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EcoHealth Alliance’s Infectious Disease Emergence and 
Economics of Altered Landscapes (IDEEAL) project began 
in October 2013. The primary objective of IDEEAL was to 
quantify the economic costs of the impact of deforestation 
on malaria outcomes in Sabah, Malaysia, and determine the 
optimal amount of land to be converted to agriculture that 
minimized these costs.  In the second phase of the project, 
research expanded to Peninsular Malaysia, Thailand, and 
in a limited capacity, Indonesia and Sarawak (on Malaysian 
Borneo). Local communities, private entities, and local 
and international governments were involved throughout 
the project, and informed about the project process and 
outcomes over the course of the project. Baseline and end 
line surveys were collected to determine knowledge about 
relevant topics in conservation and health.

IDEEAL examined how different ecological and land use 
change variables impacted the number of malaria cases 
in each location. The results showed that these variables 
differed across regions and timescales, ranging from 
precipitation to amount of flood, forest, or cropland. 
When considering the link between deforestation and 
malaria, the IDEEAL economic model indicates that Sabah, 
Malaysia has exceeded the optimal amount for forest to 
agricultural land conversion. The economic loss from the 
overdeveloped amount of forest cover from the social 
optimal today exceeds US$21M annually. In all sites in 
South East Asia, including health costs in land use planning 
substantially lowered the optimal level of converted land.

The IDEEAL project also supported the founding of the 
Development and Health Research Unit (DHRU) at 
the Universiti Malaysia Sabah. The DHRU functions as a 
center of excellence for research and education on the 
intersection of health, land use change, and economics. 
Furthermore, IDEEAL supported three Master’s students 
and the training of 156 stakeholders on the following 
topics: R, a statistical program; GIS mapping techniques; 

and our IDEEAL Interactive Web Modeling App. 42% 
of these were women. To support the dissemination of 
the results, a Position Paper summarizing this research 
has been developed and will be presented to the Sabah 
Cabinet on behalf of Sabah Wildlife Department and 
Sabah State Health Department. Additionally, the IDEEAL 
project and its results have been presented by scientists at 
12 conferences and in two peer-reviewed journal articles.  
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Emerging Infectious 
Diseases and Land  
Use Change  

Over the past three centuries, land-use change has grown 
exponentially to keep pace with human population growth 
and the subsequent demand for natural resources1-3. 
Intact forests provide invaluable benefits to people and 
our planet, including water filtration, carbon storage and 
sequestration, flood prevention, biodiversity conservation, 

and the maintenance of human health and welfare. 
Although changes in land-use practices have benefited 
people through economic and social development,  
they have also led to long-term negative impacts on  
human health and the provision of ecosystem services. 
Critically, there is increasing evidence that land-use change 
is a major driver of emerging infectious diseases (EIDs) 
4,5. Previous analyses demonstrate that over 30% of the 
EIDs affecting people are causally linked to land use change 
(FIGURE 1)6,7. This includes deadly diseases such as  
HIV/AIDS, Ebola, and Zika Virus; all of which originated in 

6% Climate 
and weather

31% Land use changes 

15% Agricultural 
industry changes

13% International 
travel and commerce

11% Medical industry 
changes

7% War and famine

4% Human 
demography  
and behavior

4% other

3% Breakdown of 
public health

3% Bushmeat

2% Food industry 
change

FIGURE 1: Approximately 31% of the infectious diseases that have originated in wildlife since 1940 have been related to some form of 
land use change. Primary drivers of past disease emergence. Land use change is the most important driver. Derived (6, 7)

PRIMARY DRIVERS OF PAST DISEASE EMERGENCE 
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Area of Focus:  
Southeast Asia 

The IDEEAL project initially focused on Sabah, Malaysia 
as a pilot site, then expanded to Peninsular Malaysia 
and Thailand, with limited engagement in Sarawak and 
Indonesia during the project extension (FIGURE 2)13. 
Sabah was selected because it is an emerging disease 
hotspot and a location with high biological diversity and 
substantial land use change13,14 (FIGURE 3). Much of 
the recent land transition in Sabah was in the form of 
deforestation of pristine forests for palm oil plantation 
development. In FIGURE 4 we can see that palm oil 
plantations have increased considerably since 2000. The 
cultivated land area of 1.4M ha in 2011 in Sabah. This type 
of land use change informed the bulk of our modeling 
approach. Expansion to Thailand, Indonesia and other 
regions was guided by similar principles — determining 
areas with land use change where the potential for novel 
disease emergence is high. In high engagement sites (Sabah, 
Peninsular Malaysia, and Thailand), links between land 
use change and health were analyzed, models assessing 
the economic impact of land use change on malaria and 
emerging infectious diseases were created, and capacity 
building and community engagement activities were carried 
out. In limited engagement areas (Sarawak, Malaysia and 
Indonesia), activities were limited to selected modeling.

altered forest landscapes. The impact of EIDs on human 
and livestock health is significant, with single outbreaks 
(e.g. HIV/AIDS, West African Ebola) leading to substantial 
mortality and morbidity, and some causing significant 
economic impact (e.g. the 2003 SARS outbreak which led 
to ~US$10-30 billion economic damages at 2003 values)8. 
These impacts are in addition to the public health burden 
of endemic diseases, many of which (e.g. leptospirosis, 
malaria) are linked to altered forest landscapes or have 
heightened impact on communities living in them9-12. 

FIGURE 2: Geographic focus of the IDEEAL Project.

THESE FINDINGS UNDERPIN  
THE RATIONALE FOR THE  
IDEEAL PROJECT.

If land use change is associated 

with increased impact from 

endemic and emerging infectious 

diseases, then the economic 

damages from these diseases 

should be considered in assessing 

the natural capital of intact 

forests, and the ultimate cost 

of land use change.   
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FIGURE 4: Number of hectares of oil palm plantation in Sabah between 1975 - 2011.

FIGURE 3: Global distribution of the relative risk of an emerging infectious disease event for wildlife zoonoses.13
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TASK 1:
QUANTITATIVE MODELS:  
INFECTIOUS DISEASES 
AND LAND USE CHANGE

INFECTIOUS DISEASE EMERGENCE AND ECONOMICS OF ALTERED LANDSCAPES (IDEEAL) 

[
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Modeling Overview

KEY MODELING OUTPUTS 

  �Assessed the potential links between malaria 
and land use change in Sabah, Peninsular Malaysia, 
Sarawak, and Thailand.

•	 Our findings suggest a strong link between land 
conversion and malaria incidence. However, the 
primary drivers are different across countries in 
Southeast Asia and also vary depending on the year.

•	 In Sabah (a state in Malaysian Borneo), high 
caseloads of malaria were associated with increased 
forest fragmentation, decreased forest cover, and 
precipitation. 

•	 This differed in Sarawak (a state in Malaysian 
Borneo), where, in addition to precipitation, malaria 
drivers are associated with water availability such as 
the presence of water bodies or flood-prone areas.

•	 Peninsular Malaysia malaria cases are associated 
with modification of habitat for agriculture, such as 
presence of irrigated croplands, urban areas, patch 
density of shrubs, and patch density of irrigated 
croplands.

•	 In Thailand, malaria is linked to changes in total 
forest cover and density of shrub and croplands.

  �Estimated Southeast Asia specific ecosystem 
service values for carbon sequestration for Malaysia, 
Thailand, and Indonesia.

•	 We determined that the net present value loss 
between 2015 and 2030 will exceed $4.35 trillion 
USD if deforestation continues at business-as-usual 
rates based on a social cost of carbon value of  
$100 USD. 

  �Identified areas in Sabah most suitable for palm 
oil expansion accounting for protected areas, key 
river systems, forest connectivity and accessibility.

•	 Found that while most development occurred in 
optimal areas for expansion, plantation development 
has spread beyond those areas. 

•	 Showed that different scenarios of fragmentation 
lead to different optimal conversion patterns. 

  �Developed regional dynamic optimal control 
models to determine the economically optimal rate 
of palm oil plantation conversion from forests over a 
30-year span in Sabah, Peninsular Malaysia, and Thailand 
considering oil palm yield, oil palm prices, production 
costs, ecosystem services, and the cost of prevention, 
control, and public health from malaria in the region. 

•	 Considering ecosystem service values and malaria 
costs in Sabah, actual rates of development have 
already outpaced the economically optimal rate 
of forest conversion to palm oil plantation, leading 
to an economic loss. Even when considering only 
private costs (excluding ecosystem services), 
development has occurred too quickly. When 
ecosystem services and the costs of infectious 
disease are included, this effect is even stronger and 
indicates that the current level of land conversion 
(> 25%) is approaching double the social optimum 
(~15%). 

•	 In Peninsular Malaysia, consideration of infectious 
diseases costs and the value of ecosystem services 
reduces the optimal level of land conversion by 20%.

•	 In Thailand, the inclusion of health and ecosystem 
service values in the calculation of optimal land 
conversion suggests that the social optimum is much 
lower than the private optimum. Thailand’s palm oil 
yields per hectare are lower than Malaysia’s yields. 
The high costs from increased malaria rates, loss of 
ecosystem services, and comparatively low palm oil 
yields indicate that 25% less land should be developed.  
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LESSONS LEARNED: 

DATA ACQUISITION

One challenge the IDEEAL team encountered 

in the project was obtaining the data necessary 

for modeling, despite strong engagement from 

stakeholders across sectors with access to the data. 

Receiving approvals and data itself was more time-

consuming than planned and led to some delays 

due to: data formatting (e.g. only paper copies 

or non-editable PDFs available); data availability 

with data for some years or regions data was not 

available; a lack of metadata, including missing 

variables needed to interpret or analyze the data 

(e.g. column definitions or spatial projection); data 

storage issues due to original data files stored 

across several different locations or lost entirely 

with no centralized repository or backup; and data 

permission issues where formal agreements and 

approvals were needed from multiple organizations 

or people prior to sharing the data. For example, in 

order to obtain detailed health and economic data 

on disease trends and disease treatment, members 

of the IDEEAL modeling team traveled to a hospital 

in Sabah to physically collect information directly 

from the paper records which were stored there and 

could not be moved or photocopied. Formal data 

sharing agreements and approvals often took longer 

than expected to process. Given the One Health 

nature of this study, there was sometimes little 

precedent for sharing data for this type of modeling. 

As a solution, the IDEEAL modeling team created 

an extensive list of the ideal datasets needed with 

information on the desired format, units and fields 

for the data, and any required metadata. The team 

then put together a simplified list of the minimum data 

required to conduct the modeling activities, with the 

aim of clarifying for partners what data was needed 

and how it would be used. We recommend that the 

process for any secondary data sharing begin as early 

as possible during future projects. 

  �Estimated the global economic loss 
from potential EID outbreaks due 
to excessive forest land conversion 
into agriculture 

•	 The global annual economic loss 
from EIDs due to excessive forest 
land conversion was estimated 
between US$18 and US$52 billion 
annually (US$4.2-US$11.1 ag ha/
year). That is equivalent to a 
present value of US$602 (US$536 
- US$1,553) billion in additional 
costs for the global economy over 
the next 30 years.

Data Acquisition 

LITERATURE REVIEW 

We performed a systematic literature 
review to understand the role of 
different factors related to the 
emergence and spread of malaria in 
our study area. Land use change has 
been directly linked to the emergence 
of infectious diseases15. However, there 
is an ongoing debate on the specific 
mechanisms that could explain the 
emergence of unknown diseases. Overall, 
our review showed that to assess the risk 
of infectious diseases it is necessary to 
understand three dynamic processes16: 
1) environmental drivers, including land 
conversion; 2) vector and host biology 
such as the vector activity; and 3) human 
behavior and population. 

[
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relationship with land conversion after controlling for other 
factors hypothesized to be related to its occurrence such 
as climatic events and socioeconomic factors. 

During the first year of the project, the IDEEAL modeling 
team met with key stakeholders in government, NGOs 
and academia to create a list of priority diseases in the 
region which had been linked or which had suspected 
links to land use or land use change (TABLE 1). This list 
was used as the potential list of diseases to use to quantify 

DETERMINING DISEASES AND 
COMMODITIES OF INTEREST:  
MALARIA AND PALM OIL 

Our literature review showed that multiple factors could 
be related to the incidence and spread of infectious 
diseases, but at the time of the review, there were 
no specific studies in Sabah. Therefore, we sought to 
specifically quantify the link between land use change and 
disease by selecting an infectious disease and examining its 

Palm oil plantation.
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PART A:  
Analysis of Link  
Between Malaria and  
Land Use Change and 
Quantifying Ecosystem 
Services in the Region

RESULTS:  
LAND USE CHANGE AND MALARIA 

Previous research indicates an association between 
deforestation and increased malaria incidence10,20. Here 
we analyzed links between malaria incidence and land use 
change (including deforestation) in Thailand, Peninsular 
Malaysia, Sabah, and Sarawak. We then used the results as 
biological parameters for the IDEEAL economic modeling. 

We obtained data on malaria incidence from 2000 to 
2014 from the Centers for Disease Control at Sabah 
State Health Department, from publicly available data for 
Peninsular Malaysia and Sarawak, and from the Bureau 
of Vector Borne Diseases Ministry of Public Health and 
the Mahidol - Oxford Tropical Medicine Research Unit in 
Thailand. These datasets were geocoded at the district 
level in Malaysia and at the province level in Thailand.  
We calculated an Incidence Index as the number of 
expected incidences of malaria proportional to the 
population in a given area for a given year controlled  
by human population size. 

* Where total refers to the total number of cases in each 
Thailand, Sabah, Sarawak and Peninsular Malaysia. Local 
indicates the subdivisions associated with each aforementioned 
region.*

We identified three key factors from our literature review 
that could explain the observed patterns of malaria in 
the region: 1) land conversion and degradation; 2) human 

the links between land use change and health. Malaria 
was ultimately selected for a variety of reasons: several 
diseases (e.g. Japanese Encephalitis) were excluded because 
case counts were too low to sufficiently model over space 
and time; other diseases (e.g. cholera) had more limited 
practical or theoretical evidence bases linking them to land 
use change; and finally, many diseases did not have available 
case data at the spatial and temporal scales necessary to 
model. 

Palm oil was the primary commodity of focus for IDEEAL’s 
modeling and analysis. The bulk of forest transition in 
Malaysia in the past several decades has been due to 
development of oil palm plantations17. Past studies have 
examined the environmental impact of the palm oil 
industry as well as the positive economic benefits of 
development, making this the ideal system in which to 
examine how health and ecosystem services contribute 
to the economic benefits of this rapid development12,18,19. 
All of the expansion regions are areas with palm 
oil plantations, though systems differ across regions 
(e.g. Thailand has a higher proportion of smallholder 
production systems). In the expansion regions beyond 
Sabah, additional commodities such as rubber were 
considered; however, palm oil remained the primary 
commodity for modeling. 

DISEASES

Chikungunya     

Cholera

Filiarisis      

Japanese Encephalitis

Leprosy

Leptospirosis

Malaria

Melioidosis

TB

Incidence Index=total incidences *
population local

population total

TABLE 1:
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demography; and 3) climatic variables. We used annual 
land cover maps produced by the European Space Agency 
(ESA) from 1992-2015 with a 300 m spatial resolution. We 
classified land cover following the Intergovernmental Panel 
on Climate Change (IPCC) categories. To incorporate 
ecologically relevant factors other than change in land use 
cover, we estimated a series of fragmentation metrics 
including the number of patches of land use cover in a 
state or district and the density of land use patches in a 
state or district. 

We explored different statistical models to identify 
the drivers of malaria incidence, including Spatial 
Autoregressive Regressions (SAR), Random Forests and 
generalized additive models. Each statistical method has 

FIGURE 5: State level malaria risk in Thailand based on 
drivers of land use change in 2012.

LAND USE CHANGE  
AND MALARIA IN SABAH

The most important factors that drive malaria 

incidence in Sabah, Malaysia are related to 

land conversion and degradation. Specifically, 

reduction of the tree cover (broadleaved 

evergreen forest) and the increased density 

of patches of a mosaic of cropland and natural 

vegetation were consistently identified as the 

most important variables that could explain 

malaria incidence. Additional drivers, in 

decreasing importance, were precipitation and 

both the patch density and proportion of tree or 

shrub cover. Our results also showed that malaria 

risk varies over time, likely because development 

for palm oil plantations, and therefore the 

presence of deforested areas change every 

year. For example, the District of Beluran had 

consistently the highest risk of malaria between 

2001 to 2003, whereas the Pensiangan District 

was the area with the highest risk of malaria from 

2005 to 2008 (FIGURE 6). 

FIGURE 6: Modeled malaria incidence in Sabah, 
Malaysia. Red areas represent a high comparative 
risk of contracting malaria. For example, in 2001, 
people in the Beluran District (red) in north east 
Sabah were 3 times as likely to have malaria as those 
in Tongod District (blue) in central Sabah.

THAILAND MAP 2012 (APPENDIX 3)
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However, eastern and western regions seem to be at 
greater risk. Land use drivers most associated with malaria 
cases in Thailand include presence of predominantly 
deciduous forests, evergreen forests, density of urban 
areas and of irrigated cropland. REFER TO APPENDIX 

3 ON PAGE 74. 

The rate of deforestation in the state of Sarawak, Malaysia 
is lower than in Sabah. By 2011, around 11% of Sarawak 
had been converted to palm oil plantations, compared to 
the 27% of land in Sabah. Risk of malaria across Sarawak 
varies every year, likely because of prevention methods 
employed. Drivers of malaria incidence were related to 
climate and water availability, specifically to precipitation, 
salt water flood regions, water bodies and irrigated 
cropland. REFER TO APPENDIX 3 ON PAGE 79.

In Peninsular Malaysia, the risk of malaria appears to be 
greatest in the states of Perlis and Selangor, fluctuating 
by year. Land use types most associated with these risks 
include fresh water flood areas, urban regions, water 
bodies, tree shrubs, and irrigated cropland. REFER  

TO APPENDIX 3 ON PAGE 79.

different assumptions and limitations, particularly with the 
interpretation of the results. Our final models made use 
of Random Forests, which is a machine learning algorithm 
that creates multiple random, uncorrelated decision trees 
to find the best possible answer. Our results showed 
that the land use change is an important factor explaining 
malaria incidence in the region. However, these factors 
differ between geographic areas of interest and over 
time. For example, while reduction in forest and increased 
fragmentation are the main drivers in Sabah, precipitation 
and water availability are more relevant in Sarawak. This 
is perhaps due to different deforestation history in these 
regions. Deforestation for palm oil plantations in Sarawak 
started in the 1970s, but is less extensive than in other 
parts of SE Asia. The effects of deforestation on malaria 
incidence might be in their early stages. Details on the 
modeling are shown in sidebar (SEE PAGE 17).

