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Foreword

The impacts of the climate crisis are intensifying rapidly and the scope 
and scale of the response has not matched the challenge to date.  Building 
resilience and enhancing productivity while ensuring the sector is on a low 
emissions development pathway is not an easy task in the agriculture sector 
as while there are many possible synergies, there are also potential tradeoffs 
that can put food security or livelihoods at risk.  

There is great urgency to make effective decisions and investments, and 
stakeholders need better decision-making support tools that help them 
understand the impacts – intended and unintended – of the actions they 
take on environmental, productive, and socio-economic variables.  These 
decisions are becoming increasingly complex.   
Limited time and resources make it possible test every possible response measure on the ground in different 
agro-ecological contexts around the Caribbean. Different packages of policies, practices and technologies will 
lead to varying results, with specific groups of farmers being impacted differently.  There is no time to waste, 
so how can we make informed decisions about the most effective way forward, and ensure that we facilitate 
a just transition?

That is where approaches like the one presented in this document come in.  Understanding the challenges 
decision makers face, IICA has been working for many years with partners from the Agricultural Model 
Intercomparison and Improvement Project (AgMIP) to enhance the awareness of the potential of this approach 
in Latin America and the Caribbean and to build capacity for its implementation.  

We are pleased to present this work – a first effort at applying a part of AgMIP´s rigorous approach in the 
Caribbean context, with a focus on applying the  Tradeoff Analysis for Multi-Dimensional Impact Assessment 
Model (TOA-MD).  There are still challenges to overcome before the region can fully capitalize on the power of 
the TOA-MD and before the complete AgMIP approach can be fully implemented but this pilot study provides 
a strong base on which future efforts can build to provide robust, contextualized information for decision 
makers from the farm to regional levels. 

Kelly Witkowski
Agricultural Climate Action and Sustainability Program Manager 
Inter-American Institute for Cooperation on Agriculture
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1. Introduction
The GCF-Readiness Project, “Strengthening the Foundation for a Climate Responsive Sector in the Caribbean” 
(CARICOM AgREADY Project), seeks to raise the profile of the agricultural sector in GCF’s climate financing 
prioritization processes by implementing an evidence-based and intersectoral strategy for developing and 
rebranding Caribbean agriculture as “low-emission”, in order to enhance market opportunities and attract 
private sector investments. The project logic is premised on a vision of developing “a climate responsive 
agricultural sector in the Caribbean that supports food security, livelihoods, and uses natural resources 
sustainably” by addressing barriers of ineffective mechanisms and engaging  with agricultural experts and 
stakeholders in GCF climate programming processes, regarding  policy gaps and limited or fragmented data 
and information  applied to climate-risk planning, programming, and action in the sector.

A key component of the project is to strengthen the capacity to use data and tools to produce evidence-based 
information to support decision-making and position the agricultural sector as a high priority in climate 
investment planning. The Tradeoffs Analysis team at Oregon State University was tasked to develop a proof-
of-concept “Pilot Study” using the Tradeoff Analysis for Multi-Dimensional Impact Assessment Model (TOA-
MD) and the Agricultural Model Intercomparison and Improvement Project (AgMIP) approach for regional 
integrated assessments of impacts of climate change, adaptation, and mitigation on  the agricultural sector.

The objective of this Pilot Study is to demonstrate how a novel stakeholder-driven, multi-disciplinary 
methodology to assess impacts of climate change and adaptation on environmental, social, and economic 
outcomes can provide key information to support policy decision-making and contribute with evidence-based 
data to the NAPs and NDCs development processes and other climate and agricultural development policies.

