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I. Executive Summary 

Ecosystem service losses pose an enormous threat not only to the environment, but also 
to businesses and society. The Duke student team helped its client, Ortec Finance, assess 
frameworks around ecosystem service losses and risks to different business sectors by 
conducting a literature review, describing analysis methodologies, and providing 
recommendations. The literature review showed that quantifying the economic impacts of 
ecosystem services is effectively done through either partial-equilibrium or computable general-
equilibrium models (CGE’s). The foremost publication regarding CGE models was found to be a 
report by the World Bank, which provides insights into how countries and economic sectors will 
differ between 2021 and 2030 due to BES losses. Additional literature showed consensus on 
three sectors: agriculture, raw material mining, and manufacturing are at the highest risk from 
ecosystem service losses. A flowchart was created to easily summarize how different ecosystem 
services link to various economic sectors. Geopolitically, developed countries in North America 
and Europe have low direct GDP dependency on BES. Other developing countries like China, 
India, and Brazil all have moderate to high GDP dependency. In comparing quantification 
methodologies used to analyze the economic impacts of ecosystem services, we recommended 
that Ortec Finance focuses on the Swiss Re BES Index as well as the ENCORE tool. The results 
from these two main approaches conducted by this report should feed into the expansion of Ortec 
Finance’s proprietary tool, Climate Maps, on ecosystem services. 

 

II. Introduction 
A. Project Client and Research Interest  
The client of this project is Ortec Finance, a leading provider of technology & solutions 

for risk and return management based in Rotterdam, the Netherlands. We, the student team, 
worked directly with the Climate & ESG Solutions team of the company throughout the 2021-
2022 academic year. For this project, Ortec Finance was interested in finding the most useful 
framework around biodiversity or ecosystem services losses and their associated risks and 
developing a methodology to integrate research findings of this project into Climate MAPS. 
Climate MAPS is a proprietary tool developed by Ortec Finance that quantifies the physical and 
transition risks and opportunities of climate change under various temperature pathways. The 
tool helps pension funds, insurance companies, sovereign wealth funds, banks, and asset 
managers make strategic climate-informed investment decisions. Depending on data availability 
and time constraints, the scope of this project will be limited at country level with a focus on a 
specific set of sectors. 

 
B. Project Background and Importance  
‘Ecosystem services’ (ES) refers to the ecological characteristics, functions or processes 

that businesses and society derive from natural ecosystems directly or indirectly to benefit their 
wellbeing (Costanza et al., 1997; Millennium Ecosystems Assessment (MEA), 2005; Constanza 
et al., 2017). In general, ecosystem services can be divided into four categories: provisioning 
services, regulating services, cultural services, and supporting services, and these services are 
sometimes referred to as ‘natural capital’ (Constanza et al., 2017). Any change in biodiversity, 
which is the diversity within and among species and ecosystems, will result in changes of the 
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ecosystem services supply (Food and Agriculture Organization (FAO), 2021).  
 

At the moment, more than half of the world’s gross domestic product (about US$44 
trillion) is moderately or highly dependent on ecosystem services (World Economic Forum and 
PwC, 2020). With the unprecedented rate of biodiversity loss, there can be serious negative 
impacts on businesses and society in short, medium, and long term, putting half of world 
economy at risk (Principles for Responsible Investment (PRI), 2020). More specifically, 
according to a recent study by Swiss Re Institute, about a fifth of countries (39 of all 195 
countries) in the world will be seriously affected by ecosystem collapse caused by biodiversity 
declines (Swiss Re Institute, 2020). This means that more than 30% of the entire area of these 
countries are ecosystems in the fragile state (Swiss Re Institute, 2020). Top countries with 
highest share of fragile biodiversity and ecosystem services state include Malta, Israel, Bahrain, 
Cyprus, and Kazakhstan1. No developed country from Swiss Re’s case studies has high GDP 
dependency on BES. On the other hand, the five main pressures on biodiversity and ecosystem 
service functioning as defined by the IPBES 2– land-use and sea-use change, direct 
overexploitation of natural resources, climate change, pollution, and the spread of invasive 
species – have already cost more than US$5 trillion per year decline in the global economy in 
terms of ecosystem functionality declines (Boston Consulting Group (BCG), 2021). At this rate, 
it can be foreseen that business activities closely related to resource extraction and cultivation do 
not only contribute the most to biodiversity loss, but also will suffer the most from the loss of 
natural services (BCG, 2021). Therefore, there is an urgent need to take actions against 
biodiversity loss to increase the resilience of natural capital assets and reduce the risks to 
investors across many sectors (PRI, 2020). Examples of environmentally-damaging sectors 
include food, energy, infrastructure, and fashion, which currently exert more than 90% of man-
made pressure on biodiversity (BCG, 2021). The sectors that are most at risk are agriculture, 
forestry & fishing, mining & quarrying, and manufacturing (Swiss Re Institute, 2020). 

 
C. Existing Biodiversity and Ecosystem Services Measurement Approaches 
Currently, there are many tools and frameworks being developed to quantify ecosystem 

services and measure the impacts of biodiversity loss. A non-exhaustive list of these approaches 
includes the Biodiversity Ecosystem Services (BES) Index developed by the Swiss Re Institute; 
Biodiversity Footprint for Financial Institutions (BFFI) developed by ASN Bank, CREM and 
PRé; Global Diversity Score (GBS) developed by CDC Biodiversité; Net Environmental 
Contribution (NEC) developed by Sycomore, Quantis, iCare & Consult, Lita Co and Swen 
Capital Partners; Species Threat Abatement and Recovery (STAR) developed by IUCN; and 
Agrobiodiversity Index (ABD) developed by Biodiversity International, CGIAR and 
Clarmondial, etc. These resources will be frequently consulted by the project team to identify the 
most suitable framework and develop final deliverables for Ortec Finance. 

 
 

 

 
1 The Swiss Re Institute study only considered the countries for which the GDP decomposition is available from 
Oxford Economics. 
2 Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services 
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III. Methodology  

The deliverables outlined for Ortec Finance require two separate approaches to be fully 
realized. First is the qualitative review and meta-analysis of current research in the space of 
ecosystem services and biodiversity, as well as their associated impacts on economic values. 
Specifically, this is a review of the findings published by research institutions and economic 
authorities, rather than the methodology they used to arrive at those findings.  

 
 Utilizing data and figures published by these institutions will offer Ortec an overview of 
economic impacts depending on country, relative economic sector, and ecosystem service. To 
tailor this information more precisely to Ortec Finance’s needs, data from multiple sources was 
compiled and repurposed to depict the countries, sectors, and services of particular interest to 
Ortec Finance and their clients. This information is communicated through flowcharts and sector 
profiles intended to convey the potential impact for Ortec Finance’s clients and provide an 
understanding for the process in which those impacts occur.  
 
 The second section of our results depict an accumulation of the methodologies used to 
analyze the economic impacts of ecosystem services. This portion includes a matrix of the 
possible methods as well as an analysis of those primary methods used. This methodology is 
intended to offer Ortec Finance potential avenues to incorporate this type of analysis in future 
work for their clients.  
 