The risk of malaria varies across space and time. It is 
related to the extent of deforestation and fragmentation in 
each district, as well as the prevention measures adopted 
by each district (e.g. fumigation).

In Thailand, the short time span of available data made 
it difficult to identify trends for areas at risk for malaria. 

GRADUATE STUDENT TRAINING

Developing future research talent in the field of public health, environmental science, and economics 

was a key aim of the IDEEAL project. Throughout the course of the project the IDEEAL team engaged 

more than a half dozen undergraduate, graduate interns, and research assistants and interns and 

sponsored an additional three masters students at the DHRU. These students applied skills across 

multidisciplinary fields learning about data cleaning, data analysis, health economics, survey analysis, 

spatial modeling, ecosystem services assessment and other topics. One such student was Katie Lee who 

worked closely with the IDEEAL team in developing the initial economic frameworks for preliminary 

analyses and assisting with the spatial algorithms used to determine the optimal areas of land for 

conversion. Dr. Lee currently works as an Assistant Professor at the Department of Agricultural 

Economics and Rural Sociology at University of Idaho.  

[
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FIGURES 7 & 8: Figure 7: The net present value of carbon in Thailand from a loss of $9USD to $209 USD  
per hectare. This is reflected in Figure 8, where the expected loss of carbon by 2030 ranges from 150 metric  
tons (orange) to 9 metric tons (purple). 

FIGURE 8:

THAILAND:

CHANGE IN CARBON 
(2015 – 2030) 
(MG C/pixel)

≤ -149 MG C

≤ -69 MG C

≤ -9 MG C

FIGURE 7: 

THAILAND:

NET PRESENT VALUE
(2015 – 2030) 
(USD/pixel)

-9 USD

-209 USD
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PART B:  
Dynamic Optimization 
Modeling 

RESULTS:  
SABAH AND THAILAND  
ECONOMIC MODELS 

A local economic optimization model of Sabah was 
parameterized with data on malaria expenditures for 
2015 collected from the Sabah State Health Department, 
data from Sime Darby production costs in Sabah, the 
ecosystem service value from the TEEB report, the results 
from our own analysis based on remote sensing data, and 
local datasets from Sabah, Malaysia between the years 
2000 and 2014. 

The data used in the economic model included 30 years 
of historical prices of crude palm oil (CPO) per metric 
ton and kernel price per metric ton as the average price 
for our model. Estimates of CPO, kernel oil, and yield per 
hectare, were provided by Sime Darby under a non-
disclosure agreement and therefore not reported here, 
although those estimates were used for the modeling.  
Data on malaria treatment, including number of cases and 
direct costs, were directly obtained from the Sabah State 
Health Department.

The average total cost per patient was equal to US$5,350 
or US$2.7 per capita (3.54 million inhabitants). This cost 
includes malaria treatment, vector control, operating 
budget dedicated to malaria control and prevention, wages, 
and education material. The economic impact of malaria 
is measured as a function of the total number of malaria 
cases and their direct cost plus the opportunity cost of 
public funds per malaria case in each district. Overall, the 
direct cost of US$219 per patient represented only a 4% 
of the total cost of malaria for the state (US$ 9.5 million).

Based on 38 studies of 9 ecosystem services from TEEB 
datasets for tropical forest in Southeast Asia, we estimated 
an annual average price of ecosystem services per hectare 

RESULTS:  
INVEST ECOSYSTEM SERVICE MODELING 

Carbon storage and sequestration are key ecosystem 
services which can further quantify the economic burden 
from land use change and have direct links to disease 
mitigation. An ecosystem service evaluation of future 
carbon loss was conducted to better understand the 
economic impact of deforestation in Southeast Asia.  
We used the InVEST Natural Capital tool to identify  
areas of future deforestation based on designated trends, 
as well as the net present value of carbon lost (FIGURES 

7 AND 8). Areas closest to previously deforested areas 
were identified as the most likely to be removed. The loss 
of carbon from deforestation activity was then calculated 
from above- and below-ground, soil and leaf litter based 
on IPCC guidelines21. The net present value lost allows us 
to identify the monetary value of future environmental 
changes. We expect a net present value loss of $4.35 
trillion USD between 2015 and 2030, if the rate of 
deforestation in Malaysia, Indonesia, and Thailand continues 
at 2000 to 2015 rates. Indonesia is at greatest risk with the 
highest deforestation rate of all three countries, and a net 
present value loss of over $4.2 trillion USD. The social cost 
of carbon is estimated at $100USD/ metric ton carbon 
with a social discount rate of 3% 22-24. REFER  

TO APPENDIX 4: INVEST. 

Dr. Feferholtz presenting on environmental economics,  
land use change, and polution.  
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15 ha/yr). Of the 4.4 million hectares of tropical forest 
in Sabah, there were 1.5 million hectares (32%) planted 
with palm oil in 2015 (US$6.2 cost of malaria per hectare 
of palm oil plantation). FIGURE 8 shows the historical 
number of hectares planted of palm oil in Sabah from 1975 
to 2011 (dashed-red line). 

OPTIMAL PATH OF LAND CONVERSION FOR SABAH

of US$2,365. Ecosystem services include: climate regulation 
(US$677 ha/yr), energy provision (US$454 ha/yr), erosion 
regulation (US$ 365 ha/yr), water provision (US$ 316 ha/
yr), food provision (US$ 134 ha/yr), regulation of extreme 
events (US$119 ha/yr), provision of raw materials (US$116 
ha/yr), provision of genepool (US$75 ha/yr), pollination 
(US$ 46 ha/yr), provision of recreation (US$ 33 ha/yr), 
water flow (US$ 17 ha/yr), and medicine provision (US$ 

FIGURE 9: Comparison between historical forest land conversion and optimal forest land conversion for Sabah between 1971 and 2011. 
Red-dashed line: historical forest land conversion. Blue line: private optimal land conversion. Orange line: social optimal land conversion 
including only health loss. Green line: social optimal land conversion including health loss and ecosystem services loss.
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manager takes these costs into consideration to decide 
how much land to convert. Because loss of ecosystem 
services is included, the difference between net present 
values of economic costs and of land conversion  
becomes larger.

The present value of converting land into palm oil only 
considering private profits (blue line FIGURE 9) is 
estimated at US$ 1.1 billion, and the present value of 
converting land into palm oil considering also the social 
costs of malaria and loss of ecosystem services is US$352 
million (green line). The difference between these two 
present values is considered the economic loss due 
to increased malaria incidence through excessive land 
conversion in the past 30 years, and it is estimated at 
US$748 million or an average of US$25 million 
annually. This loss corresponds to a 0.13% of 
Sabah’s GDP or US$18 per hectare per year. 

In the private optimization (maximizing private profits), 
we estimate that in the steady state, approximately 1.6 
million hectares (30.8 % of total land available) should be 
converted into palm oil. When social costs are included, 
it is estimated that only 1.1 million hectares should be 
converted into palm oil (20.4% of total land available). The 
difference of approximately 500,000 hectares is due to the 
over-conversion of forest land to palm oil.

RESULTS:  
SPATIALLY EXPLICIT MODELING

The previous modeling section addressed the question of 
how much land could be developed given environmental 
and economic constraints. An additional modeling 
component was developed to answer the question: 
Where should the recommended amount 
of land conversion have occurred? Potential 
development areas on a landscape are not homogeneous 
in development value because landscape characteristics 
(elevation, slope, proximity to roads or urban areas)  
vary across location. Suitable areas for palm oil 
development were modeled based on key landscape 
characteristics such as land cover, slope, current 

Our model optimizes land conversion throughout the 
last 30 years, choosing a conversion rate per year based 
on profits from palm oil production, the economic costs 
of health impacts from malaria, and monetary loss in 
ecosystem services. We estimated three optimal paths of 
land conversion. First, we estimated the optimal private 
land conversion, which is the optimal number of hectares 
that should have been converted into palm oil plantations 
in the last 30 years, if a social planner cares only about 
private profits (blue line in FIGURE 9). Second, we 
estimated the optimal amount of land that should have 
been converted given not only private profits but also 
the social costs of malaria (orange line in FIGURE 9). 
As a social planner incorporates the economic impact of 
health damages from land conversion into the planning, 
the amount of land converted each year decreases. The 
difference between the net present value between these 
two paths of land conversion reveals the economic 
cost of converting an excessive amount of land 
that does not consider the malaria damages for 
society. The third optimal path (green line, FIGURE 9) 
calculates the amount of land to be converted considering 
private profits, economic cost of health damages for 
society, and the loss of ecosystem services from the land 
converted. The number of hectares converted each year 
should be smaller than the first two cases. The difference 
between the net present values of health costs between 
the private decision (black path, FIGURE 9) and this third 
path display the total economic cost of converting 
an excessive amount of land greater than the 
optimal social level when the opportunity cost 
of losing ecosystem services is included. This 
difference does not represent any economic loss of 
ecosystem services. 

As we estimate the optimal path of land conversion to 
maximize social welfare (including health costs and loss of 
ecosystem services), the amount of land to convert each 
year is lower than the private optimal land because now 
each time a hectare of land is converted, the externality 
produced by the extra health cost and the loss of 
ecosystem services is assumed by everyone, and the land 
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We collected global data on total forest land, total 
agricultural land, health expenditures, and the average 
growth rate of gross domestic product (GDP) per country 
between 1961 and 2015 from the World Bank open 
database for 163 countries. We used the change in GDP 
for each country to project health expenditures for the 
next 30 years. We assumed that the probability of EID 
outbreak for each country will grow at a conservative 
rate of 4% each year8. The total land of the 163 countries 
studied (12.5 million hectares), represents 84% of the 
global land (14.9 million hectares) and the sum of forest 
area and agricultural area globally (8.6 million hectares) 
is equal to 70% of total available land area for all the 
countries or 58% of total global land. Global forest land 
represents 45% of total available land (forest land plus 
agricultural land). Using the total agricultural value added 
and the number of hectares dedicated to agriculture, we 
estimated the agricultural value added per hectare. The 
average value added per hectare is equal to US$2,746  
with a standard deviation of US$12,334. 

distribution of plantations (palm oil and other timber 
plantations), as well as accessibility. We then used these 
suitable habitat characteristics to develop a spatially explicit 
model to determine areas on the landscape with: 1) the 
highest potential conversion value; 2) high connectivity to 
other high conversion value land plots; and 3) locations 
that minimize natural habitat fragmentation. REFER TO 

APPENDIX 5: SPATIALLY EXPLICIT MODEL. 

RESULTS:  
GLOBAL ECONOMIC MODEL 

A global, country-level model was developed to estimate 
the total economic loss of future EIDs due to excessive 
global land conversion over the next 30 years. Similar to 
the model for Sabah, a land manager chooses the amount 
of forest land to convert into agriculture production each 
year to maximize the net present value of private profits 
and social costs (expected costs from EIDs and loss of 
ecosystem services) for each country.

FIGURE 10: Suitable areas for land development in Sabah, Malaysia. A spatially explicit algorithm was developed to determine suitable 
areas for the same land use (i.e. palm oil plantations) in its neighborhood. For example, if an area is suitable for agriculture and it is close to 
other areas that are suitable for agriculture, it will be selected for future development. The map on the left is based on a model that penalizes 
development areas that are separated, favoring areas that are proximal. The model that generated the map on the right does not include any 
penalization method allowing highly fragmented land use planning.

SPATIALLY EXPLICIT MODEL
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3. �The marginal value of forest land developed is the 
average value added per hectare of agricultural 
production instead of palm oil prices. We assumed 
that forest land is converted into a land that yields an 
average production of all crops in the country.

4. �We assumed that the marginal cost of forest land 
conversion, per hectare, is a function of the annual 
minimum wage for the agricultural sector per country 
multiplied by the number of workers per hectare in 
each country, plus fertilizer expenditures per year and 
per hectare in each country in the agricultural sector 
instead of palm oil production costs. 

The main differences between the methodology  
for global analysis and the Sabah analysis are:

1. �We used data per country from an open dataset  
to parametrized the model instead of specific  
data collected from Sabah. REFER TO APPENDIX 1:  

DATA SOURCES  FOR PARAMETERS USED IN 

THE GLOBAL ANALYSIS. 

2. �The starting point for land conversion was the current 
deforestation level for each country instead of a starting 
point of all pristine forests like Sabah in 1971. This allows 
us to estimate the projection from the present into the 
next 30 years, instead of the historical cost from forest 
land conversion. 

The fragmentation landscape of Kinabatangan Sabah.
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5. �We also assumed that the marginal economic loss per 
country from EID outbreaks is based on the likelihood 
of future EID events due to land use change multiplied 
by the ratio of expenditures in EID prevention and 
control over the total health expenditures per country. 
Approximately 31.5% of the EIDs since 1940 have 
been related to land use conversion (e.g. agricultural 
intensification)25. 

6. �We also assumed that all countries use the same 
proportion of health expenditures dedicated to EID 
control and prevention (0.3%). It is assumed that there 
are on average 2.6 novel EID outbreaks per year13. 
We also assumed a discounted rate of 3% per year , a 
natural growth rate of pristine forest of 2% per year, 
an effectiveness rate of land conversion of 100%, and 
80% of tax revenues returned to the public as direct 
transfers26. 

The global annual economic loss from EIDs due to 
excessive forest land conversion was estimated between 
US$18 and US$52 billion annually (US$4.2-US$11.1 ag ha/
year). That is equivalent to a present value of US$602 [536 
- 1,553] billion in additional costs for the global economy 
over the next 30 years. This cost is unevenly distributed 
among countries, with China and the United States having 
the highest economic burden (25% and 19% respectively) 
though these countries do not have the highest risk of EID 
outbreaks. The average loss per hectare of agricultural 
land is estimated at US$646. In general, countries with 
both high GDP and health expenditures are the ones 
most likely to lose from the impact of infectious diseases 
emerged from countries with high levels of land conversion 
and high risk of EID outbreaks. According to our analysis, 
in order to minimize the economic impact of EIDs due 
to forest land conversion to a social optimal level, the 
world as a whole needs to reduce 769 million hectares 
(8.9% of total global available land) of agricultural land and 
reconvert it to forest land. 
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TASK 2:
POLICY AND OUTREACH

INFECTIOUS DISEASE EMERGENCE AND ECONOMICS OF ALTERED LANDSCAPES (IDEEAL) 

[
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PART A: 
Stakeholders and 
Development and Health 
Research Unit (DHRU) 

STAKEHOLDER ENGAGEMENT 

Engagement with government, academia, industry, and 
NGO stakeholders was a key element of IDEEAL from 
its inception. Throughout the project, EcoHealth Alliance 
emphasized collaboration with all stakeholders to develop 
solutions that are business friendly, and beneficial to health 
and the environment. Over the lifetime of the project, 
IDEEAL engaged over 1000 individual stakeholders 
from more than 40 stakeholder groups including: local 
communities, government departments, universities, 
private sector industries, and local and international NGOs. 

As a part of this engagement, EcoHealth Alliance 
developed a stakeholder working group and held quarterly 
stakeholder meetings in partnership with the Universiti 
Malaysia Sabah to discuss data sources, modeling methods, 
policy approaches, and community engagement and 
outreach. This included sharing preliminary results with 
stakeholders, engaging partners in critical analysis of 
modeling approaches and plans, discussing best practices 
in creating wide-reaching policy deliverables, and sharing 
research and ideas on land-use change and health across 
Southeast Asia. For example, the preliminary Sabah 
economic model was refined after input from stakeholders 
on the influence of taxes on economic gains during the first 
Industry Outreach meeting. After the project expansion 
within Southeast Asia, additional stakeholders from 
Indonesia, Thailand, and Peninsular Malaysia were included, 
with smaller and less formal stakeholder meetings held in 
these regions (TABLE 2). Stakeholders within IDEEAL 
played an instrumental role in acquiring, sharing, and 
commenting on data and data availability, and suggesting 

DCoP Tom Hughes briefs stakeholders on progress with Industry engagement and the Position Paper at 8th DHRU stakeholder meeting.
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STAKEHOLDER MEETINGS

Stakeholder Meeting  October 2013 Malaysia

Stakeholder Meeting 1st Stakeholder Meeting December 2013 Malaysia

Stakeholder Meeting 2nd Stakeholder Meeting July 2014 Malaysia

Stakeholder Meeting 3rd Stakeholder Meeting December 2014 Malaysia

Stakeholder Meeting 4th Stakeholder Meeting May 2015 Malaysia

Industry Outreach 
Meeting 

1st Industry Outreach Meeting October 2015 Malaysia

Stakeholder Meeting 5th Stakeholder Meeting October 2015 Malaysia

Industry Outreach 
Meeting

2nd Industry Outreach Meeting November 2015 Malaysia

Stakeholder Meeting 6th Stakeholder Meeting August 2016 Malaysia

Stakeholder Meeting 7th Stakeholder Meeting September 2017 Malaysia

Roundtable Meeting
Developing A Blueprint For 
Land Use Change In Sabah

December 2017 Malaysia

Stakeholder Meeting 8th Stakeholder Meeting August 2018 Malaysia

Stakeholder Meeting 9th Stakeholder Meeting February 2019 Malaysia

TABLE 2: 
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PART B: 
Policy and  
Scientific Outreach

POLICY 

Policy Engagement 

Policy engagement has been a key focus of IDEEAL from 
the start. Policy makers across the local, subnational, 
and national levels were engaged from the beginning 
of the project as key project stakeholders and their 
input was used to ensure that analyses and project aims 
were practical and relevant in the local context. Their 
support allowed the IDEEAL project to engage with local 
communities and international organizations (e.g. RSPO). 
Partners included the Sabah State Health Department, 
Sabah Wildlife Department, Ministry of Health Malaysia, 
BC Initiative, Bornean Rhino Alliance, Biotechnology 
Research Institute, Universiti Malaysia Sabah, Faculty 
of Medicine and Health Sciences Universiti Malaysia 
Sabah, Borneo Medical and Health Research Centre 
Universiti Malaysia Sabah, Faculty of Humanities, Arts 
and Heritage Universiti Malaysia Sabah, Danau Girang 
Field Centre, Department of Wildlife and National Parks 
Peninsular Malaysia, Forest Research Institute Malaysia, 
Living Landscape Alliance, Malaysian Palm Oil Council, 
Proctor and Gamble, PACOS, Sabah Economic and 
Development and Investment Authority, Sabah Forestry 
Department, Sabah Land and Survey Department, Sabah 
State Economic Planning Unit, Sime Darby, Wilmar, WWF, 
Sabah Wildlife Health Unit (WHU), Sabah Wildlife Rescue 
Unit( WRU), Kinabatangan Orangutan Conservation 
Programme (HUTAN), Ministry of Public Health Thailand 
Department of Disease Control Bureau of Vector 
Borne Diseases and Bureau of Epidemiology, Faculty of 
Forestry Kasetsart University (FFKU), Department of 
National Parks, Wildlife and Plant Conservation, Thailand 
and Mahidol-Oxford Research Unit (MORU) Faculty of 
Tropical Medicine, Mahidol University were key partners.

useful resources. Stakeholders were also instrumental 
in advising the core IDEEAL team on applications of the 
research and how to ensure that outputs were of practical 
value to government, industry, and public and private 
sector groups. 