The analysis presented in the three case studies uses available data to characterize agricultural production 
systems and a set of assumptions based on secondary information and expert opinion in relation to the 
potential impacts of climate change and adaptation strategies. A full implementation of this approach would 
require climate, crop and livestock modeling and availability of adequate data to implement these models. The 
3 case studies used in this project are:

Sugarcane production in Belize: The potential impacts of CC and adaptation strategy on farm income, 
per-capita income, and poverty rates for 2 sugarcane producing regions in Belize were analyzed using 
data available for a 7 year-cycle of sugarcane production (year 1 as establishment of the crop and years 
2-6 ratoon years). Farms were categorized as micro, small and medium size, based on their production 
levels. The adaptation strategy is based on implementing climate-smart practices.

Tomato-Pepper production in Trinidad and Tobago: Impacts of climate change and adaptation were 
assessed regarding  the tomato and chili pepper production on smallholder farms. This analysis includes 
the use of data collected for a master thesis and secondary information from different sources to obtain 
a closer characterization of the tomato-pepper farming system. The adaptation strategy is based on 
improved crop varieties and management.
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Cassava production in Guyana: This case study focuses only on cassava as a commodity. Due to 
the lack of  whole-farm and household data available  to represent the farming system, the results 
cannot produce outcomes such as poverty rates.  The adaptation strategy is based on implementation of 
integrated pest management and improved cultivars.

The next section of this report discusses the challenges that the Caribbean agricultural sector faces regarding 
climate change and highlights the need to use data and tools that can inform stakeholders about the likely 
impacts of climate change. It also shows how proposed adaptation and mitigation strategies can benefit farmers 
and the environment. Section 3 briefly describes the TOA-MD model and the AGMIP’s Regional Integrated 
Assessment (RIA) key features.  Sections 4-6 focus on each case study and describe current conditions and 
challenges posed by climate change and their likely impacts on the production systems that are the focus 
of this study (i.e., sugarcane in Belize, tomato and pepper in Trinidad and Tobago, and cassava in Guyana). 
These sections also describe the data used and the adaptation packages tested for each case study. Section 7 
presents the results of the study. First, the TOA-MD model parameterization is briefly described. Then, results 
are presented by comparing the different outcomes across the different countries, production systems using 
disaggregated (by strata) and aggregated results (by country). Section 8 presents a set of conclusions and 
discusses a way forward by discussing elements that should be included in a full project. An Appendix section 
includes figures and tables of results for each case study. The last section lists a set of references used in this 
report.
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2. Background
According to the World Meteorological Organization (2022) report, the global annual mean temperature in 
2021 was 1.11±0.13 °C above the 1850–1900 pre-industrial average. The years 2015 to 2021 were considered the 
seven warmest years on record; with 2016, which started during a strong El Niño, remaining the warmest year 
yet recorded (WMO 2022). Recent years have been cooler than 2016, with La Niña conditions at the beginning 
and end of each year. Despite the moderate La Niña effects, the warming trend also continued in 2021 in Latin 
America and the Caribbean region. The average rate at which temperatures increased was around 0.2 °C per 
decade between 1991 and 2021, compared to 0.1 °C per decade between 1961 and 1990 (WMO 2022). Regarding  
rainfall, most of the region recorded below-normal patterns. However, Central America and the Caribbean 
experienced extreme precipitation and subsequent flooding events associated with tropical cyclones.

Small Island Developing States (SIDS) are a special case as they all have similar characteristics and face common 
environmental, natural resource and development issues which can be exacerbated by climate change. The 
region is particularly vulnerable to droughts. The recurring drought events that the region has experienced 
over the past several years have caused significant distress to the  population and damage to the economy. 
Historical data and future projections indicate that there is a declining trend in rainfall during the summer 
months (June-August) and this will continue in coming decades (Figures 1 and 2). Rising  heat extremes, heat 
stress, and its corresponding  higher evapotranspiration will cause increased aridity and severe agricultural 
and ecological droughts in the region (Maharaj et al., 2022; IPPC, 2022).