IV. Literature Review and Results 
A. Literature Review of Found Impacts 

 The literature on the subject asserts economic impacts due to the loss of ecosystem 
services are twofold: both direct and indirect impacts. The quantification of direct impacts on a 
country or sector has been studied, but requires an elaborate methodology be carried out with 
varying levels of accuracy. Indirect impacts are more nuanced as they do not contribute directly 
to the production of a specific sector, rather they affect a component of a larger picture. A prime 
example being access to nutritious food and the impacts on education; though the impact of crop 
production is not directly linked to education, there is a direct impact on child health, which then 
affects education.  
 
 As direct impacts of ecosystem services are more easily quantified, most of the literature 
is devoted to studying this type of impact. The scope and breadth of the studies vary based on 
area of interest. Global impacts, though more generalized, allow for a quick assessment of which 
countries and areas of the world are most dependent on ecosystem services, and where the loss of 
ecosystem services will cause the greatest economic damage. However, more specific studies 
into a particular ecosystem service or economic sector can incorporate a much more detailed 
assessment, resulting in a more accurate account of impacts.  
 
 For global impacts, the most prominent public source is the ‘Biodiversity and Ecosystem 
Services Index’ provided by Swiss Re. It offers a comprehensive assessment of the economic 
sectors most susceptible to the decline in ecosystem services and which countries are at greatest 
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economic risk to those declines. Swiss Re also provides an interactive tool that can be used to 
gather country and sector-specific risk data.  
 

B. Quantifying Economic Impacts of Ecosystem-Services  
1. Overview 

The act of quantifying ecosystem services is no simple feat and extrapolating the 
economic impacts of changes in BES quantities is even more complicated. Methods for 
quantifying BES were explored for Ortec Finance through the consultation of literature and 
numerous experts (Lydia Olander, Jeff Vincent, Martin Ross). It was concluded that a 
quantitative analysis would not be possible given the student team’s limited time and expertise. 
However, highly relevant existing data sources and models were identified and will be detailed 
in this section.  

 
In general, BES are quantified using either partial-equilibrium or computable general-

equilibrium models (CGE’s). Partial-equilibrium models examine supply-demand interactions 
for a single economic output or market, ceteris paribus, while CGE’s consider several or all 
markets simultaneously within an economy and include inter-market effects (e.g., projections of 
income growth, FOP productivity growth, trade patterns, and rates of economic development). 
Both model types are useful for economic studies, but the CGE yields far more significant results 
if done properly because it can be a more realistic representation of the economy.   

 
The heterogeneity of modeling different BES categories, regions, and sectors quickly 

became apparent during this research. Some ecosystem services, such as timber yield and carbon 
sequestration, are easier to accurately model due to good data quality and availability, whereas 
others lack these qualities and are difficult to model, such as freshwater supply and flood-
mitigation (Johnson et al. 2021). Such characteristics also apply to different sectors and 
countries: ample high-quality data exists for many high-income, democratic countries, and BES-
attributable outputs of some sectors are much more easily quantified than others (e.g., 
agricultural yield due to water availability vs. amount of tourism due to biodiversity).  

 
To begin our project, our team originally sought to narrow in on a specific ecosystem 

service, sector, and country. We thus spent the fall semester examining agricultural output in the 
United States and focused on quantifying crop yield attributable to bee pollination. This research 
revealed very few country-level economic studies of pollination ecosystem services and the 
methods used in them required expert knowledge of both wild and managed bees and strong GIS 
skills, which our group lacked. However, the research yielded both the methodology and tools 
our client could use to quantify pollination ecosystem services if they possessed relevant 
knowledge and resources in the future or sought to out-source this work.  

 
Further literature on valuating ecosystem services led to our discovery of a paper 

published by the World Bank which provided not only the exact methodology to carry out a 
multi-BES, country-level, economic analysis, but also readily available results that could be 
analyzed for investment decision making.  
 

2. Agriculture and Pollination: A Case Study    
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We recommend using Stanford’s Integrated Valuation of Ecosystem Services and 
Tradeoffs (InVEST) tool to model bee pollinators. This tool provides a detailed methodology for 
how quantify crop yield attributable to bee pollinators and is backed by a large body of research. 
InVEST and the most agreed-upon models align closely to the following methods: 
 

1. Quantify the abundance of bees in an agricultural area of interest3 
a. Determine the percent-cover or abundance of nesting sites and floral resources by 

extrapolating from field surveys and expert knowledge 
b. Use landcover maps 

2. Determine bee species-specific parameters for: 
a. Foraging distances 
b. Effectiveness at pollination on different crops (success rate) 
c. Crop dependency to animal pollination (improved quality or quantity of yield or 

seeds)4 based on field surveys and expert knowledge 
3. *Non-market valuation 

a. Bees as an input to production 
i.  Elasticity of substitutes will need to be determined.  

ii. Could use either a partial or general equilibrium model.  
4. Apply model to area of interest 

a. Overlay bee abundance/habitat maps over agricultural yield maps to determine 
probable pollination frequencies and contributions of bees. The farther a plot of 
land is within a nest’s foraging range, the less likely it will be visited for 
pollination. 

5. Verify results by comparing field-based data on bee abundance 
6. Forecast potential equilibrium-state scenarios in computable general equilibrium model5  

 
C. The World Bank Report (WBR)  

1. Overview of WBR 
Instead of performing a CGE, which could take years to do with a team of PhDs, we 

opted to extrapolate the findings of leading published studies that used CGE models to quantify 
the effects of BES changes. The best publication found was, “The Economic Case for Nature: a 
global Earth-economy model to assess development-policy pathways” (Johnson et al. 2021), 
which was recently published by the World Bank.  

 
This paper is considered cutting-edge in the field of environmental economics. It is the 

only model of its kind that analyzes BES at a global scale combining both ecosystem-service and 
CGE models6. Due to the high geospatial resolution requirements and computational constraints, 
such integrated modeling was not possible until 2019 (Chaplin, Kramer 2019). The World Bank 
team is the first to have capitalized on such technological developments. The findings from this 

 
3 In Calderone et al. 2009, Step 1 was omitted and agricultural yields were instead multiplied by bee-dependence coefficients that 
acted as proxies to abundance metrics.  
4 Crop variety may have a large effect on these parameters. Certain crops are more susceptible to this, such as 
almond varieties (Klein et al. 2006)   
5 See Johnson et al. 2021 or Bauer and Wing 2016 for real-life applications of this 
6 Other models only use a CGE or a partial-equilibrium model independently of one another. Combining them has 
been traditionally been difficult due to the difficulty in fully understanding their substitute goods and services or 
how to quantify the ecosystem services (Johnson et al. 2021)  
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integrated model are novel in that it simulates how economies react to changes in ecosystem 
services at very-fine spatial scales (300m raster cells) and extrapolates findings to region-level 
results.  