EcoHealth Alliance officially joined the Roundtable on 
Sustainable Palm Oil (RSPO) as an NGO member in 
2015. The RSPO is a not-for-profit group which brings 
together companies across the industry (producers, 
purchasers, retailers) as well as NGOs to create an 
international standard for “Certified Sustainable Palm Oil”. 
The EcoHealth Alliance IDEEAL team was able to bring a 
health and economic perspective to RSPO, complementing 
other NGOs and industry programs within RSPO. IDEEAL 
attended the RSPO’s annual conference the Roundtable 
on Sustainable Palm Oil in 2015 and 2016 to meet and 
network with potential industry partners. IDEEAL also 
held site meetings as a part of this event to gain insight 
on the IDEEAL modeling and program outreach. As an 
NGO member of RSPO we were able to reach palm oil 
industry representatives from across the supply chain 
and the globe, and raise the profile of the project. 

REFER TO APPENDIX 2:  

LIST OF STAKEHOLDERS 

Peter Daszak (COP) attending stakeholder meeting in 
Sabah, Malaysia.



Page 30  |  Task 2

POLICY POSITION PAPER TO BE PRESENTED TO SABAH CABINET

POLICY POSITION PAPER BRIEFING NOTE
FEBRUARY 2019 

Policy Position Paper in the Form of a Draft Cabinet Paper (December 2018)

TITLE: 	 Infectious Disease Emergence and the Economics  

of Altered Landscapes (IDEEAL)

BACKGROUND: 	 Infectious diseases caused by wildlife viruses and bacteria have 
an important impact on the economy. Recent viruses (SARS 
Coronavirus, Nipah virus, and most recently Zika and Ebola virus) 
originated from wildlife and cost the global economy more than 
USD$60 billion (1). Nipah virus alone cost the Malaysian economy 
USD$550 million (2). Deforestation, intensive agriculture practices 
and increased contact between people and wild animals heighten the 
odds of virus and bacteria spillover and its corresponding negative 
impacts to local and global economies. 

AIMS: 	 The Infectious Disease Emergence and Economics of Altered 
Landscapes (IDEEAL) project, investigates how human activity 
(e.g. deforestation) contributes to disease outbreaks and aims to 
1) Estimate the economic benefits of conserving forest to regulate 
disease; 2) Estimate the total economic costs (private and public) of 
converting land; and 3) Provide a tool to inform land-use planning. 

RESULTS: 	 Malaria has already cost Sabah more than USD$8.9 million (3) 
per year. Reducing malaria transmission by just 10% comes to 
approximately USD$14 million in future savings (4). That is, for each 
dollar invested in reducing malaria, Sabah’s government secures a 
return of USD$4 dollars on future savings it can pass to its citizens 
(5). More broadly, an investment of USD$500,000 on IDEEAL 
implementation could save the Malaysian economy at least  
USD$2 million (6).

RECOMMENDATION: 	 The impact on human, animal, and environmental health – as 
well as the potential burden on the local and global economy – 
should be paramount in any decision about land management. 
This approach could improve industry practices and regulations 
reducing environmental and health-associated costs to the Malaysian 
government and its citizens.

[
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In addition to the nine stakeholder meetings held 
throughout the project, policymakers were engaged 
via numerous policy dialogue discussions on how to 
best operationalize IDEEAL’s modeling outputs and 
communicate them to effect meaningful policy change. 

Policy Position Paper 

As a part of IDEEAL’s efforts to engage policy-makers in 
the IDEEAL project and promote the use of IDEEAL’s 
science and modeling in decision-making, the IDEEAL 
team has worked with key stakeholders to draft a Policy 
Position Paper in Sabah to be presented to the Sabah 
Cabinet. Applying science-based land planning tools, such 
as the ones created by IDEEAL, will allow the creation of 
sustainable land management policies, leading to long-
term savings and improved well-being. This Policy Position 
Paper recommends polices promoting the use of science-
based land planning tools to determine the optimal rate 
of forest conversion and protection, while considering 
the human, animal, and environmental impacts of land 
conversion in all proposed development projects. It is 
being jointly presented by SWD and SSHD, highlighting 
the multi-sectoral support for this project. Collaboration 
between multiple government agencies following the 
recommendations of this paper will ensure sustainable 
economic development for Sabah, while protecting the 
health of Sabahans and the environment. 

BASELINE AND ONGOING SURVEYS 

The IDEEAL project collected baseline and updated 
information from stakeholders (including local 
communities) on infectious disease and land use topics 
to assess how visibility and understanding of these topics 
differed by demographic characteristics and over the 
period of the project. Brief questionnaires were designed 
as an informal modeling tool and distributed to key 
stakeholders during stakeholder and other outreach 
meetings. Between 2014 and 2017, 1,047 individuals 
completed the 46-item baseline questionnaire with at 
least 50 participants completing the questionnaire twice. 

Only 3% of new participants were familiar with the 
IDEEAL project prior to completing the survey, compared 
with 94% of those who had previously completed a 
questionnaire. Results presented below include only the 
1,047 baseline surveys to avoid double counting. 

The average age of participants was 35 years old. Slightly 
more men than women completed the questionnaire 
(55.5% men, 44.5% women). The most common 
occupations listed were homemaker, harvester, 
student, self-employed, and farmer. Most questions 
were multiple choice and focused on three primary 
areas: perceived disease risk from human-animal-
environment contact, land use, and climate change. 

Participants were asked to report perceived risk of several 
scenarios regarding interactions with animals and wildlife. For 
all questions, the majority of respondents reported at least 
some perceived risk (“somewhat risky”) associated with 
each action. Participants were also asked if they were aware 
of diseases linked to agriculture, logging, and hunting. Of 
those participants who listed a disease, malaria was the most 
common response across all three interfaces (TABLE 3).  

FIGURE 11: Gender breakdown of IDEEAL baseline 
questionnaire respondents. The IDEEAL project aimed to have 
equal participation from men and women; however, more 
respondents (58%) were male than female (42%).

GENDER OF SURVEY RESPONDENTS

58.1%

Male

41.9%

Female
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FIGURE 12: Selected IDEEAL baseline response on climate change questions. Respondents were asked “Is climate change  
happening now?” Most responded “Climate change is happening now.” with fewer than 200 respondents responding that climate  
change is not happening.

RESPONSE TOTAL AGRICULTURE HUNTING LOGGING

Malaria 541 123 185 233

Dengue 250 54 84 112

Fever 192 73 45 74

Itchy Skin 139 60 33 46

Skin Diseases 101 36 18 47

Coughing 99 34 7 58

Flu 79 28 18 33

Headache 64 37 4 23

Diarrhea 61 18 7 36

Vomiting 45 20 14 11

TABLE 3: �MOST COMMON DISEASES ACROSS ENVIRONMENTS  
IDENTIFIED BY STAKEHOLDERS

MAIN CAUSE OF CLIMATE CHANGE
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was formally created at the Universiti Malaysia Sabah (UMS) 
in November 2014, to serve as an international resource 
to promote research on the science and policy of land-
use change and the cost of disease emergence. EcoHealth 
Alliance supported its inception through USAID funding 
to IDEEAL with the aims of promoting scientific research 
and enhancing the sustainability of IDEEAL. The Faculties 
of Business, Economics and Accountancy, Medicine and 
Health Sciences, Humanities, Arts and Heritage, Sustainable 
Agriculture and the Biotechnology Research Institute, have 
participated in the DHRU and have had staff members as 
Research Fellows. The DHRU serves as:

•	 A venue for partner and stakeholder meetings

•	 A center for learning and exchange of ideas

•	 A resource center for postgraduate students and 
scholars, to include the offer of training through short 
courses, seminars and outreach programs

•	 A center for access and dissemination of knowledge  
to the public

•	 A platform to act as a forum for state-of the-art 
multi-disciplinary think tank composed of experts from 
the fields of economics, disease ecology, agriculture, 
forestry, wildlife conservation, and health as well as 
industry experts involved in land development in Sabah

•	 A forum for scientific experts and policy makers 
in the engagement of round table discussions with 
industry leaders on project findings and current land 
use practices for the purpose of creating guidelines 
on how to reduce the risks of disease emergence as a 
consequence of land use change and development.

Since its founding, members of the DHRU have convened 
stakeholders from public and private sectors in Sabah 
and Peninsular Malaysia to develop economic models, 
strategies, and outreach materials related to the study of 
land use change, economics, and disease. In May 2015, an 
MOU was signed which formalized mutual commitment 
to collaboration and to helping fulfill the aims of IDEEAL. 
Since then, the DHRU has served as a center for local 
stakeholders and faculty to convene and discuss IDEEAL 
outputs. The DHRU has hosted research seminars 

Similarly, participants were asked to list potential 
uses for disturbed and undisturbed land. Responses 
were grouped into 10 categories. Agriculture was 
the most common response for both questions. 
Extractive activities such as burning and logging was 
a much more common response in undisturbed land, 
representing 20.6% (n=444) of responses, than disturbed 
land, representing 1.58% (n=43) of responses.

The final section of the survey focuses on climate change 
beliefs and opinions. The majority of survey participants 
reported knowing at least ‘a little bit’ about climate 
change (68.2%, n=683), even more said that climate 
change is ‘happening now’ (79.7%, n=794), that ‘human 
activities’ are the main cause of climate change (70.8%, 
n=699), and that they have heard of human activities 
that cause climate change (88.2%, n=778) (FIGURE 

12). The most common human activities listed were 
logging, burning, and deforestation. Participants were 
overwhelmingly supportive of climate mitigating actions 
(e.g. instituting strict environmental standards for 
companies, fuel efficiency in cars, rubbish collection, and 
chemical fertilizers), with over 80% of the participants 
‘strongly supporting’ these actions. When asked if the 
government should pay attention to climate change, 
92.2% of the respondents said they at least ‘somewhat 
agree’. However, when asked who should play the 
‘greatest’ role in responding to climate change, 10% 
more respondents chose public than government.

Development and Health 
Research Unit (DHRU) 

During the period of the IDEEAL project, EcoHealth 
Alliance (EHA) and the Universiti Malaysia Sabah (UMS) 
launched The Development and Health Research Unit 
(DHRU) based at the Kota Kinabalu campus of UMS. 
The DHRU is a platform for multi-disciplinary research, 
stakeholder meetings, publications and other collaborative 
activities in the scope of land-use change, disease-emergence 
and in related social and public health aspects. The DHRU 
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change and the cost of disease emergence, and to develop 
economics models, strategies, and outreach materials related 
to the study of land use change, economics, and disease. 

In addition to its role with the DHRU, EcoHealth Alliance 
will continue to work closely with the BMHRC. This 
move ensures that the DHRU will continue to operate 
after the IDEEAL project has ended. The long-term 
vision for the BMHRC and the DHRU is that it will be 
recognized beyond Sabah, as an international research 
center of excellence. Over the next 5 years, the DHRU 
plans to continue to study the impact of land use change 
on economics and disease emergence; organize seminars, 
workshops and conferences in related fields; support 
students who have related research interests, pursue 
funding opportunities and research grants; and publish 
work in indexed and highly-ranked academic journals. 

A dedicated website for the DHRU can be found at the 
BMHRC at http://www.ums.edu.my/dhru/.

for UMS students and served as a forum to develop 
informational toolkits which have been disseminated to 
industry, government and rural communities in Sabah 
(in collaboration with local NGOs that have partnered 
with EHA and UMS). These toolkits have provided 
stakeholders --community members, private industries, 
researchers, government officials, and policy makers — 
the ability to translate science into action, with particular 
consideration for gender sensitive issues. In addition to 
stakeholder meetings and outreach, the DHRU has served 
as an educational platform for graduate students at UMS. 
Beginning in 2016, the first three graduate students joined 
the DHRU to complete a Master’s degree on topics 
related to the IDEEAL project (SEE DHRU GRADUATE 

STUDENT SECTION). 

In May 2018, it was decided that the DHRU would move 
under the umbrella of the Borneo Medical and Health 
Research Centre (BMHRC). The DHRU will continue to 
promote research on the science and policy of land use 

Community members at Kampong Kalampun list out various land uses as part of the Toolkit training.
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Jimmy Lee presenting his work on illegal pangolin trade.

DHRU GRADUATE STUDENTS 

In October 2016, three students were selected for 
the 2-year Master’s Research program at DHRU, 
supported by the IDEEAL project. IDEEAL team 
members also served as formal scientific advisors 
and mentors for the three graduate students. The 
IDEEAL project was also able to support student 
poster presentations at domestic and international 
research conferences. These students will help to 
support the next generation of work on health and 
land use projects across Southeast Asia. 

1)  �Jimmy Lee – “Zoonotic disease surveillance and 
microsatellite genetic study for the confiscated 
and rescued pangolins from Malaysia.” Expected  
September 2019. 

2)  �Alice Mathews – “From bush to dinner table: 
Understanding wild meat preparation and 
consumption by local communities.” Expected 
September 2019.

3)  �Amy Lim – “Prevalence and associated 
environmental and social risk factors of worm 
infection among rural communities of Northern 
Sabah.” Confirmed Master of Science at the 20th 
Convocation at UMS on 24th November 2018. 

AMY LIM RESEARCH SUMMARY

Amy was a Master’s 

student at the Faculty 

of Medicine and 

Health Sciences since 

February 2015. In 

October 2016, she 

was successful in her 

application to secure 

funding from IDEEAL 

to finish her studies. 

Her study estimated 

the overall prevalence 

of infection with parasitic worms among children 

in rural communities and the related risk factors 

of worm infections. The cross-sectional study was 

carried out from April 2015 until January 2018 in 13 

villages involving children aged between six months 

and 17 years of age in Kota Marudu, Sabah. This study 

involved assessment of surrounding environment, 

collection of stool as well as soil and water samples, 

interviewing villagers using questionnaires to collect 

baseline data, microscopy, statistical analysis and 

genetic characterization. The overall prevalence of 

soil-transmitted helminth (STH) infections in these 

children was 14.3% with A. Lumbricoides at 63.9%, 

hookworm 18.0% and T. trichiura 18.0%. The risk 

factors found to be associated with these infections 

were mothers with low or no formal education; 

household income of less than RM500; use of 

untreated drinking water; unavailability of toilets; 

children who usually walk barefoot and not washing 

feet before entering the house; and the presence of 

domestic animals in the house. About 35% of the soil 

samples were found to contain eggs of one or two 

soil-transmitted helminth (STH) species. Through 

genetic characterization via Polymerase Chain 

Reaction, A. Lumbricoides, Necator americanus 

and Ancylostoma species were recorded. Amy 

has published one paper, “Worm Infection among 

Children in Malaysia” (published in the Borneo 

Journal of Medical Sciences (2016) Volume 10, Issue 

11 pp: 59-74) and is working on another paper on the 

risk factors, which has yet to be published. 
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PART C:  
Capacity Building, Toolkit Development,  
and Knowledge Communication 

Samantha Maher presenting on ecosystem evaluations in the IDEEAL framework.

CAPACITY BUILDING TRAININGS 

Training and sustainability were key focal areas of the 
IDEEAL project. The DHRU (see above section) site 
hosted many of the capacity building training conducted 
as part of the IDEEAL project. In May 2015, the DHRU 
held a conference titled “The Links between Land Use 
Change, Development and Health” which was attended 
by 101 participants from government, industry, non-
profit organizations, faculty and students. In addition to 
this, the DHRU hosted several capacity building trainings 
and seminars led by members of the IDEEAL team. 
Training topics were grouped into 4 general subject 
areas: Modeling (Introduction to R and GIS), Zoonotic 
disease and economics (DHRU seminar, Promoting 
One Health through Zoonotic Disease Surveillance), 
health and land use planning and management (IDEEAL 
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DHRU SEMINARS AND CAPACITY BUILDING TRAININGS 

GENDER BREAKDOWN OF TRAININGS

438 
Males

404 
Females

TOPIC BREAKDOWN

Health and Land Use Pplanning and Management

Scientific Communication 

Modeling and Research

Zoonotic Disease and Economics 

 

FIGURE 14: Summary of IDEEAL capacity building training by topic area. Training topics were grouped into four general subject areas: 
modeling (Introduction to R and GIS), zoonotic disease and economics (DHRU seminar, Promoting One Health Through Zoonotic Disease 
Surveillance), health and land use planning and management (IDEEAL toolkit), and communication skills (funding science and knowledge 
translation). Participants included government stakeholders, university students and faculty, NGO partners, and community members.