Figure 1. Change in monthly average precipitation relative to 1995-2014 for the Caribbean under increasing warming 
levels, ensemble of 28 models, SSP3-7.0. IPCC, 2022
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Figure 2. Left: Projected changes in number of days with daily maximum temperatures over 35oC based on CMIP6 
using SSP5 8.5 scenario. Right: Projected changes in annual mean temperature and annual total precipitation, results 

are based on simulations from the CMIP6 multi-model ensemble (32 global climate models) using the SSP5-8.5 scenario 
to compute the warming levels.  Global warming levels at 1.5°C, 2°C, and 4°C (in rows) are relative to 1850–1900. 

IPCC Interactive Atlas (https://interactive-atlas.ipcc.ch/)

According to the Food and Agriculture Organization (FAO 2022), the Caribbean region accounts for seven of 
the world’s top 36 water-stressed countries, as water-scarce with less than 1,000 m3 freshwater resources per 
capita. With droughts becoming more frequent in the Caribbean, agriculture is likely to be seriously impacted, 
since most of the cropping systems are rainfed. Livestock is also likely to be affected by a shortage of forage 
and water, leading to negative socioeconomic impacts due to reduced crop and livestock production. The 
ongoing shift to irrigation to cope with drought will increase demand on the countries’ limited fresh-water 
supply. (WMO 2022).

While there is relatively high confidence regarding  the likely temperature and precipitation changes, there is 
less certainty about the  potential impacts on SIDS’ agricultural systems. One of the main reasons for this is the 
limited evidence (e.g., studies) that exists in the region about how climate change may impact crop yields and 
farmers’ livelihoods (Figure 3).
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Figure 3. Observed and projected impacts from climate change in the water cycle for human managed systems and crop 
yield productivity. Boxes highlight conditions for Central and South America and SIDS

Countries are currently in the process of developing their National Adaptation Plans (NAPs) and Nationally 
Determined Contributions (NDCs) aimed at meeting their commitments within the Paris agreement and other 
international commitments. However, most of the proposed plans and interventions have insufficient science-
based evidence to enable a robust understanding of the potential bio-physical, environmental, and socio-
economic impacts of climate change and adaptation/mitigation strategies (Witkowski et al.,2021; Witkowski 
and Medina, 2016). It is necessary to use modeling tools and approaches that can provide science-based 
information to stakeholders about the likely impacts of climate change, adaptation, and mitigation strategies 
under current and future conditions. In addition, understanding the potential tradeoffs and co-benefits of 
proposed adaptation and mitigation options is key to support planning efforts and priority setting for climate 
action (Valdivia et al., 2019; Witkowski et al., 2021).
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3. AgMIP RIA Approach and TOA-MD
AgMIP has developed a transdisciplinary, multi-scale methodology for Regional Integrated Assessment (RIA) 
of agricultural systems (Antle et al., 2015; Rosenzweig et al., 2021). The approach begins with collaboration 
between scientists and stakeholders to identify key economic, environmental, and social indicators of system 
performance. It then  links climate, crop, livestock and economic data and models to design and implement 
scenario analysis supported by quantitative modeling of the farming system. Representative Agricultural 
Pathways (RAPs) play a central role in this methodology. RAPs are qualitative storylines that can be translated 
into model parameters (scenarios) such as farm and household size, prices and cost of production, and policy 
parameters (Valdivia et al, 2015; 2021). RIA methods are used to implement simulation experiments to evaluate 
climate change impact, technology adoption and policy interventions.

AgMIP regional research teams in Africa and South Asia are using the Tradeoff Analysis model for Multi-
Dimensional Impact Assessment (TOA-MD, Antle and Valdivia, 2022) to implement the economic analysis 
component of the AgMIP RIA methodology. The TOA-MD model is a, generic model for the analysis of 
technology adoption, impact assessment, and ecosystem services. The economic model is parameterized with 
data from the quantified development pathway analysis, outputs of crop and livestock models,  farm surveys 
collected by project partners and national projects, and is supplemented with secondary national data.