 
The outputs of the World Bank Report (WBR) align to Ortec Finance’s interests in 

assessing environmental risk of investments and should be considered one of the most accurate 
publicly available representations of how economies will be affected by changes to BES. The 
model provides insights into how sectors and GTAP-classified countries/country-regions’ 
economies and factors of production (FOP) will differ between 2021 and 20307 under different 
scenarios. The effects of BES changes on GDP, economic welfare, FOP (capital, land, 
skilled/unskilled labor), and sectoral output are the model’s major outputs, and the authors 
provide distributional breakdowns of these metrics by country and individual-income status, 
GTAP region, and primary and secondary sectoral contributions.  

 
The scenarios modeled include:  
(1) a baseline, which does not factor in interactions between BES change and economies 

(a regular CGE model) 
(2)  “business as usual” (BAU), for which the interactions between BES changes and the 

economy are accounted 
(3) BAU + BES-collapse, where the BAU scenario occurs except different BES inputs 

are assumed to degrade severely (e.g., wild-bee populations fall to 10% of former 
levels)8 

(4) Six BAU + policy scenarios, which concern theoretically progressive policies that the 
WBR authors are proponents of, such as removal of agricultural subsidies or the 
implementation of forest-carbon credits at domestic and international levels  

(5) BAU + 30% land conservation, where it is assumed that natural-land protection 
policy is implemented, thereby limiting the supply of land that can be developed for 
economic purposes.   

 

 
7 Note that findings for intermediary years are not produced, only the years 2021 and 2030. This is because the 
WBR model is a static model, not a dynamic model, which has different data requirements and statistical 
assumptions.  
8 Ecosystem productivity is considered non-linear, meaning that linear degradation of the environment may surpass 
a point where productivity exponentially decreases. Such a point/threshold is known as a “tipping point,” and 
represents the collapse of an ecosystem’s ability to provide a good or service. The point at which these thresholds 
occur is not completely understood but they pose the potential for massive economic shocks (Johnson et al. 2021).  
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Figure 1: Image taken from the WBR (Johnson et al. 2021) showing the different scenarios 

formulated and analyzed. 
 

2. Model Methodology  
The Johnson 2021 paper can be summarized by these modeling steps:   

 
I. Create different scenarios to run through the models, each focusing on three 

ecosystem services: pollination, marine fisheries, and tropical forest conversion to 
savannah  

II. Use GTAP-AEZ model to project rates of land-use changes among the following 
land categories: natural land, pasture, cropland, managed forest  

III. Plug GTAP-AEZ results into the Spatial Economic Allocation Landscape 
Simulator (SEALS) to downscale geographic data to highly granular cell sizes  

IV. Input the SEALS data into InVEST, a partial equilibrium model for ecosystem 
service modeling   

V. Input the InVEST data back into the GTAP model to get projected GDP for different 
countries.   

VI. Compare the economic indicator results between scenarios   
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The WBR uses the Global Trade Analysis Project (GTAP) CGE model, which is widely 

used by governments for a variety of economic analysis purposes (Corong et al. 2017). They use 
a modified version of GTAP, called the GTAP-AEZ  (agro-ecological zone). Inputs generated 
from the GTAP-AEZ model are in turn fed into the Integrated Valuation of Ecosystem Services 
and Tradeoffs (InVEST), a tool consisting of numerous types of partial-equilibrium BES models 
that can be individually chosen by the user. InVEST uses spatial data and biophysical data for 
both its inputs and outputs, which allows users to analyze geographic trends.   
 

3. Recommendations and further research based on the WBR 
 

This, and future papers, could be used by Ortec Finance in two ways: replication of the 
methodology by the company’s own modelers, or direct usage of the results. Both options inform 
analyses of BES-dependent investments using macroeconomic country-level data.  
 

Direct usage involves either an analysis of country-level macroeconomic outputs or the 
incorporation of the model’s outputs into Ortec’s Climate MAPS tool. Direct usage would be the 
least demanding option so long as sufficient data sets can be obtained. In the case of this report 
the results-section data was incomplete, and we were unable to obtain the data from the World 
Bank despite inquiries to the authors. There is still a wealth of information given by the figures 
but we did not have the time or expertise to carry out an analysis and recommend Ortec do so. 
Data-extraction tools exist for pulling from graphs and we recommend the use of these. Please 
see the Appendix for images of some of the relevant outputs from the WBR (Figures 

  
If carrying out the analysis, we recommend focusing on the BAU and BAU+BES 

Collapse scenarios and regional outputs for GDP loss, the degree to which its 2022 – 2030 policy 
changes9 align with the different scenarios in the paper, and to what extent each ecosystem 
service is at risk. The results could then be compared to existing or planned investments by Ortec 
and their clients to see whether such investments fall within high vulnerability regions, or 
regions forecasted to increase ecosystem service production. The findings of this paper would 
thus serve as a broad analysis tool, whereby the WBR data could be used for broad preliminary 
research to identify future focus areas.  
 

Methodology replication (indirect usage of the model) will require a highly trained team 
of modelers who possess advanced knowledge of GIS, economics, CGE modeling, and expertise 
in any relevant ecosystem services. Fortunately, much of the modeling groundwork has already 
been done by the WBR team. These include assumptions for: land-use land change code (LULC) 
taxonomy, sub-model selections (InVEST models, SEALS, GTAP-AEZ), data sources, scenario 
formulations, elasticity weights for trade and production parameters, productivity growth due to 
research and development (R&D) equations including regional elasticities and rates, regional 
conservation goals and land protection, parameters for determining location and type of future 

 
9 The scenarios examined by the WBR include: change in agricultural subsidies, change in agricultural research and 
development (R&D) funding and progress, and carbon offset program implementation. They are not discussed in 
this paper due to the very limited country-level data provided, and because of the extra layer of analysis and 
uncertainty their consideration would demand. We see focusing on direct economic valuation as a better area of 
focus.  
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land-use changes. These and other assumptions are among those provided in the report’s 
appendix that could lay the groundwork for efficiently replicating the model.  
 

The policy-scenario analysis is the center piece of this model yet will not be relevant if 
the policies are not enacted. The scenarios described align with proposals of how the authors 
think BES-related policy should be structured, not necessarily of what is most likely to happen in 
real life. Furthermore, it is unclear how the effects of the different policies’ implementations in 
the model will differ if they occur at a different time-period than simulated (Ortec Finance would 
need access to the model to determine this).    
 

4. Analysis of WBR results 
We were unable to perform a sufficient analysis of the WBR data. We did, however, 

extract data from Figures 10, 11, and 1210 using free WebPlotDigitizer software, as seen in 
Figure 2.  
 

 
Figure 2: Data extracted from WBR using graph-extraction software. The selection of countries 

represents those relevant to Ortec’s investments. 
 

5. Conservative Estimates 
Under-estimation of the benefits of BES is a fault of many existing CGE models. Such 

models operate under the assumption that the magnitudes of economic gains and losses are 
determined by the ability of consumers and firms to adjust to economic shocks (measured with 
elasticity weights) through price adjustments, substitution, trade, etc. The ability to substitute 
ecosystem services is often over-estimated, however, because substitutes to BES are often fewer 
or more expensive than in other markets (Dasgupta Review 2021).  