FIGURE 13: Plot of IDEEAL capacity building training participants by gender. Blue color indicates male participants and grey color 
indicates female participants. IDEEAL project aimed to have roughly equal participation from male and female participants.
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trainings on environmental economics, scientific 
communication and research skills, and using the IDEEAL 
web application in Thailand and Indonesia. Over 700 
participants attended IDEEAL-sponsored trainings in 
Malaysia and Thailand over the course of the project. 

toolkit), and communication skills (funding science and 
knowledge translation). Participants included government 
stakeholders, university students and faculty, NGO 
partners, and community members. During the project 
expansion, the IDEEAL team also led capacity building 

•	 July 2016, IDEEAL Chief of Party, Dr. Peter Daszak, 
conducted a seminar at DHRU on grant writing 
entitled “Funding Science: Tips on grant-writing and 
fund-raising for scientific research projects.” This 
seminar was attended by 109 staff and students 
from UMS.

•	 October 2016, Allison White, Research Scientist 
at EcoHealth Alliance, presented on “Toolkit 
development and implementation with the IDEEAL 
project,” while IDEEAL Chief of Party, Dr. Peter 
Daszak, gave a seminar entitled “Communicating 
Science: Publishing your research and maximizing 
impact.” This seminar session was attended by 48 
participants from Faculty of Medicine and Health 
Sciences UMS, Department of State Health Sabah, 
WWF and BCI. 

•	 Two ‘Introduction to R Software’ workshops 
were also conducted at DHRU on February 23rd 
(attended by 29 participants) and August 18, 2016 
(attended by 15 participants).

•	 December 2017, first Geospatial Information System 
(GIS) training was held at UMS. This training was 
conducted by Allison White, Yasha Feferholtz, and 
Erica Johnson, and was attended by 27 participants. 

•	 May 2018, Tom Hughes, IDEEAL Deputy Chief of 
Party presented a seminar on “Promoting One 
Health through Zoonotic Disease Surveillance”. 
This seminar was attended by 18 staff and  
students of UMS. 

•	 August 2018, IDEEAL Chief of Party, Dr. Peter 
Daszak, gave a seminar at DHRU on “Ebola, Nipah, 
Disease X, and the new global strategy to fight 
emerging diseases.” This seminar was attended by 
62 participants from UMS. 

•	 February 2019, a full day of IDEEAL Seminars 
were held in UMS. These seminars sessions were 
attended by 74 staff and students of UMS. 

•	 February 2019, the second Geospatial Information 
System (GIS) training was held at UMS. This training 
was conducted by Allison White and Samantha 
Maher, and was attended by 25 participants.  

Kampong Kalampun community members with team from PACOS and EHA during Toolkit presentation.



Task 2 |  Page 39 

TOOLKIT DEVELOPMENT 

Effectively communicating and translating IDEEAL’s 
modeling findings has been a key goal of the IDEEAL 
project throughout the lifetime of the program. 
One key element of this was developing a toolkit for 
communicating health impacts of differing land use options, 
an activity that led to the creation of IDEEAL’s Health 
and Land Use Change Toolkit. These tools highlight the 

links between land use change and diseases such as 
malaria, dengue, and leptospirosis. They provide an 
interactive and clear way to communicate complex 
modeling results to communities in remote and low-
resource areas and to foster discussions reducing the 
health impacts and economic costs of land change. 

Jimmy Lee presenting toolkit to community from Kampong Kalampun.
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IMAGE 1  »  Caption needed

SUCCESS STORY: 

COMMUNITY TOOLKIT PILOT TESTING

The Health and Land Use Change Toolkit was designed to reach a wide range of stakeholders. 

Communities were involved every step of the way. The toolkits were developed with close input of 

community members and local stakeholders, translated 

into Bahasa Malay (from the original English), and tested 

in rural communities, thus ensuring the toolkits are 

comprehensible and relevant to diverse audiences. 

Following several sessions of toolkit development and 

stakeholder feedback, the IDEEAL team traveled to 

Kampung Bilit and Kampong Sukau in Eastern Sabah 

and pilot tested the toolkit to community members 

and village leaders there, with the specific intent of 

gaining feedback. Community members highlighted 

the usefulness of the toolkit, and interest in the novel 

topic, and provided tangible suggestions on updating 

the translation to make topics health less technical, 

and on how to frame some of the discussion topics. 

This valuable feedback allowed the IDEEAL team to 

create a more practical and useful version of the toolkit. Following this pilot testing, community leaders and 

mobilizers from over 52 villages across Malaysia were trained on the toolkit and the toolkit continued to be 

updated with feedback from participants throughout the IDEEAL project.

[

Jimmy Lee from EHA discussing land use change 
and health as part of IDEEAL Toolkit review with 
Ketua Kampung (Village Head) Kampong Bilit in 
Kinabatangan District Sabah.

Allison White hosting IDEEAL Toolkit trainings with team from PACOS in Sabah, Malaysia.
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This educational toolkit connects human health with 
environmental change and development and links research 
and scientific findings with community action through 
activities and discussion. The IDEEAL Health and Land 
Use Change Toolkit was designed for toolkit participants 
to gain an understanding of the potential health impacts 
of land use change and to foster discussions on the 
interaction and interconnectedness of land use and health. 
The toolkit is participatory and interactive with 3 sections 
on the following topics: Understanding Land Use Change, 
Linking Health and Land Use Change, Economic Costs and 
Mitigation Strategies and is available in English and Bahasa 
Malaysia, and can be adapted in length and content for use 
in different audiences. 

The development of the Health and Land Use Change 
Toolkit was a multi-partner iterative process engaging 
members of the IDEEAL modeling team, faculty and 
students at the DHRU, members of local government, and 
representatives from non-governmental and community-
based organizations. This toolkit was developed and 
pilot-tested in collaboration with these stakeholders to 
ensure the toolkit covered relevant material, was culturally 
appropriate and gender-sensitive, and did not duplicate 
existing resources. 

Toolkit dissemination: Following pilot-testing, local 
facilitators from the DHRU, PACOS and other community 
organizations were trained to facilitate the toolkit. Toolkit 
facilitators attended 1-2 day training sessions on toolkit 
contents and facilitation techniques. 

The IDEEAL Health and Land Use Change Toolkit was 
presented in over 52 villages to 702 total participants 
in Sabah and Peninsular Malaysia. As part of this toolkit 
dissemination, the IDEEAL toolkit was also shared with 
RSPO-member industry partners, UITM (Universiti 
Teknologi MARA) students, and small-holder farmers  
(see page 40). This toolkit is designed to be used along- 
side the IDEEAL interactive web modeling application  
(see page 42). 

Jimmy Lee presenting IDEEAL Toolkit to the team from PACOS. Jimmy Lee leads a game to illustrate the connectivity of ecosystem 
services with the community at Kampong Kalampun.
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These evidence-based 
analyses can be used 
by policy-makers, local 
governments, industry 
representatives, and 
community leaders 
to broadly examine 
the interplay of these 
factors and promote 
reduced-impact land 
utilization among their 
counterparts and other 
stakeholders. 

SCIENTIFIC OUTREACH 

There were two components to IDEEAL’s scientific 
outreach: 1) Working directly with stakeholders to 
communicate the modeling techniques and results and 
2) Presenting IDEEAL’s science through peer-reviewed 
publications and conference posters and presentations. 

The IDEEAL stakeholder meetings were attended by 
government representatives, university faculty, and 
community and nonprofit leaders. 

There are currently five planned peer-review publications 
on the IDEEAL project outputs in the preparation 
stage, and IDEEAL research and modeling results have 
been presented at 12 academic conferences (TABLE 

4). Target journals for these publications include a 
range of high-impact journals from across scientific 
disciplines (e.g. health, biological sciences, policy, ecology), 
highlighting the multidisciplinary and One Health 
nature of this work, and increasing its scientific impact. 
Conference posters and talks were presented on three 
continents across multiple countries, ensuring a wide 
reach of the IDEEAL program among fellow scientists. 
The conference presentations allowed the IDEEAL 
team to increase the research profile of land use and 
health issues, gain valuable feedback on the modeling 
process, and foster collaboration for future research. 

IDEEAL APP 

The IDEEAL App was designed to translate IDEEAL 
modeling results into a clear and accessible interface for 
stakeholders. The IDEEAL App contains a reduced version 
of IDEEAL’s dynamic optimization model, allowing for 
a broader understanding of IDEEAL’s modeling results. 
This application is available on the web accessible by 
desktop browsers or mobile devices at http://ideeal.eha.
io/. While the application is not designed to replace the 
more refined optimization models created for Malaysia 
and Thailand, it provides a basic economic justification 
for promoting sustainable land use and, more specifically, 
incorporating health and ecosystem services values 
into land development planning. The underlying model 
in the application is simplified to make it readily usable 
and interpretable at any scale with various agricultural 
commodities or diseases.

More specifically, the IDEEAL app can be used for:  
1) Scenario analyses, allowing decision-makers  
to compare different potential courses of action,  
2) Sensitivity analyses, to determine which  
parameters affect model results most (and thus identify 
areas where accurate data is most important), and  
3) Descriptive visualizations, to communicate the 
economic impacts sustainable land utilization in a clear  
and intuitive way. 

FIGURE 15: Screenshot of the IDEEAL App in use.
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MEDIUM TITLE CONFERENCE DATE AUTHOR/ 
SPEAKER LOCATION

Oral 
Presentation

Hendra virus – an 
Emerging Zoonoses 
linked to demographic 
Shifts in Eastern Australia

The Links for Land Use 
Change, Development  
and Health

May 2015 Dr. Hume Field Malaysia

Oral 
Presentation

Land Use Change and 
the Economic Cost of 
Emerging Diseases

27th International 
Congress for 
Conservation Biology

August 2015

Dr. Carlos 
Zambrana-Torrelio, 
VP of Conservation 
and Health EHA

France

Oral 
Presentation

Land Use Change And 
The Economic Cost 
Of Emerging Infectious 
Diseases

Conservation of Biological 
Diversity Conference 
SBSTAA

2016

Dr. Carlos 
Zambrana-Torrelio, 
VP of Conservation 
and Health EHA

Mexico

Oral 
Presentation

Land Use Change, 
Conservation and Health

The Links for Land Use 
Change, Development  
and Health

May 2016
Dr. Peter Daszak, 
President  
EcoHealth Alliance

Malaysia

Poster 
Presentation

Zoonotic Viruses 
Surveillance for the 
Confiscated Pangolins in 
Malaysia

One Health Eco Health 
Conference, 2016 - 
Melbourne, Australia

December 
2016

Jimmy Lee,  
DHRU  
Masters Student

Australia
Poster 
Presentation

Soil –Transmitted 
Helminths Among Rural 
Indigenous Children in 
Kota Marudu, Sabah

Amy Lim,  
DHRU  
Masters Student

Oral 
Presentation

Analyzing the health value 
of a tropical forest – New 
strategies to mitigate 
pandemic prevention

Tom Hughes,  
DCoP

Poster 
Presentation

Zoonotic Viruses 
Surveillance for the 
Confiscated Pangolins in 
Malaysia

Linking Public Health  
and Ecosystem 
Management:  
a One Health Approach 
at the Conference of the 
Parties - Convention on 
Biological Diversity

December 
2016

Jimmy Lee,  
DHRU  
Masters Student

Malaysia

Poster 
Presentation

Soil - Transmitted 
Helminths Among Rural 
Indigenous Cildren in 
Kota Marudu, Sabah

Amy Lim,  
DHRU  
Masters Student

Malaysia

TABLE 4: CONFERENCE POSTERS AND PRESENTATIONS

continued…
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MEDIUM TITLE CONFERENCE DATE AUTHOR/ 
SPEAKER LOCATION

Webinar

The Economic Costs 
of Emerging Infectious 
Diseases of Land, a 
OneHealth Perspective

Yale Center for for 
Business and the 
Environment

March 2017
Allison White and 
Yasha Feferholtz

US

Oral 
Presentation

Promoting One Health 
& Conservation through 
Zoonotic Disease 
Surveillance: The 
PREDICT & IDEEAL 
Projects in Malaysia

3rd Borneo Tropical 
Medicine and Infectious 
Disease Congress 2017

May 2017
Tom Hughes,  
DCoP

Malaysia

Panel

Bringing Solutions  
into Focus: Harnessing 
the Power of an 
Economic Lens

PMAC:  
Prince Mahidol  
Award Conference

February 2018

Carlos Zambrana-
Torrelio, Ramanan 
Laxamirayan, Gavin 
Yamey, Nita Madhav, 
Victoria Fan

Thailand

Seminar

Ebola, Nipah, Disease 
X, and the new global 
strategy to fight  
emerging diseases

August 2018
Dr. Peter Daszak, 
President  
EcoHealth Alliance

Malaysia

Poster 
Presentation

Analyzing the  
importance of land 
conversion as a driver  
of Disease emergence  
in tropical forests

February 2018
Tom Hughes,  
DCoP

Thailand

Poster 
Presentation

Surveillance of Zoonotic 
Viruses and Population 
Gen/etics of Confiscated 
Sunda Pangolins (Manis 
javanica) from Malaysia

International One Health 
Congress in Saskatoon

June 2018

Jimmy Lee,  
DHRU  
Masters Student

Malaysia

Oral 
Presentation

Quantifying the Health, 
Economic, and Ecosystem 
Impacts of Land-use 
Change as a Driver of 
Diseases Emergence in 
Southeast Asia

Allison White, 
Community 
Outreach 
Coordinator 

Malaysia

TABLE 4:  continued from page 43

continued…



MEDIUM TITLE CONFERENCE DATE AUTHOR/ 
SPEAKER LOCATION

Poster 
Presentation

Valuation of  
Ecosystem Services in 
South East Asia: Malaysia,  
Indonesia and Thailand

American Museum 
of Natural History: 
Student Conference on 
Conservation Science, 
New York

October 2018
Sonia Dattaray, 
Research Assistant 
EcoHealth Alliance

US

Oral 
Presentation

Borneo Quality of Life

Promoting One Health 
& Conservation through 
Zoonotic Disease 
Surveillance: The 
PREDICT & IDEEAL 
Projects in Malaysia

January 2019
Tom Hughes,  
DCoP

Borneo 
Malaysia

TABLE 4:  continued from page 44

PUBLICATIONS

The IDEEAL project has led to the publication of two 
scientific publications: One Health Economics to Confront 
Disease Threats in Transactions of the Royal Society of 
Tropical Medicine and Hygiene and Incorporating Health 
Outcomes into Land Use Planning in EcoHealth Journal. 

An additional paper, Global Costs of Emerging Infectious 
Disease will be submitted in 2019. In addition to this, three 
scientific manuscripts and an editorial are in preparation on 
modeling land use change and their impacts on health. 

INDOHUN/PREDICT 
COLLABORATION 

The IDEEAL team supported 

Indonesia’s One Health Network 

(INDOHUN) in a disease, land use 

change and economics program in 

Indonesia, called DEAL. Members of 

the IDEEAL modeling team provided 

direct technical assistance to INDOHUN researchers from the University of Indonesia in spatial analysis, economics, and 

epidemiology, statistical programming software, and other research skills. This was accomplished via a cumulative 6 weeks 

of hands-on training, including workshops on R software analyses and economic modeling, in-depth assistance to the 5 

person INDOHUN research team, and regular calls to provide additional insight based on successes and challenges from the 

IDEEAL project, and economic modeling frameworks developed as part of the IDEEAL project. This collaboration, which 

was supported by a separate funding source, will allow researchers at INDOHUN to continue to conduct land use change 

and health work, and economic modeling in the future and help to ensure the sustainability of the program in the region.
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MONITORING 
& EVALUATION

INFECTIOUS DISEASE EMERGENCE AND ECONOMICS OF ALTERED LANDSCAPES (IDEEAL) 
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Monitoring and Evaluation 

TARGET ACTUAL PROJECTED 

Development context indicator:  

Percentage of developable land that will remain undisturbed: No current land planning updates have been made since the  

time of performance. We plan to monitor, over time, the percentage of land in the target countries which remains  

undisturbed using remote satellite imagery and government and industry commitments to preserving valuable forest areas.  

IR 1: �Created quantitative models capturing gender sensitive EID- related health savings  

as a function of land-use.

Outcome Indicator 1:  

Number and percentage of DHRU partners and 

stakeholders who are able to utilize the model  

in land-use planning

30% of partners 

and stakeholders

0% of partners  

and stakeholders

Sub-IR 1.1: Gathered required data to run the quantitative model. 

Output indicator 1.1.a:  

Number of datasets acquired, cleaned and formatted 

(recorded in MB)

 N/A
31 datasets,  

1154 MB

 25 datasets,  

1000 MB

Sub-IR 1.2:  �Developed portfolio of modeling and analysis activities assessing EID spillover  

likelihood and cost as a function of land-use development.

Output indicator 1.2.a:  

Number of model test runs that facilitate validation to 

regional and local levels

 N/A 

8 modeling frameworks 

created and explored, 

over 1000+ test runs 

across all frameworks. 

Statistical validation 

performed splitting  

data in training  

and validation

8 modeling frameworks  

created and explored, 

over 1000+ test runs 

across all frameworks

continued…

TABLE 5:  OUTPUT AND OUTCOME INDICATOR PROGRESS
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TARGET ACTUAL PROJECTED 

IR 2:  �Improved multi-channel availability of EID-focused quantitative resources amongst civil society advocates  

and government policy makers.

Outcome indicator 2:  

Number of policy dialogues using evidences  

generated by the IDEEAL project

 7

9 stakeholder meetings, 

1 roundtable (blue print 

on land use change 

meeting) , 2 industry 

conferences, 

9 stakeholder meetings,  

1 roundtable,  

2 industry conferences

Sub-IR 2.1: Established the DHRU for additional research, analysis and cross-disciplinary partnerships. 

Output indicator 2.1.a:  

Organizational capacity of the DHRU
 N/A See narrative below  

Output indicator 2.1.b:  

Number of graduate students trained* 

*Includes only DHRU Masters students; additional students 
were trained as part of IDEEAL capacity building activities 

 5 1 student graduated*

3 (1 graduated,  

2 students expected 

graduation Fall 2019)

Output indicator 2.1.c:  

Number of scientific knowledge products  

(e.g. posters, presentations, manuscripts, etc.) 

produced as a result of USAID-support

 10

16 (1 manuscript; 

9 conference 

presentations; 6 poster 

presentations)

22 (7 manuscripts 

(6 currently in 

prep); 9 conference 

presentations,  

6 poster presentations, 

2 planned conference 

presentations)

Sub-IR 2.2: Developed toolkit for communicating the health impacts of differing land-use options. 