Figure 4. AgMIP’s Regional Integrated Assessment: A stakeholder-driven approach to customize Adaptation & 
Mitigation Action (Valdivia et al., 2019)

The tradeoff analysis integrates data from climate, crops and livestock, and ways  to assess the sustainability of 
development pathways, technologies (e.g., adaptation and mitigation strategies) and policies.  It also examines  
the impacts of climate change by evaluating the inter-relationships (both tradeoffs and synergies) among 
economic indicators (farm income, poverty rates), environmental indicators (e.g., GHG emissions), and social 
indicators (food security and gender).
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The TOA-MD simulates impacts that are statistically associated with adoption, using the standard statistical 
framework for econometric policy evaluation in which economic “agents” – in our context, farms – self-select 
into “treatment”, i.e., choose to adopt or not adopt. The model can be used to estimate the so-called “treatment 
effects” or the impacts associated with technology adoption. The impacts of climate change estimated by the 
TOA-MD model are the “treatment effects” of climate change. TOA-MD provides the capability to go beyond the 
analysis of averaged or aggregated data, by representing the distribution of economic, environmental, and social 
outcomes in heterogeneous populations of farm households. When used for climate impact assessment, the TOA-
MD model can be used to show how the distributions of outcomes are affected by climate and by adaptations 
farmers may undertake in response to climate change.

The TOA-MD represents the whole farm production system (i.e., includes crops, livestock and aquaculture sub-
system, and the farm household characteristics). The TOA-MD is a model of a farm population, not a model of 
an individual or “representative” farm. Accordingly, the fundamental parameters of the model are population 
statistics – means, variances and correlations of the economic variables in the models and the associated outcome 
variables of interest. With suitable bio-physical and economic data, these statistical parameters can be estimated 
for current systems. Using the methods described in the AgMIP Regional Integrated Assessment Handbook 
(www.agmip.org), one can estimate how the TOA-MD model parameters would change in response to climate 
change or technological adaptations. These changes in model parameters are the basis for the climate impact, 
vulnerability and adaptation analysis used in this Pilot Study.

In the TOA-MD model, it is possible to simulate perennial or multi-year production crops like sugarcane. The 
analysis is based on annuitized net returns derived from the present value of returns to the production activity 
over the period of years.  The net returns are then interpreted as the average or annuitized. These annuitized 
values are estimated for systems 1 and 2 and entered in the TOA-MD (see Antle and Valdivia, 2022 for more 
details). This approach was used to estimate parameters for the sugarcane case study in Belize, described 
below.

Figure 5. Tradeoffs Analysis Model: Landscape-scale technology adoption, environmental impacts, and ecosystem 
services (Antle and Valdivia, 2022)
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4. Case Study: Sugarcane Production in Belize
Belize is located on the mainland of Central America between 15°45’and 18°30’ north latitude and 87°30’ and 
89°15’ west longitude. The country is bordered by Mexico to the North, Guatemala to the West and South, and 
the Caribbean Sea to the East.

Mean temperature in Belize ranges from 27°C (max - 30.1°C, min 22.6°C) along the coast to 21°C (max - 25.3°C, 
min - 17.7°C) in the hills; the coldest month being January and the warmest temperatures experienced in May. 
Alternatively, the rainy or hurricane season occurs from June to November and brings approximately 60 inches 
(1524 mm) of rainfall in the north to 160 inches (4064 mm) in the south (NCCO, 2016).

Many low-lying coastal nations such as Belize are vulnerable to the impacts of climate variability and change. 
These are often seen in the form of increasing frequency and intensity of low-pressure systems such as storms 
and hurricanes alongside associated drought and flood events, while others in the rise of mean sea level 
and of average sea and land temperatures. Moreover, these changes are accompanied by intra/inter-annual 
variability,  producing erratic and unpredictable weather that adversely affects the lives and livelihoods of 
many local communities.