 

 
10 Figure 10: BAU vs. ESC scenarios |  Figure 11: BAU share of GDP attributable to each ES | Figure 12: BAU vs. 
ESC change in monetary terms.  

BAU vs. ESC 
(country) 

Baseline vs. 
BAU 
(country)

Baseline vs. 
BAU 
(regional)

Baseline vs. 
BAU 
(regional)

Baseline vs. 
BAU 
(regional)

Baseline vs. 
BAU 
(regional)

Country 

Change in 
Monetary 
Terms (US$ 
Billions)

Change in 
2030 real 
GDP % per 
capita Region

Other 
Drivers Forestry Pollination Fisheries 

China -$944.44 -0.24 East Asia and Pacific 25% 3% 37% 35%
Nigeria -$138.89 -0.07 Sub-Saharan Africa 30% 45% 21% 4%
United States -$94.44 0.00 North America 0% 4% 85% 11%
Brazil -$150.00 -0.05 Latin America / Caribbean 16% 42% 34% 8%
Pakistan -$55.56 0.24 South Asia 27% 10% 39% 24%
Mexico -$16.67 -0.01 Latin America / Caribbean 16% 42% 34% 8%
Canada -$16.67 -0.01 North America 0% 4% 85% 11%
Japan -$27.78 -0.01 East Asia and Pacific 25% 3% 37% 35%
Russian Federation -$16.67 0.02 Europe and Central Asia 14% 10% 55% 21%
European Union -$83.33 0.00 Europe and Central Asia 14% 10% 55% 21%
BAU = Business as Usual scenario, ESC = Ecosystem-System Collapse scenario, Baseline = no accounting for BES in CGE model 

scenario
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The WBR acknowledges this in their report, although its application is inconsistent 
throughout the sections. It is only addressed in the BAU + BES Collapse scenario, which 
provides conservative-elasticity weights (at the 95th percentile of distribution instead of mean) 
for its scenario outputs. Such detail speaks to the credibility of the authors of the WBR and 
makes it stand out among other existing BES sources but omission of such adjustments in the 
BAU and Policy sections needs to be addressed.  

 
There are other causes of underestimation of BES-change effects in the WBR. The most 

glaring cause is that the report only examines five ecosystem services (wild-bee pollination, 
timber provision, marine-fish provision, carbon sequestration, and biodiversity) affecting three 
sectors (agriculture, marine fisheries, and managed forests). Other ecosystem services, such as 
water provisions, are too difficult to model despite their large potential impacts. This model also 
does not account for secondary economic effects of BES changes, such as human migration from 
degraded land. Despite these un-resolvable constraints, useful insights are still provided for the 
countries and sectors involved.  

 
A third source of potential underestimation of the benefits of BES arises from not 

addressing non-use values of BES (option value, existence value) and potentially omitting 
certain indirect-use values (wild-bee value to other ecosystems instead of just contribution to 
agricultural productivity, landslide and runoff mitigation of forests instead of just timber value). 
To properly critique this type of omission, a more in-depth analysis of the methodology used in 
this paper needs to be undertaken. Based on the thorough research our group has done on 
pollination-valuation, it can confidently be stated that the pollination valuation only values 
direct-use benefits of pollinators through their percent-contributions to agricultural productivity.  

Other sources of uncertainty arise from unknown ecosystem-collapse thresholds and 
choosing a proper climate-change scenario (this report used RCP4.5). Ideally our client would be 
able to perform sensitivity analyses of both of these variables for different collapse and climate 
change scenarios; given the difficulty in obtaining this report’s data, this seems highly unlikely at 
present unless the report’s methodology can be replicated.  

One option could be we recommend supplementation of the World Bank paper with non-
market studies, but would caution the risks of double-counting, inconsistencies in availability 
and quality of studies applied in different countries, and the viability of benefits transfer when 
using existing studies.  
 

6. Questions posed by the WBR 
Several questions about the model remain to be answered by our team through research 

and consultation:  
1. Discrepancies between sections:  

a. FOP outputs are displayed in the Policy Scenario Analysis Section of the report 
but not in the Baseline, BAU, or BAU + BES Collapse scenarios. These include 
change in the value or welfare of capital, land, and skilled/unskilled labor. Why 
are these only available for the Policy Section and not the others? Can these data 
be accessed for the other scenarios?   
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b. Indirect BES effects on manufacturing and service industries are provided for the 
BAU + BES Collapse scenario but not for any of the others. Can these data be 
accessed for the other scenarios?  

2. When will further iterations of this report be published and will they address gaps in the 
current report? Such information could influence whether Ortec needs to model 
ecosystem services in-house.  

3. How concerned should we be about a lack of non-market goods and services being 
addressed in the report and how can we address these ourselves (namely non-use values 
such as existence and option values)?  

 
D. Ortec Finance Specific Flowchart 

 The flowchart (Figure 1) developed for Ortec Finance consists of qualitative results 
produced by multiple sources. The objective was to combine specific material that applied 
directly to Ortec Finance’s needs which is not otherwise specified in general literature. Due to 
the nature of the available information, a quantitative analysis on this level could not be achieved 
to the extent that would be most ideal for Ortec Finance. However, a qualitative review of 
available data could be collected and reproduced in a format that communicates a well-rounded 
analysis to suit Ortec Finance’s needs while being more immediately useful for their clients.  
 
 The benefit of utilizing a qualitative review is the information presented is tailored to 
Ortec Finance’s specifications and enables a more descriptive narrative when communicating 
with the client. To produce this flowchart, economic sectors were altered to align more 
specifically with areas of investments outlined by Ortec Finance clientele. The ecosystem 
services represented were broadened to offer a more in-depth image of where sources of impact 
occur. While a ranking system was established to easily track which sectors have the most 
exposure to risk from declining ecosystem services, with those most affected sectors at the top 
and those least affected at the bottom. The ranking system could not account for estimated 
financial impact, rather the count of ecosystem services impacting that sector with the 
assumption being that sector will face greater risk.  
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Figure 3: ecosystem service flowchart, by Sam Vanasse 

 
Though having this flowchart is a valuable visual, understanding what it represents is 

critical in driving the story behind ecosystem service values. Agriculture is the most ideal sector 
to demonstrate this story as it has more ecosystem services impacting it directly than any other 
sector, and those services have physical responses within the environment that are easily 
understood. Of Swiss Re’s eight possible ecosystem services studied, they identified all eight as 
having impacts on agriculture, forestry, and fisheries (Biodiversity and Ecosystems Services 
Index, Swiss Re). 

 
One way to approach this story to explain primary and secondary impacts and 

demonstrate how they both affect an economy. The primary impacts of ecosystem services 
impacting agriculture can be clearly identified. Pollination is necessary to produce many crops; 
should there be a decline in pollinator populations, then crop productivity will also decline. Soil 
quality is a factor of nutrient levels within the soil; lower soil fertility will result in reduced crop 
yields. Poor water quality can damage the crops being grown, while water security is 
indispensable in crop production.  