Output: 2.2.a:  

Gender-sensitive health impact toolkits for promoting 

best practice approaches and translate project 

findings to ensure gender equality benefits developed

One Health impacts  

of land use change 

toolkit developed 

for all audiences 

One Health impacts  

of land use change 

toolkit developed  

for all audiences 

TABLE 5:  continued from page 47

continued…
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TARGET ACTUAL PROJECTED 

Sub-IR 2.3: Generated outreach activities and communication channels of resources to policy makers and civil society. 

Output 2.3.a:  

Scientific outreach and communication toolkits  

that translate research and modeling results for  

key stakeholders developed 

One Health impacts 

of land use change 

toolkit developed 

for all audiences; 

1 interactive web 

application to translate 

modeling created  

One Health impacts 

of land use change 

toolkit developed 

for all audiences; 

1 interactive web 

application to translate 

modeling created  

Output 2.3.b:  

Economic justification for promoting reduced  

impact of land utilization strengthened

Policy position 

paper summarizing 

social benefits due 

to reduction in land 

conversion developed

Policy position 

paper summarizing 

social benefits due 

to reduction in land 

conversion developed

Output 2.3.c:  

Program-generated, evidence-based analyses 

accessed and employed by stakeholders to  

promote reduced impact land utilization

Policy position paper 

jointly agreed upon for 

submission by SSHD 

and SWD 

Policy position paper 

jointly agreed upon for 

submission by SSHD 

and SWD to Chief 

Minister and Cabinet to 

inform policy guidelines

TABLE 5:  continued from page 48
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IR 1:  
Created quantitative models capturing 
gender sensitive EID- related health  
savings as a function of land-use.

Outcome indicator: 1.1 Number and percentage of 
DHRU’s  partners and stakeholders who are able to utilize 
the model in land use planning

SUB-IR 1.1: 
Gathered required data to run the quantitative model. 

Outputs: 1.1.a: Comprehensive literature review 
conducted; 1.1.b: Requisite datasets mapped, collected  
and validated

Output indicator: 1.1.a: Number of datasets acquired, 
cleaned and formatted

KEY ACTIVITY IR 1.1:  
Required data gathered to run the quantitative 
analysis

Activity 1.1.1:  
Meet with relevant partners to identify data availability

The IDEEAL team engaged with partners throughout 
the lifetime of the project to gain data for the modeling 
portion of the project. During Year 1 of the project, 
we met with key government, industry, and NGO, and 
academic partners from multiple sectors to gain an 
understanding of the existing publicly available data, private 
collected data, and data sharing and records processes (e.g. 
how disease surveillance works for different categories 
of diseases and how these records are aggregated 
and stored).  Broadly, we gathered information on 1) 
remote sense data (e.g., land cover data over different 
time periods), 2) demographic information (e.g., human 
population) and 3) human disease data (e.g. case counts) 
4) economic damages related to infectious diseases, and 5) 
economic benefits of development (e.g. profits from palm 
oil plantations). We also explored the scale and resolution 
of the available data in order determine the appropriate 
modeling methods. In later years of the project, we 

IDEEAL Project  
Activity Narrative 

STRATEGIC OBJECTIVE: 

To develop and provide  
quantitative models and build 
multisector partnerships around  
the economics of altered landscapes 
and infectious disease emergence  
so as to contribute to sustainable 
land-use decision-making.
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Activity 1.1.4:  
Obtain available economic parameter/indicator data

Data on economic parameters was obtained from several 
sources including literature reviews (e.g., ecosystems 
services), existing databases such as World Bank (https://
data.worldbank.org/), and private sources such as Sabah 
State Health Department or palm oil companies. Some 
parameters such as the total area dedicated to oil palm 
plantations or total area of intact forest in the study 
area was estimated by processing the remote sense data 
described above (Planned Activity 1.1.2). Annual costs 
related with health burden were estimated by using data 
provided by the local government combined with ground-
truthed data collected by visiting a regional hospital. We 
gathered data on a variety of indicators that contributed to 
the overall economic burden of the disease (e.g. treatment 
costs, control and prevention measures). Finally, data on 
benefits and costs of land development (e.g. palm oil price) 
was obtained from open databases (e.g., www.indexmundi.
com) as well from palm oil companies operating in the 
region (e.g., Wilmar and Sime Darby). A significant portion 
of time was dedicated to data cleaning for analysis, in a  
way that the data was easy to manipulate, analyze, use,  
and visualize. 

continued to meet with partners regarding data availability, 
both in the expansion regions and in the main project 
regions, allowing us to update the input variables and 
update our model accordingly (e.g. obtaining better 
estimates of oil palm yield per hectare).  

Activity 1.1.2: 
Obtain available temporal, geospatial data of land  
use/land-cover and disease data for the new area  
of the project

We gathered land use/land cover data for regions of 
interest that include natural and altered landscapes. 
Sources of data were: FAO, HYDE-IMAGE, GLOBIO3, 
European Space Agency, USGS, NASA, and Global Forest 
Watch, NOOA CPC (precipitation). These datasets are 
highly variable in spatial resolution, ranging from country 
level to 500 m of resolution (e.g., classified land cover 
MODIS-Terra) to approximately 50 km for precipitation 
data. We aggregated the data to the adequate resolution 
for analysis (downscaling process) taking into account 
the mechanistic processes that might be at play for 
malaria transmission.  Local institutions, such as Faculty 
of Forestry Kasetsart University, assisted in gathering 
regional geospatial at finer resolutions from relevant 
authorities (e.g. Department of National Parks). Likewise, 
industry partners provided information on plantations to 
inform and refine our current land cover data. We also 
obtained health case count and disease treatment data 
from government partners in Malaysia and Thailand and 
obtained relevant ethical approvals or exemptions for use 
of this de-identified data.  

Activity 1.1.3:  
Obtain available demographic and land planning data 
from relevant government sources and partners

Data on human demography was obtained from global  
and in-country databases. For example, WorldPop  
(www.worldpop.org) maintains a spatial database on 
human population distribution, including temporal data 
for five time-points between 2000 and 2020 at five-year 
intervals and was used a population data for most analyses. 
In addition, publicly available census data for Sarawak and 
Thailand was used for local modeling.   
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converting forest land at rate that only considers private 
profits and not social costs.

Activity 1.2.3:  
Develop an economic analysis to measure  
change in welfare from land use change

Our economic model studies the optimal allocation of 
a fixed amount of land between agricultural production 
(palm oil and rubber in this case) and intact forest. To 
determine this optimal allocation, we incorporate into 
the model, the value from agricultural production from 
the portion of land allocated to agriculture, the value of 
ecosystem services from the portion of land allocated 
to forest, the costs of converting land from forest to 
agriculture, and the health damages from the increased 
risk from the marginal reduction in forest allocation. 
After including all the costs and benefits into the model, 
and calculating the optimal allocation of agriculture and 
forest for each period, we compared the monetary net 
present value from a scenario with optimal amount of land 
conversion with the monetary net present value from 
a scenario with the existing amount of land conversion 
and future projections. We showed the loss/gain in social 
welfare from comparing these two scenarios for each of 
the chosen regions. Globally US$602 billion is lost when 
comparing the private versus the social optimal.  

Activity 1.2.4:  
Investigate incorporation of economic model  
into a total ecosystem services approach

The results generated from our economic valuation and 
modeling approach represent a significant addition to 
the state of the knowledge on the value of ecosystem’s 
services, particularly the disease regulation value. We 
calculated region specific ecosystem services values 
for carbon and incorporated total ecosystem services 
valuation from TEEB into our economic optimization 
model. By include disease regulation as a discrete 
ecosystem value (either for malaria or EIDs) we are able 
to compare the difference in the optimal amount of land 
converted between the private optimum, a traditional 
ecosystem services social optimum, and a social optimum 
including ecosystem services and disease regulation. This 

SUB-IR 1.2:  
Developed portfolio of modeling and analysis  
activities assessing EID spillover likelihood and  
cost as a function of land-use development.

Outputs: 1.2.a: Modeling methodology developed; 1.2.b: 
Model applicability to field conditions demonstrated

Output indicators: 1.2.a: Number of model test runs that 
facilitate validation to regional and local levels

KEY ACTIVITY IR 1.2:  
Portfolio of quantitative analyses assessing  
EID spillover likelihood and damages as a  
function of land use change

Activity 1.2.1:  
Estimate the incidence of diseases linked to  
land use change

Creating models for malaria incidence due to land use 
change was an iterative process. We generated generalized 
linear models, spatial models (simultaneous autoregressive 
models and conditional autoregressive models), and 
machine learning methods for 3 regions in Malaysia (Sabah, 
Sarawak, and Peninsular Malaysia) and Thailand. The final 
models combined machine learning random forest and 
spatial simultaneous autoregressive models to estimate 
incidence of disease in a given year associated with 
fragmentation and total area of land uses, such as crop 
irrigated and broad leaf evergreen forests.

Activity 1.2.2:  
Determine the damages from increased  
disease incidence due to land use change

The economic impact of a disease outbreak often extends 
beyond losses from morbidity and mortality to other 
damages like expenditures in prevention and control of 
new diseases. After the model calculated the optimal 
amount of land conversion for each period using the data 
collected, we calculated the total expected monetary 
damage from emerging infectious diseases globally and 
determined a total burden of $7.3 trillion US dollars from 
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Activity 1.2.7  
Document and validate the quantitative models at the 
regional and local level

Modeling linking land use change and malaria was 
statistically validated by randomly partition the data in 
two datasets. One subset was used to create the model 
(model training) and the other set was used to assess 
prediction success. In addition, machine learning algorithms 
(e.g. random forests) ran hundreds of simulations using 
different sets of independent variables to assess the 
relative importance of the predictor variables. We used a 
sensitivity analysis for all economic models, where the price 
per area of ecosystem services and the sum of all the costs 
related to malaria treatment, prevention and control were 
varied based on the range of values obtained from the 
scientific literature and field work.

allows for the incorporation of disease regulation into 
ecosystem services and the potential to include this in land 
planning decisions.  

Activity 1.2.5:  
Develop spatially explicit models

We created two primary types of spatial models: 1) spatial 
model(s) that link land use change and malaria incidence 
in the study regions and (discussed under 1.2.1) and 2) 
spatial model(s) that optimally select suitable areas for 
conservation and areas suitable for land development. 
Suitable areas for palm oil development in Sabah were 
modeled based on key landscape characteristics such as 
land cover, slope, current distribution of plantations (palm 
oil and other timber plantations), as well as accessibility. 
We then used these suitable habitat characteristics to 
develop a spatially explicit model to determine areas on 
the landscape with: 1) the highest potential conversion 
value; 2) high connectivity to other high conversion value 
land plots; and 3) locations that minimize natural habitat 
fragmentation.

Activity 1.2.6:  
Simulate economic scenarios for EID events and  
land-use change using available estimates in other 
geographic locations

Output of this modeling exercise will represent estimates 
of the economic impacts from land use related disease 
burden. In addition, our interactive web modeling app 
includes generalized scenarios to estimate the optimal 
amount of land conversion given different inputs and 
prices. These scenarios allow users to see how the 
difference between private and social optimal values 
change by adjusting: 1) palm oil prices and yield 2) disease 
cases and costs and 3) ecosystem service values, across 
a scale based on historical trends and values from study 
regions. This allows users from other areas to input 
appropriate values from their region and explore, in 
generalized terms, how these models might apply to land 
planning in those settings.  
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held by IDEEAL and hosted at the DHRU. In May 2017, 
trained facilitators from the DHRU (faculty and graduate 
students) traveled to Peninsular Malaysia to deliver to 
the Health and Land Use Change Toolkit to smallholder 
farmers. UMS, with support from the DHRU also hosted 
the Borneo Quality of Life Conference in January of 2018. 
The final IDEEAL seminar and workshop hosted by the 
DHRU in February 2019 included stakeholder attendees 
invited from the project expansion regions of Peninsular 
Malaysia and Thailand. To ensure the sustainability of 
the DHRU, it has moved under the established Borneo 
Medical Health Research Centre where it will continue 
to serve as a hub for multidisciplinary research. A 5-year 
plan for the BMHRC and the DRHU has been established 
which includes plans to grow the DHRU and secure 
additional funding.  

Activity 2.1.1:  
Expand the engagement of the Development and  
Health Research Unit (DHRU) at the Universiti  
Malaysia Sabah (UMS) 

We identified partners in Peninsular Malaysia and in 
Thailand to engage as additional academic partners for 
the IDEEAL project. The DHRU also invited and hosted 
stakeholder partners from expansion regions (Indonesia, 
Thailand, and Peninsular Malaysia) at its stakeholder 
meetings. DHRU helped to organize and facilitate the 
international Borneo Quality of Life conference focusing 
on economic development, health, and the environment, 
providing the DHRU regional and international exposure 
and connectivity to a network of scholarly institutions. 

Activity 2.1.2:  
Select local or regional graduate students  
for involvement

Three Masters’ students were selected and enrolled at 
UMS via the DHRU. At project completion, one student 
had completed their Masters’ project and the two 
remaining students are expected to complete theirs by 
September 2019.  

IR 2:  
Improved multi-channel availability of  
EID-focused quantitative resources  
amongst civil society advocates and 
government policy makers.

Outcome indicator: 2 Number of policy dialogues using 
evidences generated by the Project

SUB-IR 2.1:  
Established the DHRU for additional research,  
analysis and cross-disciplinary partnerships. 

Outputs: 2.1.a: Institution best suited to serve as a 
resource center identified; 2.1.b: Key channels and priority 
products for enhancing dissemination of model outputs 
and analyses identified; 2.1.c: DHRU established and 
functional

Output indicators: 2.1.a: Organizational capacity of the 
DHRU; 2.1.b: Number of graduate students trained;  
2.1.c: Number of scientific knowledge products (e.g., 
posters, presentations, manuscripts, and etc.) produced  
as a result of USAID-support

KEY ACTIVITY IR 2.1:  
Develop the DHRU from a unit to a Research  
Centre at UMS and into a regional center of 
excellence for additional research, analysis,  
and cross-disciplinary partnerships

The Development and Health Research Centre at the 
Universiti of Malaysia Sabah served as a central hub for 
many of IDEEAL’s activities in the region. Throughout the 
course of the project, the DHRU hosted 1 roundtable and 
9 stakeholder meetings attended by stakeholder groups 
from across government, NGO, industry, private sector, 
and academic. As a multi-departmental center, the DHRU 
was able to engage faculty from across disciplines who 
provided valuable insight on both modeling and outreach 
activities for IDEEAL. 156 faculty and students from UMS 
were trained as part of capacity strengthening activities 
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Activity 2.1.7:  
Produce course syllabi for short courses and seminars 

Course materials and activities and seminar content were 
shared with participants and core materials were made 
available online.  

Activity 2.1.8:  
Formally connect individuals from academia, private  
and public sector institutions in IDEEAL expansion 
regions to the DHRU 

We identified key academic partners in the IDEEAL 
expansion regions; however none were connected 
formally with the DHRU due to logistic, programmatic,  
and budgetary constraints.  

Activity 2.1.3:  
Develop and oversee student projects to  
promote use of spatial analysis, health outcome  
and economic models

DHRU Masters students were assigned UMS faculty 
advisors and EcoHealth Alliance/IDEEAL team co-
supervisors to develop research that includes the use of 
spatial analysis, health outcomes, and economic models. 
Upon completion of the student’s research, they are 
required to publicly disseminate his or her findings to 
stakeholders via oral presentation and publication in peer 
review journals.  

Activity 2.1.4:  
Identify stakeholders for participation in the DHRU

Throughout the project EHA sought to engage new local 
stakeholders in DHRU activities, from across sectors and 
geographic regions.  A complete list of IDEEAL project 
stakeholders can be access in Appendix 2.  

Activity 2.1.5:  
Hold stakeholder meetings to promote research 
exchange and public dissemination of materials  
and information

IDEEAL Stakeholder meetings were hosted at the DHRU 
on approximately a quarterly basis (Table 2). During the 
project expansion, stakeholders from Peninsular Malaysia 
were invited to attend DHRU stakeholder meetings and 
meetings were also held via FFKU in Thailand, expanding 
the research base for the project.   

Activity 2.1.6:  
Deliver workshops/seminars around IDEEAL themes  
to stakeholders 

Several workshops and seminars were hosted at the 
DHRU, included multi-day GIS trainings and Intro to R 
trainings, and several seminars on scientific writing and 
research. These activities were attended by both faculty 
and students at UMS as well as invited outside parties from 
local institutions and 156 individuals were reached over the 
course of these trainings.  
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as the economic model into the application for scenario 
building and evaluation. Additionally, health data and 
statistics gathered throughout the project, as well as the 
regional economic model were incorporated into other 
sections of the toolkit.  

Activity 2.2.3:  
Conduct training of facilitators and trainers for toolkit 

Facilitators from the IDEEAL team as well as local 
community-based organizations and the DHRU were 
trained in presenting the health impacts toolkit to various 
audiences to ensure that the toolkit is widely accessible 
to communities. Over a dozen toolkit facilitators were 
trained throughout the life of the project. In collaboration 
with PACOS, a local CBO, we held a facilitator’s and 
training of trainers session for several of their staff as well 
as identified community mobilizers, allowing the toolkit to 
be used in many local contexts. Two of these community 
mobilizers later presented the toolkit during outreach to 
villages in Sabah.  

Activity 2.2.4:  
Pilot test, review, and revise toolkit with target 
audiences

The developed health impacts of land-use change toolkit 
was pilot tested in Kampung Bilit and Kampong Sukau 
in Eastern Sabah with community members and village 
leaders there, with the specific intent of gaining feedback. 
Community members highlighted the usefulness of the 
toolkit, and interest in the novel topic, and provided 
tangible suggestions on updating the translation to make 
topics health less technical, and on how to frame some of 
the discussion topics. This valuable feedback allowed the 
IDEEAL team to create a more practical and useful version 
of the toolkit, which was then rolled out more widely.  

