reservoirs, freshwater marsh, swamp forest, coastal wetland 

(mangrove), intermittent wetland/lake and wetland complex 

(1 to 25% wetland). 

What it does not represent: These data cannot quantify the 

risk of transmission between wild birds or domestic poultry. 

Seasonality of wetlands is not available. Seasonality of risk 

can not be inferred. 

How it was used: The distance to wetlands was calculated 

(along with rivers), and the risk of spread estimated as a 

decreasing function of increasing distance, becoming zero at 

a distance at which point poultry would not be expected to 

be influenced by disease foci at wetlands/rivers . This 

parameter has not been estimated and was  based on a 

subjective assessment. The risk of spread over increasing 

distance was expected to decrease linearly. 

Source: FAO 

Date of creation: 1992 

What it represents: The distribution of rice production as 

determined by remote sensing. This is the estimated 

distribution and must only be considered as an 

approximation. The distribution of areas of rice production 

could be expected to act as a proxy for the distribution of 

free-ranging domestic ducks, as mixed production (ducks and 

rice) is important in Indonesia.  

What it does not represent: The proportional coverage of 

each region shows reasonable correlation with the average 

annual rice production for each region (r²= 0.57, p=<0.001), 

however this does not provide evidence for the accuracy of 

the distribution. The accuracy of this rice as a proxy for ducks 

has not been determined for Indonesia, but has been 

demonstrated in several other SE Asian countries. 

How it was used: A simple raster layer with higher risk 

associated with the presence of rice agriculture. The 

potential inaccuracy of the distribution must be considered, 

and attempts made to locate more accurate and validated 

data.  
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Source: FAO (GLW) 

Date of creation: 2005 

What it represents: The map represents the number of poultry 

per km
2
, estimated through multivariate modelling. The data is 

aggregated as all domestic bird species. 

What it does not represent: Separate distributions of the 

poultry production systems (e.g. duck, chicken, broiler, layer). 

This information would be useful as the risk is expected to vary 

according to sector. 

How it was used: Increasing poultry density is expected to be 

associated with increased spread of the disease. 

Source: CGIAR 

Date of creation: 2001 

What it represents: Percentage coverage of crop cultivation in 

Indonesia. It is expected that those areas with the highest levels 

of cultivation will be associated with the greatest risk of disease.  

What it does not represent: This is a proxy and cannot be 

expected to completely represent higher risk agricultural 

production. 

How it was used: Greater percentage of crop coverage is 

associated with greater risk of disease. 
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Source: ILRI (adapted from Global Register of Migratory 

Species) 

Date of creation: 2001 

What it represents: Average number of migratory bird species 

present in Indonesia.  

What it does not represent: These data cannot absolutely 

quantify the risk of transmission or the frequency of contact 

between wild birds and domestic poultry. 

How it was used: Increasing migratory bird species richness is 

associated with increasing risk of disease. 