 
In the agriculture, forestry, and fishery sector, Johnson et al. identified a potential global 

loss of 2.7 trillion USD due to the decline of wild pollinators, marine fisheries, and timber 
provisions (Johnson et al). Without recognizing how ecosystem services impact economic 
sectors, this value can appear farcical. How could mere changes in pollinator populations or 
slight changes in cyclic weather patterns affect agricultural production to such an extent?  

 
To answer this question, one must consider both primary and secondary impacts together. 

Genetic diversity, for example, is not only concerned with the conservation of plant and animal 
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species facing extinction, but it also has continuous effects on other ecosystem services. 
Monocropping, the act of planting the same crop across vast acres of land for farm production, 
negatively impacts genetic diversity, but it also has a negative impact on pollinators by damaging 
their nutrition (Bianco et al). 
 

E. Sector Profiles 
 Each economic sector is affected by ecosystem services uniquely, and therefore the losses 
they may face pertain specifically to that economic sector. Evidence suggests the agricultural 
sector possesses the most potential for economic damage due to the loss of ecosystem services 
(“Biodiversity and Ecosystems Services Index”). The Swiss Re report identified ‘Mining & 
Quarrying’ and ‘Manufacturing’ as other economic sectors facing serious economic losses, the 
two of which were also identified by Ortec Finance as key sectors of interest. The three sector 
profiles that follow outline how the sector of interest is impacted by the loss of ecosystem 
services identified by the Swiss Re report and supporting literature.  
 

1. Agriculture 
 The impacts on the agriculture sector differ depending on region and specific impacts. 
Not all countries will see negative agricultural impacts from a warming climate, however the 
latest IPCC climate change report from 2022 noted that “Climate change has caused regionally 
different, but mostly negative, impacts on crop yields, quality, and marketability of products” 
with high confidence (Bezner et al). Similarly, pollination will not impact all crops and therefore 
it will not impact all markets. If a country’s agriculture system is not dependent on pollinator 
crops, the decline in pollination will not directly harm those crop yields, though there may still 
be indirect impacts.  
 
 Climate change is a broad category that covers a wide range of impacts. The same IPCC 
report noted “Globally, 10% of the currently suitable area for major crops and livestock are 
projected to be climatically unsuitable in mid-century and 31-34% by the end of the century” 
(Bezner et al). It went on to stress that “80% of the population at risk of hunger are projected to 
occur in Africa and Asia” (Bezner et al). The figure below demonstrates global risk indicators 
and was provided by the IPCC “Climate Change 2022: Impacts, Adaptation, and Vulnerability” 
report. It demonstrates which region’s rainfed agriculture production are at particular risk from 
extreme events made more likely by climate change.  
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Figure 4: visualization of rainfed agriculture global risks 

 
Though the impacts can be generalized by region they can also be specified by crops, 

NASA research estimates global crop yield for corn will decrease by 24% while crop yields for 
wheat will increase by 17% by the end of the century due to climate change (“SVS: Impact of 
Climate Change on Global Agricultural Yields,” NASA). While the IPCC report created another 
figure below which demonstrates how a single crop can be exposed to different stressors based 
on region, all of which can impact total crop output. Though the information below is incredibly 
valuable, this figure should also demonstrate how exceedingly difficult it is to measure this type 
of impact.  
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 Figure 5: soybean and wheat threat by stressor and location 

 
Although climate/air quality is just one ecosystem service identified, the figures above 

should demonstrate how connected these services are. Pollination is another such service. A 
study identified that more than 75% of global food crops, or roughly one-third of crops by 
production value, depend on pollinators (Porfirio et al). This is while “demand for pollinator-
dependent crops has increased by 300% in fifty years” and those pollinator populations are 
declining (Porfirio et al). For any country in particular, the economic impact on their agriculture 
sector will depend on the crops in their production, and their resilience to climate related events, 
in addition to the plethora of secondary impacts from ecosystem services altering due to climate 
change.  
 
 

2. Mining & Quarrying 

While extractive activities’ negative impact on ecosystems is well-known, it is important 
to note that mining operations also need healthy ecosystems. For example, reliable water 
supplies are crucial for mineral processing (ore processing), slurry transport, dust suppression, 
and mining camp running. Large-scale mining operations heavily use both groundwater and 
surface water as well as actively manage rainfalls and runoff when they are in contact with 
operations. Additionally, in coastal areas, mining activities need mangroves to provide protection 
from storm surges. Swiss Re identified Mining & Quarrying is highly impacted by erosion 
control, moderately impacted by water quality, with air quality & local climate, water security 
having a low impact. Therefore, mining operations are highly contingent on ecosystem services, 
either directly for their operations or indirectly for infrastructure, such as the roads, pipelines, 
and dams, from erosion effects, landslides, and natural disasters, such as flooding and storm 
surges.  
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The mining sector has traditionally suffered from costly accidents, not only for natural 
resource companies and the companies that insure and finance them. For instance, the OK Tedi 
incident in Papua New Guinea led the mining company BHP to pay $49 million to landowners in 
1996 and write-off of $416 million due to withdrawal from project for environmental and social 
reasons in 2001. Investors and companies could use tools, such as the Global Biodiversity 
Information Facility (GBIF), the Integrated Biodiversity Assessment Tool (IBAT) and MapX, to 
access biodiversity-relevant data for decision-makings (UNEP, 2018). Several countries are also 
offering similar data platforms, such as Tanzania’s Environmental Information Network.  

 
The sector has been at the core of many countries’ economic development and shows no 

sign of slowing production. Major metals are mainly mined in the Americas and Asia-Pacific, 
with diamond mined mostly in Africa. According to a global-scale data set of mining areas 
produced by Maus et al. in 2020, 51% of mining in the world is concentrated in only five 
countries: China, Australia, the United States, Russia, and Chile. Tost et al. estimated an overall 
ecosystem cost of $5.4 billion per year caused by metal mining in 2016, with about two thirds in 
forest areas.  

3. Manufacturing  
The relationship between ecosystem services and manufacturing activities is mainly 

indirect since manufacturing businesses do not directly extract raw materials. The relationship 
can be linked through dependency of manufacturing to raw materials for various manufacturing 
processes as well as through operations such as water management for a beverage manufacturer. 
This indirect relationship may explain the sector’s current lack of recognition of its impact from 
ecosystem services. WBCSD in 2011 took a closer look at this relationship and identified 
manufacturing & processing sectors to be highly dependent on ecosystem services under 
“provisioning”, which are food, timber & fibers, freshwater, and genetic/pharmaceutical 
resources, as well as under “regulation” such as climate & air quality, water, and natural hazard 
(UNEP, 2018). The concept of indirect dependencies of manufacturing on ecosystem services 
should not be overlooked. For instance, processed food and textile manufacturers rely on 
biological raw materials.  