Activity 2.2.5:  
Disseminate health impacts toolkit to policy makers, 
industry and private partners, local partners and 
stakeholders, direct beneficiaries, and the general public

A toolkit dissemination strategy was developed prior to 
toolkit rollout and incorporated lessons learned from 
past work in the region as well as toolkit and outreach 
conducted in other contexts. A multi-year iterative plan 

SUB-IR 2.2:  
Developed toolkit for communicating the health 
impacts of differing land-use options. 

Outputs: 2.2.a: Gender-sensitive health impact toolkits for 
promoting best practice approaches and translate project 
findings to ensure gender equality benefits developed

The IDEEAL Health Impacts of Land Use Change Toolkit 
and complementary Interactive Web Application were 
developed with close input of community members 
and local stakeholders. The Health Impacts of Land Use 
Change Toolkit was translated into Bahasa Malay (from the 
original English) and designed specifically to be relatable in 
the local context. It was pilot tested in rural communities, 
ensuring the toolkits are comprehensible and relevant 
to diverse audiences, and underwent several sessions 
of toolkit development and stakeholder feedback. 702  
individuals  from over 52 communities were reached with 
the IDEEAL Health Impacts of Land Use Change Toolkit 
and 15 local facilitators were trained with the goal of 
ensuring the sustainability of the toolkit.  

Activity 2.2.1:  
Liaise with the DEEP FOREST Human Contact  
project (DFHC) to inform toolkit development  
and dissemination strategies

The DFHC team was engaged in the toolkit development 
and dissemination process. Demographic data from the 
DFHC project was considering in designing the toolkit 
for different audiences and lessons learned from DFHC 
research were applied in engaging with communities for 
toolkit dissemination. Communities near where DFHC 
surveys were conducted were engaged to pilot test the 
toolkit, since they were familiar with some members of the 
research team.  

Activity 2.2.1:  
Integrate findings from quantitative models  
and additional data

A key component of the final toolkit of IDEEAL products 
is the Interactive Web Application which directly 
incorporates data collected throughout the project as well 
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language, terminology, and images are understood by various 
audiences. We also worked with partners in Thailand on the 
best way to present information on the project and shared 
the English version of the toolkit with them.   

Activity 2.2.8:  
Develop technical economic modeling tools/toolkit for 
stakeholders 

The finalized economic model was generalized and 
developed into an online web application via an interactive 
application programming interface (API). This tool, which 
is available online via: ideal.eha.io, allows policy makers 
and industry partners to explore the impact of different 
parameters and test different scenarios by changing 
input values on the model output by changing them and 
visualizing the results. This tool, along with the toolkit, 
explains the model and result interpretations in detail and 
allows these results to be tested over different potential 
valuations of ecosystem services or disease impact. As a 
part of this development, we will conduct trainings on how 
to use this tool and how to incorporate it into planning 
decisions. This interactive tool is designed to be used 
alongside the toolkit to give participants core background 
knowledge on health and land use concepts and this apply 
this via interactive economic modeling. 

Activity 2.2.9:  
Introduce web-based toolkit version designed for 
broader audiences to stakeholders

The Interactive Web Modeling App is publicly available 
online and includes detailed instructions on how to use the 
web tool for different scenarios. Additionally, two targeted 
and in-depth trainings on this application were held, one in 
Sabah, Malaysia and one in Bangkok, Thailand, attended by 
74 and 30 participants respectively. Participants included 
students, academic faculty, and government employees 
from various sectors. This training covered the modeling 
framework one which the application was built, detailed 
guidance on the data inputs for the model and how to use 
them or include other external data, information on the 
various ways the model can be applied practically to policy, 
land planning, and development decision-making, and 
hands-on tutorials and exercises to test these concepts.  

for toolkit development, dissemination, feedback and 
revision was created. Following pilot testing, community 
leaders and mobilizers from 52 villages across Malaysia 
were trained on the toolkit and given the resources to 
present the toolkit in their communities. The toolkit was 
also presented to industry representatives attending 
RSPO and to IDEEAL stakeholders, including government 
representatives, via stakeholder meetings. During the 
project extension trained facilitators from Sabah and 
IDEEAL team staff further disseminated the toolkit in 
Peninsular Malaysia to students studying agricultural 
business and smallholder farmers in Johor. The English 
version of the toolkit was also shared with Thai colleagues. 
This dissemination strategy hopefully led to enhanced 
the scientific knowledge base around ecosystem services 
valuation of benefits derived from intact ecosystems, 
especially with regard to disease risk assessment and policy 
linkages. The IDEEAL team also worked to publicize the 
creation of the toolkit at various meetings and conferences 
to increase awareness about this resource.  Over the 
course of the project the Health Impacts of Land Use 
Toolkit was shared with 702 individuals.

Activity 2.2.6:  
Evaluate toolkit rollout and update toolkit content and 
dissemination strategies based on results

We continuously evaluated toolkit dissemination and 
collected feedback about its content from various 
stakeholder groups. Throughout the project updates to 
images, language, content, and organization were made 
based on feedback both formal and informal from the 
project rollout. For example, in an activity, the use of wild 
boar as an example animal was discontinued with some 
audiences due to cultural sensitivities. This feedback also 
allowed the developed facilitator guide to be updated 
with recommendations on adaptations to the toolkit for 
different audiences. 

Activity 2.2.7:  
Adapt toolkit for use in Peninsular Malaysia and 
continue outreach in expansion areas  

The health impacts of land-use change toolkit was updated 
to be culturally relevant in Peninsular Malaysia by ensuring 
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Activity 2.3.1:  
Establish regular meetings, including quarterly 
stakeholder roundtables for public dissemination 
of materials and information to government, local 
communities and industry 

Via the DHRU and other partners in Peninsular Malaysia 
and Thailand, the IDEEAL team held regular stakeholder 
meetings (TABLE 2) to engage key partners and share the 
latest modeling and policy updates. Additionally, the DCoP 
and other Malaysia-based staff met regularly individually or 
in small groups with other key partners to share specific 
information. Additionally, the IDEEAL team attended 
RSPO twice to better engage industry partners in a 
familiar forum and set up community meetings in Sabah via 
engagement with PACOS a community-based organization. 
The DHRU also has a specific website which highlights its 
goals and key outputs from the IDEEAL project. During 
the expansion we engaged new stakeholders in expanded 
regions and sought to engage them in the DHRU and 
existing IDEEAL networks via these stakeholder meetings.  

Activity 2.3.2:  
Design and deliver short-term training programs  
(in person and/or online) to address immediate needs  
of existing professionals to increase their knowledge 
and capacity in the area of land use change

Several workshops and seminars were hosted at the 
DHRU, included multi-day GIS trainings and Intro to 
R trainings, and several seminars on scientific writing 
and research (see activity 2.1.6). In addition, capacity 
building trainings and seminars were held in Thailand at 
FFKU. These seminars covered grant writing, knowledge 
translation, and peer-reviewed publication and the training 
included economic cost-benefit analysis and tutorials on 
implementing IDEEAL modeling tools. 30 participants 
from academia and government attended these Thailand 
trainings, in addition to the more than 152 participants 
reached via DHRU training activities.  

SUB-IR 2.3:  
Generated outreach activities and communication 
channels of resources to policy makers and  
civil society. 

Outputs: 2.3.a: Scientific outreach and communication 
toolkits that translate research and modeling results for key 
stakeholders developed; 2.3.b: Economic justification for 
promoting reduced impact of land utilization strengthened; 
2.3.c: Program-generated, evidence-based analyses 
accessed and employed by stakeholders to promote 
reduced impact land utilization

KEY ACTIVITY IR 2.3:  
Develop outreach and communications translating 
quantitative resources to policy makers and civil 
society advocates

The IDEEAL team worked closely with the DHRU 
and internal EcoHealth Alliance communications team 
members to develop communications toolkits and 
strategies for disseminating scientific findings from this 
project to policy makers and key partners in industry, 
government and the public. The aim of these strategies 
is to translate IDEEAL’s scientific analyses into actionable 
policies and practices for decision makers so that they can 
more formally integrate infectious disease and economic 
considerations into land use planning and decision-making. 
A key part of this strategy was the development of 
IDEEAL modeling concepts into a Position Paper for the 
Sabah government and briefing notes which have been 
accepted for joint presentation by SWD an SSHD and will 
be presented to the Chief Minister and Cabinet in Sabah. 
This Position Paper includes figures on the economic cost 
of land use change in Sabah and recommendations for cost 
savings if ecosystem services and disease regulation are 
incorporated into development decisions.  
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Advice (SBSTTA) of the Convention on Biological Diversity 
and the Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES). The impact 
of land use change on human health was included in the 
IPBES – Regional assessment report on biodiversity and 
ecosystem services for the Americas and highlighted in 
a separate document for policy makers (see publications 
FF and GG). These presentations and activities allowed 
IDEEAL to increase its visibility as a research project and 
tool for policy change.  

Planned Activity 2.3.3:  
Support website with new content and by  
expanding links to new stakeholders

The DHRU website is live as a page on the UMS website 
and the IDEEAL project page on the EcoHealth Alliance 
website (https://www.ecohealthalliance.org/program/
ideeal) has been updated with new content throughout 
and features a video summarizing the project, project 
outputs, downloadable fact sheets, and a link to the 
interactive web application. This program page will remain 
active and live for a least one year following project 
completion (the interactive web application will be 
available for at least 3 years).  

Activity 2.3.4:  
Conduct workshops for relevant local government  
staff in use of toolkits and other outreach materials

Courses in use of toolkits and other outreach materials 
were conducted at DHRU, via joint trainings with  
PACOS, and with partners in Peninsular Malaysia  
(see Activity 2.2.3). This toolkit was also presented  
to industry stakeholders attending RSPO.

Activity 2.3.5:  
Evaluate stakeholder awareness of issues of  
land use change, risk of disease emergence, and  
gender implications

The IDEEAL baseline survey was used as feedback to 
evaluate knowledge and perceptions around land use and 
disease risk. These findings were informally combined with 
feedback from toolkit information sessions and stakeholder 
input to evaluate these perceptions. 

Activity 2.3.6: Develop communications with 
stakeholders based in the Americas, Europe, Asia,  
and Australia

The IDEEAL team based in NYC as well as the DCoP 
regularly communicated with international stakeholders 
through presentations at local and international scientific 
conferences (e.g. IOHC, CBD), industry meetings (e.g. 
RSPO) as well as high-level policy meetings such as the 
Subsidiary Body on Scientific, Technical and Technological 
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PROJECT MILESTONES 

OCTOBER 2013: Held an initial informational meeting 
to understand stakeholder landscape, identify interested 
parties and discuss project deliverables. 

DECEMBER 2013: 1st Stakeholder Meeting - Project 
Chief of Party and Deputy Chief of Party met with 
USAID-RDMA and project stakeholders in Kota Kinabalu; 
established need and direction for communication strategy.

JANUARY 2014: Created a webpage for the project 
on the EHA website: https://www.ecohealthalliance.
org/program/ideeal. Planned community awareness and 
project promotion campaign. Also created a brand identity 
for the project. 

FEBRUARY 2014: Stakeholder introductory workshop 
held. Stakeholders identified; briefed on project goals; 
invited to participate and give input on project; and 
asked about attitudes and awareness around land use 
issues. Stakeholders will identify their areas of expertise 
and potential resources they could contribute to the 
project. Established regular meetings, including quarterly 
roundtables at UMS for stakeholders’ use for dissemination 
of project materials and stakeholder input.  

MAY 2014: Finalized pilot economic model with 
economic and ecological data from Brazil.

JUNE 2014: Initial meeting with Malaysia Palm Oil 
Council.  

JULY 2014: 2nd IDEEAL Stakeholder Meeting - Met 
with policy makers and key industry partners to discuss the 
relevance of EID threats to certain policies and programs. 

AUGUST 2014: DCoP presented PREDICT and 
IDEEAL projects at the MPOC International Palm Oil 
Sustainability Conference, which was followed by an article 
in the Star newspaper on the 29th of September detailing 
the progress and importance of both the PREDICT and 
IDEEAL projects.

SEPTEMBER 2014: 4th Roundtable - Evaluated results 
of communication strategy for Year 1 using community 
surveys, analysis of social media, etc.

OCTOBER 2014: DCoP had first meeting with Deputy 
Director General from SFD to discuss IDEEAL.

NOVEMBER 2014: DCoP formally introduced to 
the Director from SFD, and further discussed IDEEAL. 
DCoP working towards establishing relationship with 
industry stakeholders Wilmar and Sime Darby. DCoP 
met Chairman of UMS Board of Directors confirming his 
support for DHRU at UMS. DCoP presents on IDEEAL 
and PREDICT projects to the UN Special Rapporteur.

DECEMBER 2014: DVC confirms that the DHRU 
had been approved and would be housed within the 
EcoCampus, an existing Center at UMS.  Dr. Sarma from 
the FBE would remain as the DRHU lead. Participants 
were presented the IDEEAL model in detail, using data 
from Sabah. DVS Sabah attended meeting for first time. 

DECEMBER 2014: M&E Plan approved. Y2 Work 
Plan submitted and approved. Obtained landcover and 
deforestation dataset used by David Gaveau for his paper 
‘Four Decades of Forest Persistence, Clearance and 
Logging on Borneo.’ 

JANUARY 2015: UMS Legal Department provided 
copy of MOU for EHA review. 

FEBRUARY 2015: Identified first potential graduate 
students with the DHRU. 

MARCH 2015: Completed preliminary analysis of subset 
of DFHC data; UMS approved of MOU with EHA.

MAY 2015: MOU between UMS and EHA signed. 
Fourth IDEEAL Stakeholder Meeting. The Malaysian Palm 
Oil Council sent a representative to the meeting for the 
first time and the Director of PACOS Trust was also in 
attendance. First meeting held with Research Fellows 
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FEBRUARY 2016: Toolkit presentation to management 
from IOI Group, Morisem, Sepagaya Estate and Genting 
Plantation attended by 7 people. Toolkit presentation in 
Suan Lamba Genting Plantation attended by 83 workers.

Community Workshop and Toolkit Training Session with 
PACOS: Introduced toolkit to key representatives and 
leaders from several communities and began training and 
identifying key persons to receive additional training as 
toolkit facilitators. 

R Workshop: Introductory R Workshop held at UMS with 
student and faculty as well as key stakeholder participants. 

Met with Deputy Director of Sabah Forestry Department 
to discuss findings from IDEEAL modeling. Met with senior 
staff (including Director and both Deputy Directors), 
at Sabah Wildlife Department to present findings from 
Human Animal Contact Survey, PREDICT disease 
screening and the IDEEAL model. 

MARCH 2016: Met with Director and other senior staff 
from Sabah State Health Department including Director of 
their Centre for Disease Control, to present findings the 
IDEEAL model. Met with Datuk Ginun Yangus Permanent 
Secretary Ministry of Tourism, Culture and Environment to 
present IDEEAL model. Interviewed by RTM for IDEEAL 
and PREDICT work. 

DCoP met with YB Datuk Seri Panglima Masidi Manjun, 
Minister of Tourism, Culture and Environment, to present 
IDEEAL model. Datuk Masidi to support a Position Paper 
to be presented to the Sabah Cabinet and to arrange a 
time to meet with Chief Minister of Sabah Datuk Seri 
Panglima Musa Haji Aman to present the model. 

APRIL 2016: Interviewed by RTM for IDEEAL and 
PREDICT work. Presented talk on IDEEAL and DEEP 
FOREST work at One Health Workforce “Emerging and 
Zoonotic Disease Colloquium” in Kuching. IDEEAL SCL 
and other IDEEAL staff from EHA met with Johnson & 
Johnson VP of Sustainability, and presented IDEEAL and 
discussed future support and expansion of the program 
(proposal was invited and submitted by EHA).

JUNE 2016: EHA submitted a proposal to the 
Environmental Protection Agency for three years of 

of DHRU to develop a 16-month plan for seminars, 
workshops, and toolkit development through the DHRU. 
CoP, DCoP, and SM met with Dr. William Gotulis, Deputy 
Director, Department of State Health Sabah to discuss the 
IDEEAL project and data still needed. 

First DHRU conference “Links between Land Change, 
Development and Health” held at UMS. 101 attendees 
included staff and faculty from UMS, government, industry, 
and NGO stakeholders involved in the IDEEAL project.

JUNE 2015: IDEEAL invited to present to PACOS 
community leader meeting on the IDEEAL project. There 
were 62 Orang Asli participants from 37 communities.

JULY 2015: All spatial land cover datasets needed for 
modeling obtained. DCoP met with new acting Director 
General DVS and new Director of the Veterinary 
Research Institute and discussed the IDEEAL project. 

AUGUST 2015: Toolkit Development meeting held 
with stakeholders in Malaysia.

SEPTEMBER 2015: Toolkit pilot tested with 
communities of Sukau and Bilit in Kinabatangan District.

OCTOBER 2015: 5th Stakeholder Meeting held in 
Malaysia. Final selection of three students for DHRU. First 
Industry Outreach meeting held in KL.

NOVEMBER 2015: Attended RSPO Annual Meeting in 
KL and displayed booth in the exhibition hall. Conducted 
first toolkit facilitator training for IDEEAL team members. 
Received preliminary agreement from Wilmar to allow 
sampling in plantation areas.

DECEMBER 2015: DCoP briefed Vicki Treadell, British 
High Commissioner, and Matthew Deith, Political and 
Economic Counsellor, from the British High Commission 
on details of the PREDICT and IDEEAL work in Sabah. 
Presented two talks related to IDEEAL work at the 
International Symposium on Biodiversity, Agriculture, 
Environment and Forestry in Ooty, India.

JANUARY 2016: Toolkit presentation to community 
of Bilit attended by 39 people. Toolkit presentation to 
community of Sukau attended by 27 people.
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Health Conference in Melbourne, Australia. DCoP gave a 
talk on IDEEAL: “Analyzing the health value of a tropical 
forest - New strategies to mitigate pandemic prevention.”

JANUARY 2017: P&G agreed to use DHRU Research 
Fellows to present Toolkit at a workshop in May 2017, 
a key performance indicator in the DHRU’s process to 
becoming an official Center. 