 
Manufacturing depends on supply chains and production of materials, which are 

increasing globalized and complicated. It has been proven to be difficult to track impacts of 
environment and global material production as supply chains are intertwined. Cabernard et al. 
estimated that “25-35% of global material-related impacts are embodied in trade among ten 
world regions”, with China receiving the highest impacts from climate change and air quality; 
Middle East is affected by water stress the most, followed by India and China; Latin America is 
the most vulnerable from land-use related to biodiversity loss, followed by Asian regions outside 
of China and India (Science of the Total Environment, 2019). The same paper also identified that 
“during 1995-2011, the share of materials in total global climate change impacts has remained 
almost constant at ~50%, but total impacts have significantly increased for minerals and fossils” 
(Science of the Total Environment, 2019). On the other hand, Swiss Re named seven out of eight 
possible ecosystem services it studied to have impact on the manufacturing sector (all except 
habitat intactness, with timber provision having the highest impact).  
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F. Country Case Studies 
Due to limited time, resources and data available, we were not able to produce our own 

GIS map for country studies. However, as previously mentioned, many tools and frameworks 
have already been developed to explore the exposure that each country has to biodiversity and 
ecosystem services (BES) decline. In particular, we find the Swiss Re’s BES Index to be the 
most informative for Ortec Finance to communicate with the clients and further develop the 
Climate MAPS tool. 

 
For the purpose of this project, Ortec Finance has identified eight primary 

countries/regions of interest: Brazil, Canada, China, Europe, India, Japan, United Kingdom (UK) 
and United States (US). This list highly corresponds to the countries highlighted in Swiss Re’s 
Biodiversity and Ecosystems Services Index: Measuring the Value of Nature (2020) report, 
suggesting that Ortec Finance’s focus aligns with other financial institutions’ interests. However, 
it is to be noted that Japan was not included in Swiss Re’s country profiles, and only three 
European countries (France, Germany and Switzerland) were represented. 

 
For the featured countries, Swiss Re provided information like GDP dependency on BES, 

most GDP dependent sectors, share of land in ‘very low’11 and ‘very high’12 BES class (low/high 
nature’s contribution to people), as well as the state of ten selected BES. These BES were 
identified and included in the Swiss Re SRI BES Index: habitat intactness, pollination, air quality 
& local climate, water security, water quality, soil fertility, erosion control, coastal protection, 
food provision, and timber provision. Although the selection of these ecosystem services was 
based on Swiss Re’s business relevance and data availability, they are a good reference for Ortec 
Finance due to similar interests. Table 1 below provides more details on the country and 
economic sector vulnerability to BES loss. 

 
Country GDP 

Dependency 
on BES 

Most GDP 
Dependent 
Sectors 

Share of 
Land in 
‘Very 
Low’ BES 
Class 

Share of 
Land in 
‘Very 
High’ BES 
Class 

Most 
Fragile 
BES13 

Brazil Moderate Manufacturing, 
real estate, and 
professional 
and 
administrative 
activities  

4% 42% Soil fertility, 
pollination, 
food 
provision 

Canada Low Real estate, 
professional 
and 
administrative 

3% 30% Coastal 
protection, 
pollination, 
air quality 

 
11 Locations with BES values in the lower 15th percentile globally are considered to be intact ecosystems that have 
significant value for biodiversity and high capacity to provide ecosystem services. 
12 Locations with BES values in the upper 15th percentile globally are considered to be fragile ecosystems that have 
suffered the effects of degradation. 
13 The three BES with the lowest BES Index were selected for each country. 
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activities, 
manufacturing, 
and wholesale 
and retail trade 

and local 
climate 

China High Manufacturing, 
and 
agriculture, 
forestry and 
fishing 

18% 3% Pollination, 
coastal 
protection, 
soil fertility 

France Low Real estate, 
professional 
and 
administrative 
activities, 
manufacturing, 
and wholesale 
and retail trade 

4% 2% Coastal 
protection, 
soil fertility, 
erosion 
control 

Germany Low Manufacturing 2% 4% Coastal 
protection, 
soil fertility, 
timber 
provision 

India High Manufacturing, 
and 
agriculture, 
forestry and 
fishing 

28% 2% Soil fertility, 
erosion 
control, 
pollination 

Switzerland Low Manufacturing 0% 4% Coastal 
protection, 
pollination, 
erosion 
control 

UK Low Real estate, 
professional 
and 
administrative 
activities, and 
manufacturing 

4% 1% Coastal 
protection, 
timber 
provision, 
pollination 

US Low Real estate, 
professional 
and 
administrative 
activities, and 
manufacturing 

12% 8% Pollination, 
coastal 
protection, 
air quality 
and local 
climate 

Source: Swiss Re, 2021 
Table 1: Vulnerability of Countries and Economic Sectors to BES loss 
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From the table above, it could be observed that developed countries in North America 

and Europe generally have low GDP dependency on BES. Other developing countries like 
China, India, and Brazil all have moderate to high GDP dependency. In general, regardless of 
country incomes, manufacturing, real estate, professional and administrative activities, 
agriculture, forestry and fishing, and wholesale and retail trade are the most GDP dependent 
sectors in all countries. Soil fertility and pollination are the two most fragile BES as observed in 
countries studied above. These all provide insights for Ortec Finance for which economic sector 
and BES to pay special attention to.  
 

V. Discussion & Recommendations 

 
Based on Ortec Finance’s interests as well as the available frameworks and tools, the pros 

and cons of BES Index by Swiss Re Institute, the biodiversity and financial stability study by the 
Network for Greening the Financial System (NGFS) and the International Network for 
Sustainable Financial Policy Insights (INSPIRE), Biodiversity risks study by the De 
Nederlandsche Bank, and the Exploring Natural Capital Opportunities, Risks and Exposure tool 
by ENCORE were analyzed and compared. 

 
Existing 

Framework Description 

Swiss Re Institute 
BES Index 

• Determined sector dependency factors based on ENCORE 
• Utilized ENCORE’s 1-5 scale (representing limited loss of impacts 

to severe loss of impacts) established to rank production process 
dependency on various ecosystem services.  

• Developed SRI BES index, a globally-comparative indicator 
system of the state of the ten BES. 

NGFS & INSPIRE 
Study  

• Developed by central banks and financial supervisors aiming to 
provide research and best practices for climate-related risks.  

De Nederlandsche 
Bank (DNB) 

• Collaborated with PBL Netherlands Environmental Assessment 
Agency to evaluate the extent of exposure to risks from loss of 
biodiversity for financial institutions.  

• Based on ENCORE database.  
ENCORE • ENCORE is a tool developed by Natural Capital Finance 

Alliance in partnership with UNEP-WCMC, and was financed by 
the Swiss State Secretariat for Economic Affairs (SECO) , Swiss 
Federal Office for the Environment (FOEN), and the MAVA 
Foundation. It is a well-recognized tool at global level, and a 
reliable source for Ortec Finance as the firm supports clients from 
all over the world.  

• Reports in GICS sectors.  
• Aids in the management of natural capital risk for the benefit of 

financial institutions. This aligns with the goals of Ortec Finance in 
assessing investment risks for the clients.  
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• Data and information were collected from a variety of locations 
including the internet, scientific reviews and previous literature, 
and were reviewed for further detail. A number of screening 
criteria drawn from previous data inventories compiled by UNEP-
WCMC, such as update frequency and temporal coverage, 
were recorded for each dataset to enable financial institutions to 
assess the suitability and robustness for decision making.   

• The current body of relevant information on ecosystem service 
dependencies covers 21 ecosystem services and 167 economic sub-
industries, all reviewed through various literature review methods.  

• In conjunction with the Natural Capital Finance Alliance team, a 
framework was developed with Red-Amber-Green criteria to assess 
the value of natural capital assets to ecosystem services, the 
influence of drivers of environmental change on natural capital 
assets and to provide contextual information on the drivers of 
environmental change.  

Integrated Valuation 
of Ecosystem 
Services and 
Tradeoffs (InVEST) 

• Provides over twenty tools and methodologies for the 
quantification and valuation of a variety of ecosystem services.  

• All its models rely on geospatial data, which allows for highly 
customizable models that can be either local or regionally scaled. 

• A working knowledge of the ecosystem service in question is 
required to properly operate these models.  

• Usage will take a significant amount of time to accurately execute.   
Table 2: Description of Selected Frameworks 

 
Existing 

Framework  
Pros  Cons  

Swiss 
Re Institute 
BES Index 

• Sector dependency factors based 
on ENCORE could potentially be 
used by Ortec Finance 
to distribute the economic impacts 
(from Johnson et al.) to 
different sectors. 

• See ENCORE pro/con list for 
further insights 

• Only a subset of ecosystem 
services was assessed. Ortec 
Finance will need to evaluate if 
it’s feasible to replicate Swiss 
Re’s methodology to all other 
ecosystem services and calculate 
their sector dependency factors. 

• Swiss Re uses NACE sectors, 
which are hard to be mapped 
back to GICS 

• Only results were discussed in 
the report, but no 
detailed methodology, thus 
difficult to replicate. 

• Actual BES scores were not 
published, and thus unable to 
perform quantitative analysis. 
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• Only terrestrial data is available 
and studied. 

• Only provides dependency ratios 
based on current and past GDP –   
does not provide forecasts of 
future values. 

• Assessing BES in the context of 
GDP may not be an appropriate 
metric for BES valuation (e.g., 
agriculture is a small % of GDP 
in many countries, yet without 
this food we would die). 

• See ENCORE pro/con list for 
further insights. 

NGFS & 
INSPIRE 

Study 

• Great outline of frameworks in 
practice; why this is an important 
practice; where these frameworks 
fall short, and where they have the 
potential to go. 

• No usable tools; rather insights 
into issues such as quantifying 
biodiversity loss on 
macroeconomics. 

De 
Nederlandsche 
Bank (DNB) 

• Risks were broken down and 
discussed in different 
types: physical, transition, and 
reputational risks, which could be 
used by Ortec Finance for 
qualitative analysis. 

• Conservative results as it did not 
study all risks associated with 
the loss of biodiversity due to 
limited data availability. 

• System risks also not taken into 
consideration. 

• Study was limited to Dutch 
financial institutions. Might be 
difficult to transfer and apply to 
other countries given the limited 
methodology discussed in the 
report. 

Exploring 
Natural 
Capital 

Opportunities, 
Risks and 
Exposure 

(ENCORE) 

• Offers a free interactive map that 
helps understand location-specific 
risks arising from the depletion of 
natural capital, and the 
dependencies and impacts of 
business activities through spatial 
data. Data layers of different 
impact drivers and dependencies 
like ecosystem services, natural 
capital assets and drivers of 
environmental change could be 
applied to the map for more 
specific search. 

• No numbers or quantitative data 
is available from the natural 
capital depletion hotspot map. 

• The search function excludes 
dependencies and impacts that 
occur through supply chain (to 
avoid double counting). 

• The ecosystem service factsheets 
were not developed based on 
location-specific information. 

• Shifting supply chains to a 
different country to manage 
impacts on natural capital assets 
is not captured in the framework, 
but these mitigation efforts could 
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• Provides both terrestrial and 
marine layers for natural capital 
hotspots. 

• Offers an indication of how 
business may be exposed to 
accelerating environmental change 
through a search function of direct 
potential dependencies and 
impacts of production processes 
on ecosystem services and natural 
capital assets. 

be captured in individual risk 
assessments by financial 
institutions or businesses. 

Integrated 
Valuation of 
Ecosystem 

Services and 
Tradeoffs 
(InVEST) 

• Maps and values goods and 
services from nature relevant to 
economies and culture. Examines 
how changes in ecosystem goods 
and services affect other 
parameters, such as water and 
agricultural yield, carbon 
sequestration, and biodiversity. 

• Very simple to use the application. 
• Free. 
• 20+ different ecosystem service 

models to choose from 
• Detailed and open-source 

methodology and software 

• Requires GIS mapping skills. 
GIS data can be very limited in 
certain regions. 

• There are limitations to some of 
these models’ applications, such 
as the fact that the default 
pollination model is 
recommended to not be used for 
economic analyses. 

• Lots of effort may be required to 
prepare datasets for input into 
the software: may require expert 
knowledge/consultation to input 
some of the assumptions for 
datasets. 

 
Table 3: Pros and Cons of Selected Frameworks 

 
While all studies, frameworks and tools provide useful insights in terms of BES valuation 

and risk assessment, we recommend that Ortec Finance focuses on the Swiss Re BES Index as 
well as the ENCORE tool since 1) the BES Index was developed based on economic sector 
information from ENCORE, 2) they provide interactive panels that allow users to explore 
different scenarios in different ecosystems, sectors, or countries, and 3) both have a global data 
coverage of a certain number of countries that can help Ortec Finance better serve clients from 
all over the world. 
 

VI. Conclusion 

 The assessment of ecosystem services and their potential impact on an economy, both 
local and global, is a growing area of interest. Though it began as an academic concern, society 
is beginning to witness the effects climate change has on civilization and the economy and 
financial system. The realization that climate change can have very real impacts on the 
prosperity of human wellbeing and economic interests has been met with an outpouring of 
valuation techniques.  
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 The process of valuing economic risks based on the loss of ecosystem services requires 
diligent econometric modeling and a strong database to draw support. Though tools have been 
developed to help specific entities attempt their own valuation of these services, much of the 
information in this space is collected from few well-regarded resources offering a global 
perspective on the range and scope of impacts.  
 
 The consensus from these sources identifies agriculture, raw material mining, and 
manufacturing as having the highest risk potential from the loss of ecosystem services. The 
process of identifying degrees of risk for specific cases will require undergoing rigorous 
modeling using either a uniquely formed framework or one of the methodologies under 
development by other entities. As Ortec Finance operates globally, a list of eight key countries 
(Brazil, Canada, China, Europe, India, Japan, United Kingdom (UK) and United States (US)) 
were assessed, with China and India’s GDPs demonstrating a ‘high’ dependency of ecosystem 
services and Brazil’s reflecting a ‘moderate’ dependency. Again, however, a more specific 
analysis of a country’s risk would require more advanced modeling and for the ease of this 
analysis key sectors or ecosystem services of interest should be identified.  
 