FEBRUARY 2017: Presented IDEEAL work to 
MPOB, P&G, and Proforest, including Dr. Lee from P&G 
Environmental Stewardship and Sustainability program and 
Mr. Surin Suksuwan, Southeast Asia Regional Director for 
Proforest.

DCoP attended International Workshop on Proboscis 
Monkey Conservation in Sabah. Discussed IDEEAL work 
with CEO of Yayasan Sime Darby, and held follow-up 
discussions with Yayasan Sabah and Sarawak Forestry 
Corporation.

MARCH 2017: First meetings held in Bangkok, Thailand 
to discuss expansion of IDEEAL work with DNPWPC and 
BoE DDC MPH.

APRIL 2017: DCoP met with new US Ambassador to 
Malaysia, Ms. Kamala Shirin Lakhdhir; Mr. Todd Hannah 
Environment, Science and Technology Officer; Ms. Sona 
Ramesh, Economic Officer; and Mr. Frank Whitaker, Public 
Affairs Officer, and had a lengthy discussion regarding 
IDEEAL work.

MAY 2017: EHA Field Manager, Community Engagement 
Coordinator and Spatial Modeler presented toolkit to 24 
smallholder oil palm farmers in Kampung Sungai Jambi, 
Johor, Malaysia. As part of this presentation, two trained 
facilitators from the DHRU presented the toolkit to the 
smallholders with assistance from EcoHealth Alliance staff. 
This is one of the deliverables for the DHRU and will assist 
in its establishment as a Center. 

Community Engagement Coordinator gave a talk, 
“Analyzing the health value of a tropical forest – New 
strategies to mitigate pandemic potential” at Yayasan Sime 
Darby’s Environment Day. IDEEAL team presented toolkit 
activities to 3 teachers and 15 children. 

support for IDEEAL to expand activities to Western 
Malaysia and include haze events in health analysis. EHA 
submitted a proposal to Johnson & Johnson (J&J) for over 3 
years for work toward policy change in Malaysia as part of 
J&J’s sustainability objectives. This would include expansion 
of IDEEAL to Peninsular Malaysia.

JULY 2016: CoP signed a contract to fund 3 Masters’ 
students through the DHRU and conducted media 
interviews. CoP and SCL met with Managing Director of 
Rockefeller Foundation to discuss long-term support for 
IDEEAL activities.

AUGUST 2016: Introductory R Workshop held at 
UMS with student and faculty, as well as key stakeholder 
participants. Toolkit facilitators’ training took place in 
partnership with PACOS and toolkit was presented at a 
community meeting in Sabah village. Three DHRU student 
abstracts were accepted for presentation at the One 
Health Eco Health Conference in Melbourne, Australia in 
December 2016. 

OCTOBER 2016: Submitted an abstract to organize a 
side event for the Conference of the Parties - Convention 
on Biological Diversity to be held in Mexico in December 
2016.

NOVEMBER 2016: Attended RSPO for second time 
and engaged with industry representatives and NGOs.  

DECEMBER 2016: Participated in the symposium: 
Linking Public Health and Ecosystem Management: a 
One Health Approach at the Conference of the Parties - 
Convention on Biological Diversity (CBD - COP13). This 
symposium was highlighted by the Rio Conventions Pavilion 
Bulletin, Vol. 200, No. 35. http://enb.iisd.org/download/pdf/
sd/enbplus200num35e.pdf

Two of the DHRU Masters’ students presented their 
posters: “Zoonotic Viruses Surveillance for the Confiscated 
Pangolins in Malaysia” and “Soil - Transmitted Helminths 
Among Rural Indigenous Children in Kota Marudu, Sabah,” 
and IDEEAL team member presented poster “Assessing 
viral diversity in non-human primates and bats of 
Peninsular and Bornean Malaysia” at the One Health Eco 
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DECEMBER 2017: Spatial Modeler, Economist, and 
Community Engagement Coordinator led an Introduction 
to Geographic Information Systems (GIS) and Mapping 
workshop at UMS, organized by the DHRU. DHRU 
website finalized with input from all partners, and is now 
live at this link: http://www.ums.edu.my/dhru/en.

A roundtable meeting on Developing A Blueprint For  
Land Use Change In Sabah was held and it was attended 
by 20 people. 

JANUARY 2018: Team members attended and 
presented at the Borneo Quality of Life Conference. 

FEBRUARY 2018: DCoP presented poster “Analyzing 
the importance of land conversion as a driver of disease 
emergence in tropical forests” at PMAC.

MARCH 2018: Senior Modeler attended and 
participated in a plenary session at the 6th Plenary of the 
Intergovernmental Science-Policy Platform on Biodiversity 
and Ecosystem Services (IPBES) in Medellin, Colombia.

APRIL 2018: DCoP continued discussions with Sime 
Darby on the Position Paper, progress, and next steps.

MAY 2018: IDEEAL no-cost extension through 
November 30th granted. Ethical approval (IRB) received 
for Thailand malaria data.

JUNE 2018: DHRU student Amy Lim completes her 
viva. International One Health Congress in Saskatoon, 
Canada: Community Outreach Coordinator gave a talk on 
‘IDEEAL modeling and outputs;’ DHRU student presented 
poster on his Master’s thesis work.  

JULY 2018: Contract with Dr. Prateep at FFKU signed. 
Prof. Kamruddin agrees to move the DHRU under 
BMHRC, ensuring long-term sustainability of the DHRU.

AUGUST 2018: DCoP received oil palm and rubber 
price data from Dr. Prateep.  8th IDEEAL Stakeholder 
Meeting held at FMHS. CoP gave a talk at FMHS UMS, 
“Ebola, Nipah, Disease X, and the new global strategy to 
fight emerging diseases.”

DCoP gave a talk “Promoting One Health and 
Conservation through Zoonotic Disease Surveillance: The 
PREDICT and IDEEAL Projects in Malaysia” at the  
3rd Borneo Tropical Medicine and Infectious Disease 
Congress 2017.  

JUNE 2017: Wilmar asked IDEEAL to prepare land 
optimization proposal for Nigeria which will be a focus of 
Wilmar palm oil expansion for next 10-20 years. DCoP 
attended the first official Palm Oil & NGO (PONGO 
Alliance) meeting. DCoP met with Dr. Simon Lord, Group 
Chief Sustainability Officer for Sime Darby to discuss 
land evaluation we are planning with Wilmar. Sime Darby 
may be able to assist in obtaining IDEEAL data for Sabah 
and Peninsular Malaysia. Dr. Helen was confirmed as the 
new official Head of the DHRU. Potential study areas for 
Thailand were researched and selected.  

JULY 2017: Estimated country-specific ecosystem 
services value for areas in the current IDEEAL study 
region.

AUGUST 2017: Meetings in Kuala Lumpur with Sime 
Darby to obtain detailed cost and oil palm production data 
for Sabah. Met with P&G to discuss potential sources of 
data acquisition. 

SEPTEMBER 2017: Meetings in Thailand with Ministry 
of Health, Kasetsart University Faculty of Forestry, 
Department of National Parks, and MORU on potential 
data sources and possible areas for collaboration on 
research projects.

IDEEAL team met with Dr. Katherine Lee in New York 
to discuss future steps for modeling and publications on 
IDEEAL project. A road map was outlined on how to apply 
the IDEEAL model on a global scale.

7th IDEEAL Stakeholder Meeting held at FMHS. CoP 
gave a talk briefly on IDEEAL Project and DCoP gave a 
presentation on “Emerging Diseases and Zoonoses”. 

NOVEMBER 2017: Drafted MOU with MORU. Data 
access meetings for Thailand expansion modeling were 
successful.  
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Research Fellow and will be involved with DHRU activities. 
DCoP met with Head of BMHRC to discuss collaboration 
between BMHRC, DHRU, SSHD and KKPHL. Also 
discussed plans for February 2019 IDEEAL training and 
stakeholder meeting.

DECEMBER 2018: MORU provided malaria case data 
including number of malaria cases by species and province, 
per year, for entire country, and number of malaria cases 
by species and subdistrict, per year, for Surat Thani and 
Krabi from 2012-2017. Bureau of Vector-Borne Diseases, 
Department of Diseases Control, Ministry of Public 
Health, Thailand provided malaria cost data.

DCoP met with Dr. Prayuth and Suravadee from MoPHT 
to evaluate malaria cost data and discuss plans February 
training and meeting. DCoP met with Dr. Prateep and 
team to address final issues with land use data and plans 
for February training and meeting. DCoP met with RDMA 
to discuss plans for last 3 months of project, Thailand data, 
Thailand meeting and training, and project closeout. 

Director of SSHD returned Position Paper to DCoP  
with list of edits and questions. DCoP edited and 
addressed questions, and returned Position Paper  
to Director of SSHD.

JANUARY 2019: Director of SSHD approved final 
version of Positon Paper. DCoP met with Deputy Director 
of SWD to discuss next steps for Position Paper now 
that it has been approved by SSHD. DCoP and Deputy 
Director SWD to meet with Permanent Secretary 
Ministry of Tourism, Culture and Environment Sabah on 
February 15th to discuss Position Paper.

DCoP met with Quek Yew Aun, Officer from Biodiversity 
and Forestry Management, Division of the Ministry of 
Water, Land and Natural Resources, to discuss the IDEEAL 
work and how the project results could be useful to the 
Ministry as they try to strengthen forest protection and 
improve connectivity in the Central Forest Spine on 
Peninsular Malaysia. Yew Aun requested the DCoP meet 
with YBhg. Dato’ Wan Mazlan bin Wan Mahmood, Under 
Secretary, Biodiversity and Forestry Management Division 
of the Ministry of Water, Land and Natural Resources, to 
discuss the IDEEAL work further. 

SEPTEMBER 2018: Mei Ho Lee presented IDEEAL, 
PREDICT, and DTRA work in Malaysia at the 10th Danau 
Girang Field Centre Science Seminar, Kota Kinabalu, Sabah. 
Economic Modeling Workshop was held at Faculty of 
Forestry, Kasetsart University, Bangkok, Thailand.

OCTOBER 2018: Sonia Dattaray presented ‘InVEST 
modeling for South East Asia’ in a poster presentation 
at the American Museum of Natural History’s Student 
Conference on Conservation Science in New York. 

NOVEMBER 2018: Bureau of Vector-Borne Diseases, 
Department of Diseases Control, Ministry of Public 
Health, Thailand informed MORU that malaria case data 
can now be shared following in-country ethical approval. 

DCoP met with Director of SSHD to discuss Position 
Paper. Director of SSHD suggested including all agencies 
that Paper is relevant to in the summary, and confirmed 
that fines for violating disease control regulations are 
covered under Section 13(1) of the Destruction of 
Disease -- Bearing Insects Act 1975. Director of SSHD 
suggested that a good way to improve industry practices 
and regulations to reduce health-associated costs to 
communities would be by extending and enforcing Act 446 
Workers Minimum Standards of Housing and Amenities 
Act 1990 throughout Malaysia, not just for Peninsular. This 
requires companies whose economic activity may increase 
the risk of infectious diseases to provide health facilities 
in areas where they plan to operate to help deal with this 
increased risk to their workers and the local population; 
will ensure that these companies take preventive 
measures such as providing treated bed nets and screens 
on windows of staff housing. DCoP meets with Deputy 
Director of SWD to discuss SSHD edits to Position Paper. 
SWD is happy with the suggested changes and DCoP will 
make edits to Position Paper. DCoP sent revised Position 
Paper to Deputy Director SWD and Director SSHD.

DCoP and FAO Regional BioSafety Coordinator met with 
Head of BMHRC to finalize work plan for BMHRC and 
DHRU for next 5 years.  DCoP met with Head of DHRU 
to discuss February 2019 training and meeting plans. Head 
of DHRU is happy with all plans and for Head of BMHRC 
to become Head of DHRU. Dr. Lasimbang will remain as a 



Page 66  |  Project Milestones

IDEEAL interactive web application (ShinyApp) was 
updated and hosted on the web. This interactive tool now 
includes scenarios for different regions in Southeast Asia 
and updated descriptions and outputs and a more user-
friendly design. The application can be accessed at: http://
ideeal.eha.io/. 

DCoP met with YBhg. Dato’ Wan Mazlan bin Wan 
Mahmood, Undersecretary of the Ministry of Water, Land 
and Natural Resources of the Biodiversity and Forestry 
Management Division the to discuss the IDEEAL work. 
YBhg. Dato’ Wan Mazlan bin Wan Mahmood asked DCoP 
to keep them informed on progress with Position Paper 
in Sabah. He also offered to organize a meeting at the 
Ministry for all government departments involved in land 
use change after the Position Paper has been presented 
to ensure IDEEAL findings are shared with relevant 
departments.

DCoP and Deputy Director SWD met with Permanent 
Secretary Ministry of Tourism, Culture and Environment 
Sabah, William Baya to discuss the IDEEAL project and the 
Position Paper. Secretary Baya agreed that the IDEEAL 
work is important and the Position Paper should be 
presented to the Cabinet. DCoP discussed use of IDEEAL 
modeling with Associate Prof. Richard Maude, Head of 
Epidemiology at MORU, to assist with the malaria policy 
project funded by the Bill & Melinda Gates Foundation 
which aims to eliminate malaria in the Asia Pacific region by 
2030.

Held Ninth IDEEAL stakeholder meeting to update 
all partners on the progress that has been made with 
the model, the Position Paper, and the Development 
and Health Research Unit. IDEEAL seminars included 
Surveillance of Zoonotic Viruses and Population 
Genetics of Confiscated Sunda Pangolins from 
Malaysia; Preview of IDEEAL Issue Eco Health Journal 
Issue; Ecosystem Service Valuations South East Asia; 
The Global Cost of Land Use Change and Emerging 
Pandemics; The IDEEAL Model; and The IDEEAL 
Interactive Web Modeling App presented by Jimmy 
Lee (DHRU Student); Dr. Hume Field (DHRU Student 
Supervisor); Allison White (Community and Stakeholder 

DCoP met with the Head of DHRU to update on 
plans for February meetings and training, the DHRU/
BMHRC merger and to discuss the progress of the two 
remaining Masters’ students. DCoP met with Masters’ 
students Alice Mathew and Jimmy Lee to discuss their 
progress and timelines for completing their studies. Both 
will be completed by September 2019. DCoP met with 
Head of BMHRC to discuss plans for the 9th IDEEAL 
Stakeholder Meeting scheduled for February 18th, the 
IDEEAL seminars on February 19th, and the GIS training 
on February 20th and 21st. Prof. Kamruddin informed 
DCoP that the approval for moving the DHRU under 
the BMHRC is progressing; awaiting final approval from 
Deputy VC of UMS.

DCoP met with Prof. Marc Mendelson and Britta 
Lassmann to discuss the ICID meeting to be held in 
KL in Feb 2020. They were very interested in the 
IDEEAL work and were agreeable to the idea of an 
IDEEAL symposium at the conference. They also 
thought it would be a great opportunity to run an 
IDEEAL workshop showcasing the model as it would 
be a good draw for international participants.

DCoP spoke with Dr. Prateep to finalize plans for 
Thailand meetings and training at Kasetsart University. 
IDEEAL seminars will be held February 26th, in 
addition to two days of training on 27th and 28th 
covering the IDDEAL model, in addition to approaches 
on how to communicate and fund research. 

FEBRUARY 2019: Completed modeling to determine 
the drivers of malaria incidence for Thailand, Peninsular 
Malaysia and Sarawak, Malaysia.

Generated yearly malaria risk models using machine-
learning methods of ecological factors including land use 
land change, demographic, disease and climatic metrics for 
Sarawak, Malaysia, Peninsular Malaysia and Thailand. 

Developed a global economic model to estimate the  
losses from potential emerging infectious diseases  
due to excessive forest land conversion.

Drafted Global Economic Model manuscript for 
publication in 2019.
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MORU, TRC-EID Chulalongkorn University, Faculty of 
Forestry KU, Mahasarakham University, and Sukhothai 
Thammathirat Open University.

Project continuation 

MARCH 2019: DCoP and Director of SWD met with 
Datuk Christina Liew, Minister of Tourism, Culture and 
Environment who is also Deputy Chief Minister of Sabah 
Y.B. DCoP briefed Minister Liew on IDEEAL work, project 
findings, and the aim of the Position Paper. SWD will 
work with the Permanent Secretary to finalize details and 
prepare Malay summary to be presented with Position 
Paper to the Cabinet. Date for presenting Position Paper 
to Sabah Cabinet to be confirmed.

APRIL 2019: CoP, DCoP and Richard Maude, Head 
of Epidemiology at MORU, held call to further discuss 
using the IDEEAL modeling to assist with the malaria 
policy project working across Thailand, Laos, Cambodia, 
Myanmar and Vietnam. It was agreed that Thailand 
results will be shared, and model may be refined with 
new data sets or with data from other countries in the 
region to help with this effort. IDEEAL team members 
travelled to Monrovia, Liberia for initial scoping visit 
for EcoHealth Alliance’s Forest Health Futures, Liberia 
project. The project will formally launch in June, and seeks 
to apply an economic framework incorporating health 
and ecosystem services into land planning in Liberia.  

MAY 2019: DCoP met with new Deputy VC of Research 
and Innovation at UMS, Associate Prof. TS Dr. Ramzah 
Dambul. Dr. Ramzah informed DCoP, Head of BMHRC, 
and Head of DHRU that the DHRU move to become part 
of the BMHRC has been approved, ensuring continuity of 
the DHRU. The Head of BMHRC will now also be Head 
of DHRU, and Dr. Helen Lasimbang will continue to be 
actively involved in the DHRU and BMHRC activities.

Outreach and Engagement Coordinator); Dr. Peter Daszak 
(CoP), Samantha Maher (Spatial Modeler) in collaboration 
with Carlos Zambrana-Torrelio (Senior Modeler), Yasha 
Feferholtz (Economist) and Sonia Dattaray (Research 
Assistant). These seminar sessions were attended by 74 
staff and students from UMS, government, and NGOs. 

The Second Geospatial Information System (GIS) Training 
was held at UMS. This training was conducted by Allison 
White and Samantha Maher, and it was attended by 25 
participants from UMS.