Should Ortec Finance wish to incorporate these modeling techniques into their Climate 
Maps tool or any other analysis tool in development they should consider the scope of the 
information required and what is necessary for their assessment. General equilibrium models and 
the analysis performed in work such as the World Bank report should be the desired pinnacle of 
analysis as it provides the most accurate and robust assessment of these impacts. However, 
because that type of report is not easily replicated, we recommend Ortec Finance look towards 
Swiss Re and ENCORE. Ortec Finance will easily be able to incorporate both frameworks into 
their own and the results still provide insight into the economic response to losing ecosystem 
services.  
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Partial Ecosystem-Service Collapse Graphs
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 32 

VIII. References 

• “Biodiversity and Ecosystems Services Index: Measuring the Value of Nature | Swiss 
Re.” https://www.swissre.com/institute/research/topics-and-risk-dialogues/climate-and-
natural-catastrophe-risk/expertise-publication-biodiversity-and-ecosystems-services.html. 

• Costanza, R., Folke, C., 1997. Valuing Ecosystem Services with Efficiency, Fairness, and    
Sustainability as Goals. Nature’s Services: Societal Dependence on Natural Ecosystems. 
G. C. Daily. Washington D.C., Island Press: 49–69. 

• Costanza, R.,  Groot, R., Braat, L., Fioramonti, L., Sutton, P., Farber, S., Grasso, M., 
2017. Twenty years of ecosystem services: How far have we come and how far do we 
still need to go?. Ecosystem Services. 28. 1-16. 10.1016/j.ecoser.2017.09.008. 
https://www.sciencedirect.com/science/article/abs/pii/S2212041617304060. 

• Food and Agriculture Organization of the United Nations, 2021. Ecosystem Services & 
Biodiversity (ESB). FAO. http://www.fao.org/ecosystem-services-biodiversity/en/. 

• Johnson, Justin Andrew, Giovanni Ruta, and Uris Baldos. “E Economic Case for 
Nature,” n.d., 183. 

• Kurth, T., Wübbels, G., Portafaix, A., Felde, A., Zielcke, S., 2021. The Biodiversity 
Crisis is a Business Crisis. Boston Consulting Group. https://web-
assets.bcg.com/fb/5e/74af5531468e9c1d4dd5c9fc0bd7/bcg-the-biodiversity-crisis-is-a-
business-crisis-mar-2021-rr.pdf. 

• Millennium Ecosystem Assessment (MEA)., 2005. Ecosystems and Human Well-Being: 
Synthesis. Island Press. 
https://www.millenniumassessment.org/documents/document.356.aspx.pdf. 

• Principles for Responsible Investment, 2020. Investor Action on Biodiversity: Discussion 
Paper. PRI Association. https://www.unpri.org/download?ac=11357. 

• Swiss Re Institute, 2020. Biodiversity and Ecosystem Services: A Business Case for 
Re/insurance. Swiss Reinsurance Company Ltd. 
https://www.swissre.com/dam/jcr:a7fe3dca-c4d6-403b-961c-9fab1b2f0455/swiss-re-
institute-expertise-publication-biodiversity-and-ecosystem-services.pdf. 

• World Economic Forum, PwC, 2020. Nature Risk Rising: Why the Crisis Engulfing 
Nature Matters for Business and the Economy. World Economic Forum. 
http://www3.weforum.org/docs/WEF_New_Nature_Economy_Report_2020.pdf. 

• Mainstreaming of Biodiversity in the Energy and Mining Sector. UNEP Convention on 
Biological Diversity, 9 July 2018, 
https://www.cbd.int/doc/c/278a/e222/7deeb28863d046c875885315/sbi-02-04-add3-
en.pdf.    

• Ecosystem services costs of metal mining and pressures on biomes. The Extractive 
industries and Sociaty 7(1). 2019. 
https://www.researchgate.net/publication/338145611_Ecosystem_services_costs_of_met
al_mining_and_pressures_on_biomes  

• A global-scale data set of mining areas. Scientific Data 7. 2020. 
https://www.nature.com/articles/s41597-020-00624-w  

• “Mainstreaming biodiversity in the manufacturing and processing sector”. UNEP 
Convention on Biological Dviersity, 2018. 
https://www.cbd.int/doc/c/bf4d/fa0a/ded758240f467bcced901f9f/sbi-02-inf-31-en.pdf 



 33 

• “A new method for analyzing sustainability performance of global supply chains and its 
application to material resources”. Science of the Total Environment. 2019. 
https://www.sciencedirect.com/science/article/pii/S0048969719319850?via%3Dihub#f00
25   

• Bianco, Michael, Jenny Cooper, and Michelle Fournier. “Honey Bee Population Decline 
in Michigan: Causes, Consequences, and Responses to Protect the State’s Agriculture and 
Food System” 11 (2014): 23. 

• “Biodiversity and Ecosystems Services Index: Measuring the Value of Nature | Swiss 
Re.” Accessed February 21, 2022. https://www.swissre.com/institute/research/topics-and-
risk-dialogues/climate-and-natural-catastrophe-risk/expertise-publication-biodiversity-
and-ecosystems-services.html. 

• Hanley, Nick, Tom D. Breeze, Ciaran Ellis, and David Goulson. “Measuring the 
Economic Value of Pollination Services: Principles, Evidence and Knowledge Gaps.” 
Ecosystem Services 14 (2015): 124–32. 

• Johnson, Justin Andrew, Giovanni Ruta, and Uris Baldos. “E Economic Case for 
Nature,” n.d., 183. 

• Jordan, Alex, Harland M. Patch, Christina M. Grozinger, and Vikas Khanna. “Economic 
Dependence and Vulnerability of United States Agricultural Sector on Insect-Mediated 
Pollination Service.” Environmental Science & Technology 55, no. 4 (February 16, 
2021): 2243–53. https://doi.org/10.1021/acs.est.0c04786. 

• Porfirio, Luciana L., David Newth, John J. Finnigan, and Yiyong Cai. “Economic Shifts 
in Agricultural Production and Trade Due to Climate Change.” Palgrave 
Communications 4, no. 1 (September 4, 2018): 1–9. https://doi.org/10.1057/s41599-018-
0164-y. 

• SVS, NASA’s. “SVS: Impact of Climate Change on Global Agricultural Yields,” March 
2, 2022. https://svs.gsfc.nasa.gov/4974. 

• Swinton, Scott M., Frank Lupi, G. Philip Robertson, and Stephen K. Hamilton. 
“Ecosystem Services and Agriculture: Cultivating Agricultural Ecosystems for Diverse 
Benefits.” Ecological Economics, Special Section - Ecosystem Services and Agriculture, 
64, no. 2 (December 15, 2007): 245–52. https://doi.org/10.1016/j.ecolecon.2007.09.020. 

• Bezner Kerr, Rachel, Toshihiro Hasegawa, and Rodel Lasco. “IPCC WGII Sixth 
Assessment Report.” IPCC, October 1, 2021. 
 
 