The IDEEAL seminars at the Faculty of Forestry, Kasetsart 
University, Thailand, covered the following topics: The 
IDEEAL Project in Southeast Asia (Tom Hughes, DCoP); 
The Global Cost of Land Use Change and Emerging 
Pandemics (Tom Hughes); Ecosystem services valuation 
Southeast Asia (Samantha Maher); The IDEEAL Model 
(Allison White) -- discussion included how the model 
was developed, what data was needed, the challenges, 
findings from Malaysia and Thailand, and how the model 
can be used in the future; The IDEEAL Interactive Web 
Modeling App (Allison White and Samantha Maher). 
The seminars were attended by 30 participants from 
Mahidol University, MORU, USAID RDMA, MoPH BOE 
and BOVBD, TRC-EID Chulalongkorn University, Faculty 
of Forestry KU, Mahasarakham University, and Sukhothai 
Thammathirat Open University.

During the second day of training, the following topics 
were discussed: IDEEAL Training on the IDEEAL Model 
and the IDEEAL Modeling Interactive Modeling App 
(Allison White and Samantha Maher). The trainings were 
attended by 30 participants from Mahidol University, 
MORU, MoPH BOE, TRC-EID Chulalongkorn University, 
Faculty of Forestry KU, Mahasarakham University, and 
Sukhothai Thammathirat Open University.

The final trainings were led by Allison White and covered 
the following topics: IDEEAL Training on Knowledge 
Translation; The IDEEAL Toolkit; Communicating 
Science: Publishing your research and maximizing 
impact; Funding Science: Tips on grant-writing and 
fundraising for scientific research projects. The trainings 
were attended by 20 participants from Mahidol University, 



Page 68  |  References & Appendices

INFECTIOUS DISEASE EMERGENCE AND ECONOMICS OF ALTERED LANDSCAPES (IDEEAL) 

REFERENCES 
& APPENDIX



References | Page 69 

References

1	�� Houghton, R. A. The Worldwide Extent of 
Land-Use Change. BioScience 44, 305-313, 
doi:10.2307/1312380 (1994).

2	� Ramankutty, N. & Foley, J. A. Estimating historical 
changes in global land cover: Croplands from 1700 
to 1992. 13, 997-1027, doi:10.1029/1999gb900046 
(1999).

3	� Foley, J. A. et al. Global Consequences of Land 
Use. 309, 570-574, doi:10.1126/science.1111772 %J 
Science (2005).

4	� Karesh, W. B. et al. Ecology of zoonoses: natural 
and unnatural histories. The Lancet 380, 1936-
1945, doi:10.1016/S0140-6736(12)61678-X (2012).

5	� Suzan, G. et al. The Effect of Habitat Fragmentation 
and Species Diversity Loss on Hantavirus 
Prevalence in Panama. Animal Biodiversity and 
Emerging Diseases 1149, 80 -83 (2012).

6	� Loh, E. H. et al. Targeting Transmission Pathways 
for Emerging Zoonotic Disease Surveillance 
and Control. Vector borne and zoonotic diseases 
(Larchmont, N.Y.) 15, 432-437, doi:10.1089/
vbz.2013.1563 (2015).

7	� UNEP. UNEP Frontiers 2016 Report: EMerging 
Issues of ENvironmental Concern. United Nations 
Environmental Programme, Nairobi. (2016).

8	� Pike, J., Bogich, T., Elwood, S., Finnoff, D. C. & 
Daszak, P. Economic optimization of a global 
strategy to address the pandemic threat. 111, 
18519-18523, doi:10.1073/pnas.1412661112 %J 
Proceedings of the National Academy of Sciences 
(2014).

9	� Patz, J. A. et al. Unhealthy landscapes: Policy 
recommendations on land use change and 
infectious disease emergence. Environ Health 
Perspect 112, 1092-1098, doi:10.1289/ehp.6877 
(2004).

10	� Baeza, A., Santos-Vega, M., Dobson, A. P. & 
Pascual, M. The rise and fall of malaria under 
land-use change in frontier regions. Nature ecology 
& evolution 1, 108, doi:10.1038/s41559-017-0108 
(2017).

11	� Daszak, P., Cunningham, A. A. & Hyatt, A. D. 
Emerging infectious diseases of wildlife--threats to 
biodiversity and human health. Science (New York, 
N.Y.) 287, 443-449 (2000).

12	� Fornace, K. M. et al. Association between 
Landscape Factors and Spatial Patterns of 
Plasmodium knowlesi Infections in Sabah, 
Malaysia. Emerging infectious diseases 22, 201-208, 
doi:10.3201/eid2202.150656 (2016).

13	� Allen, T. et al. Global hotspots and correlates 
of emerging zoonotic diseases. Nature 
Communications 8, 1124, doi:10.1038/s41467-017-
00923-8 (2017).

14	� Myers, N., Mittermeier, R. A., Mittermeier, C. 
G., da Fonseca, G. A. B. & Kent, J. Biodiversity 
hotspots for conservation priorities. Nature 403, 
853-858, doi:10.1038/35002501 (2000).

15	� Rice, J., Seixas, C. S., Zaccagnini, M. E., Bedoya-
Gaitán, M. & N., V. The IPBES regional assessment 
report on biodiversity and ecosystem services 
for the Americas. 656 pages. (Secretariat of the 
Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services, 2018).

16	� Tucker Lima, J. M., Vittor, A., Rifai, S. & Valle, D. 
Does deforestation promote or inhibit malaria 
transmission in the Amazon? A systematic 
literature review and critical appraisal of current 
evidence. Philosophical Transactions of the Royal 
Society B: Biological Sciences 372, 20160125 (2017).

17	� Gaveau et al. Rapid conversions and avoided 
deforestation: examining four decades of 
industrial plantation expansion in Borneo. Scientific 
Reports 6, (2016). doi: 10.1038/srep32017.



Page 70  |  References

18	� Berazneva, J. & Byker, T. S. Does Forest Loss 
Increase Human Disease? Evidence from 
Nigeria. American Economic Review 107, 516-521, 
doi:10.1257/aer.p20171132 (2017).

19	� Garg, T. Ecosystems and Human Health: The 
Local Benefits of Forest Cover in Indonesia. SSRN 
Electronic Journal (2016).

20	� Tucker Lima, J. M., Vittor, A., Rifai, S. & Valle, D. 
Does deforestation promote or inhibit malaria 
transmission in the Amazon? A systematic 
literature review and critical appraisal of current 
evidence. Philosophical transactions of the Royal 
Society of London. Series B, Biological sciences 372, 
doi:10.1098/rstb.2016.0125 (2017).

21	� 2006 IPCC Guidelines for National Grennhouse 
Gas Inventories. Volume 4: Agriculture Forestry 
and Other Land Use (2006).

22	� Tol, R. S. J. The Economic Effects of Climate 
Change %J Journal of Economic Perspectives. 23, 
29-51, doi:10.1257/jep.23.2.29 (2009).

23	� Polasky, S., de Zeeuw, A. & Wagener, F. Optimal 
management with potential regime shifts. Journal 
of Environmental Economics and Management 62, 
229-240, https://doi.org/10.1016/j.jeem.2010.09.004 
(2011).

24	� Costanza, R. et al. Changes in the global value 
of ecosystem services. Global Environmental 
Change 26, 152-158, https://doi.org/10.1016/j.
gloenvcha.2014.04.002 (2014).

25	� Loh, E. et al. Targeting transmission pathways 
for emerging zoonotic disease surveillance and 
control. Vector Borne and Zoonotic Diseases 15, 432-
437, https://doi.org/10.1089/vbz.2013.1563 (2015).

26	� Weitzman, M. L. On the “Environmental” 
Discount Rate. Journal of Environmental Economics 
and Management 26, 200-209, https://doi.
org/10.1006/jeem.1994.1012 (1994).



Appendices  |  Page 71 

COUNTRY LEVEL  
DATA COLLECTED (SOURCE)

Average national risk of an EID from (Allen et al. 2017). 

Gross domestic product (GDP) (The World Bank 2015)

Gross domestic product average growth rate 1961-2016 
(The World Bank 2015)

Total population, 2015 (The World Bank 2015)

Corporate tax rate, 2011 (The World Bank 2015)

Total forest land, 2015 (The World Bank 2015)

Total agricultural land, 2015 (The World Bank 2015)

Agriculture, value added (current US$)  
(The World Bank 2015)

Employment in agriculture (% of total employment) 
(modeled ILO estimate) (The World Bank 2015)

GLOBAL DATA

Forest cover loss (University of Maryland:  
Global Forest Change 2013)

Land cover (ESA Land Cover)

Precipitation data (Climate Prediction Center – NOAA)

Social Cost of Carbon (Tol 2009)

Social Discount Rate (Mathematical Bioeconomics:  
The mathematics of Conservation – Clark)

DISEASE DATA

Health data – Malaysia (Department of Health  
Malaysia 2015)

Health data – Thailand (MORU 2017)

IDEEAL SHINY APP

Crude Palm Oil (USD) (Index Mundi)

Crude Palm Oil per hectare (metric tons) (FAO)

Total Expenditures on Disease Prevention and  
Control Thailand (DDC Thailand 2017)

Total Number of Infections Thailand (MORU 2017)

Total Expenditures on Disease Prevention and Control 
Sabah, Malaysia (Sabah Department of Health 2015)

Total Number of Infections Sabah, Malaysia (2015)  
(Sabah CDC 2015)

Total Expenditures on disease prevention and  
control, Malaysia (Malaysia, Department of Health)

Total Number of Infections (Department of  
Health, Malaysia)

Sum total of ecosystem services (USD/ha) (TEEB)

Total Land (FAO)

% Forested Land (FAO; ESA CCI Land Cover)

Total land, PM Malaysia (Forestry Department  
of Peninsular Malaysia)

% Forested Land (Forestry Department of  
Peninsular Malaysia)
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1. DATA SOURCES
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The following have attended IDEEAL meetings at the 
Development and Health Research Unit set up at 
Universiti Malaysia Sabah, and / or have helped provide 
or compile data, and / or helped review the data sets and 
model and / or helped put together the IDEEAL toolkit for 
stakeholder engagement or attended trainings or toolkit 
presentations. 

•	 BC Initiative

•	 Bornean Rhino Alliance

•	 Biotechnology Research Institute,  
Universiti Malaysia Sabah

•	 Danau Girang Field Centre

•	 Department of Veterinary Services

•	 Department of Wildlife and National Parks  
Peninsular Malaysia

•	 EcoHealth Alliance 

•	 Faculty of Business and Economics and Accounting, 
Universiti Malaysia Sabah

•	 Faculty of Humanities, Art and Heritage,  
Universiti Malaysia Sabah

•	 Faculty of Medical and Health Sciences,  
Universiti Malaysia Sabah

•	 Biotechnology Research Institute,  
Universiti Malaysia Sabah

•	 Faculty of Engineering, Universiti Malaysia Sabah

•	 Faculty of Food Science and Nutrition,  
University Malaysia Sabah

•	 Faculty of Business, Economics and Accountancy

•	 Faculty of Humanities Arts and Heritage,  
Universiti Malaysia Sabah

•	 University College Sabah Foundation,  
Universiti Malaysia Sabah

•	 Forest Research Institute Malaysia

•	 Faculty of Science and Natural Resources,  
Universiti Malaysia Sabah

•	 Institute for Tropical Biology and Conservation, 
Universiti Malaysia Sabah

•	 Borneo Medical and Health Research Centre, 
University Malaysia Sabah

•	 Johnson and Johnson Company

•	 LEAP - Land Empowerment Animals People

•	 Living Landscape Alliance  
(Nicola Abram Kent University)

•	 Ministry of Health

•	 Malaysian Palm Oil Council

•	 Proctor and Gamble

•	 PACOS Trust - Partners of Community  
Organisations Sabah Trust

•	 Roundtable on Sustainable Palm Oil

•	 Sabah Economic and Development and  
Investment Authority

•	 Sabah Forestry Department 

•	 Sabah Land and Survey Department

•	 Sabah State Health Department 

•	 Sabah Wildlife Department 

•	 Sime Darby

•	 Universiti Malaysia Sabah

•	 United States Agency for  
International Development 

Appendices

2. IDEEAL PARTNERS AND  
STAKEHOLDERS FOR MALAYSIA
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•	 Wilmar

•	 WWF	

•	 IOI Morisem Plantation

•	  Genting Plantations 

•	 Coca Cola

•	 Centre for Promotion of Knowledge and  
Language Learning, Universiti Malaysia Sabah

•	 Trescope Sdn Bhd 

•	 Ministry of Water, Land and Natural Resources

•	 Ministry of Tourism, Culture and Environment Sabah

•	 Wild Asia

•	 PROFOREST

•	 Faculty Plantation and Agrotechnology, University 
Teknologi Malaysia - MARA

•	 Jesselton College

•	 Chevron 

•	 Cargill 

•	 Colgate-Palmolive 

•	 FAO 

•	 Village heads

•	 US Embassy Malaysia

THAILAND 

•	 Ministry of Public Health Department of Disease 
Control (MoPH-DDC: Bureau of Vector Borne 
Diseases (BVD) and Bureau of Epidemiology (BoE), 

•	 Faculty of Forestry Kasetsart University (FFKU), 

•	 Vet Faculty Kasetsart University (VFKU), 

•	 Chulalongkorn University, 

•	 Mahasarakham University,

•	  Maejo University,  

•	 Department of Livestock Development Thailand, 

•	 Sukhothai Thammathirat Open University 

•	 Department of National Parks, Wildlife and Plant 
Conservation, Thailand

•	 Mahidol-Oxford Research Unit (MORU) Faculty of 
Tropical Medicine, Mahidol University.

•	 FAO
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Appendices

3. EXPECTED RISK OF MALARIA

THAILAND
STANDARDIZED 
MALARIA RISK 2012
 

≤1.337883

≤1.532178

≤2.298040

≤2.794256

≤4.349370
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THAILAND
STANDARDIZED 
MALARIA RISK 2013

≤1.382587

≤1.536905

≤2.308064

≤2.884704

≤4.433200
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THAILAND
STANDARDIZED 
MALARIA RISK 2014

≤1.492968

≤1.757588

≤2.388583

≤3.485922

≤4.755960
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THAILAND
STANDARDIZED 
MALARIA RISK 2015

≤1.829849

≤2.505041

≤2.917050

≤3.681034

≤5.770523
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SABAH, MALAYSIA STANDARDIZED MALARIA RISK
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PENINSULAR 
MALAYSIA 
STANDARDIZED 
MALARIA RISK

SARAWAK, MALAYSIA 
STANDARDIZED MARIA RISK
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Appendices

4. InVEST

THAILAND:

CHANGE IN CARBON 
(2015 – 2030) 
(MG C/pixel)

≤-149 MG C

≤-69 MG C

≤-9 MG C

THAILAND:

NET PRESENT VALUE
(2015 – 2030) 
(USD/pixel)

-9 USD

-209 USD
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PENINSULAR 
MALAYSIA:

CHANGE IN CARBON 
(2015 – 2030) 
(MG C/pixel)

≤-2459 MG C

≤-421MG C

≤3734 MG C

PENINSULAR 
MALAYSIA:

NET PRESENT VALUE
(2015 – 2030) 
(USD/pixel)

≤-35223 USD

≤-112 USD

≤306100 USD
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BORNEO MALAYSIA 
(SABAH & SARAWAK):

CHANGE IN CARBON 
(2015 – 2030) 
(MG C/pixel)

Sabah

≤-4578 MG C

0

Sarawak

≤20 MG C

≤49 MG C

≤170 MG C

≤210 MG C

BORNEO MALAYSIA 
(SABAH & SARAWAK):

NET PRESENT VALUE
(2015 – 2030) 
(USD/pixel)

Sabah

≤-375302 USD

≤0

Sarawak

≤-385081 USD

≤0



Appendices  |  Page 83 

INDONESIA:

CHANGE IN CARBON 
(2015 – 2030) 
(MG C/pixel)

≤-4549 MG C

≤0 MG C

INDONESIA:

NET PRESENT VALUE
(2015 – 2030) 
(USD/pixel)

≤-372877 USD

≤0 USD
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5. �SPATIALLY EXPLICIT MODELING:  
A CONCEPTUAL MODEL 

Considering a hypothetical landscape with two habitat 
types, forest and river. The total area is divided into a 
grid system. The number of grid squares depends on the 
resolution of the spatial data (for example 30 meters). The 
geospatial data created for use in the model contained 
geographical characteristics (accessibility, slope), ecological 
information (type of forest) and conservation strategies 
(protected areas). The landscape characteristics are 

processed using a valuation equation to estimate the value 
of each parcel of land for development and conservation. 
To determine whether value for development or 
conservation is larger, the value of conservation is 
subtracted from development value. If the resulting 
number is negative, the conservation value outweighs 

development

Value=development value – conservation value.

FOREST

RIVER

	 5	 10	 10	 10	 -4

	 10	 6	 3	 1	 -10

	 5	 5	 1	 -6	 -3

	 -5	 3	 5	 -3	 -5

	 -5	 -2	 -1	 -4	 -7
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The model then performs an algorithm to determine 
the number of “alike” neighboring land parcels. Proximity 
of a representative cell to other cells with values of the 
same sign (positive or negative) modifies the value for 
the representative cell. The modeler can choose the 
desired search distance the algorithm should use to “look” 
in each direction for value connectivity. The algorithm 
identifies cells that have the largest number of similarly 
valued neighbors. This process identifies focal areas for 
development and minimizes landscape fragmentation. 

Where c is a constant and r is the chosen search radius.

	 5	 10	 10	 10	 -4

	 10	 6	 3	 1	 -10

	 5	 5	 1	 -6	 -3

	 -5	 3	 5	 -3	 -5

	 -5	 -2	 -1	 -4	 -7

neighbor value
r2

Valuei,j = Valuei,j + c

The modeler enters a desired area of land to develop, 
and another algorithm identifies a combination of cells 
to maximize the value of land conversion, prioritizing 
connected cells. 

The spatially implicit model outputs an area of land to 
convert for every time period within the model horizon. 
This output is then entered into the spatially explicit model 
as the area of land desired to develop.

	 5	 10	 10	 10	 -4

	 10	 6	 3	 1	 -10

	 5	 5	 1	 -6	 -3

	 -5	 3	 5	 -3	 -5

	 -5	 -2	 -1	 -4	 -7
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