The Government of Belize has made efforts to mainstream climate change action throughout  the agriculture 
sector and has continuously recognized that farming systems and practices are extremely vulnerable to the 
impacts of climate variability and change. Thus, it is important to stress the fact  that crops of economic 
importance in Belize such as sugarcane will be adversely affected by warmer weather from high temperatures 
along with flooding, saline intrusion, and soil salinization leading to low agricultural yields.

Notwithstanding, agriculture continues to be amongst the sectors most affected by climate change. This 
presents a significant risk to Belize’s development efforts, as agriculture contributes to 10% of the country GDP 
(SIB, 2017). This sector is primarily dependent on traditional export crops and by-products such as sugarcane, 
citrus and bananas. Together these   currently account for 60% of all agricultural earnings, of which sugar 
makes up  25.6% (SIB, 2017).

In Belize, sugarcane is grown in the Corozal and Orange Walk districts covering over 2,508 sq. miles 
(approximately 70,000 acres under production) and is the largest productive sector in the Belizean economy, 
representing 5% of GDP. This represents some 5,200 small farmers over 53 rural communities (29 in Corozal 
and 24 in Orange Walk) and accounts for 15.3% of total direct employment in northern Belize, making it a pillar 
of the Belizean economy (SIB 2017). According to the Sugar Industry Research and Development Institute 
(SIRDI, 2020), 60% of sugarcane farmers are male and 40% are female. Annual exports of sugar have increased 
from around 80,000 tons before 2010 to over 200,000 metric tons in 2019-2020 making it the largest foreign 
exchange source of income  for Belize.

However, the sustainability of the industry is at risk due to the changes in climate during the past years. The 
increase in drought and flood incidence has led to decreasing yields due to crop loss, decreasing soil fertility, 
an increase in weeds, and the occurrence of new pests and diseases in sugarcane plants. In particular, the 
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small farmers of the sugarcane belt in Northern Belize continue to experience a significant decline in crop 
yields due to extended periods of below average rainfall, such as in 2019, coupled with other periods of heavy 
rainfall over a short period of time. This situation leads to an increase in crop pests, associated diseases, and 
evapotranspiration rates, thus reducing soil moisture and eventually leading to reduced productivity and crop 
loss. Furthermore, these challenges have a cascading effect, as they then result in further constraints regarding 
water availability for irrigation and soil infertility. Climate change is likely to exacerbate these conditions with 
negative effects on farmers’ livelihoods.

4.1	 Data
The information and data used for the 
development of the case study is from the 
base line study of the IDB-IMF funded project 
“Creating a sustainable sugar cane industry in 
northern Belize” of 2017 and complemented 
with updated data from the sugar industry in 
Belize in 2022. The objective was to conduct a 
complete baseline assessment of the farmers’ 
field operations, including yields and financial 
data in a strategic production category.

A representative sample of 871 farmers (16% of 
the target population) was analyzed via multiple 
levels of stratification. Firstly, at the district 
level in an attempt to represent  each district  
proportionally . Other levels of stratification 
were done according to  producer size based on 
sugarcane delivery statistics  during the crop 
season: large producers (≥ 1,000 ton), medium 
producers (301 to 1000 tons), small producers 
(75 to 300 tons), and micro producers (≤ 75 
tons).

Figure 6. Belize’s sugarcane case study sites: Orange Walk 
and Corozal districts

TOLEDO

CAYO

STANN CREEK

ORANGE WALK

BELIZE

COROZAL

The household survey included basic information such as demographics, productivity, cost of production, 
farmers’ attitudes and their knowledge of technology. For the present study, only micro-, small- and medium-
scale  farmers were considered since they make up more than 90 percent of the total sugarcane farmers in 
the studied area. Data (e.g., production costs) on other cropping activities on the farm were not available. 
Thus, farms that had more than 75% of the land allocated to sugarcane were included in the analysis. Given 
their small  size, these farms can be treated as monoculture farms since their  income from other agricultural 
activities is minimal.

The sugar industry is the main economic driver in the  region being studied since it plays a vital socio-
economic role for the surrounding communities. 77% of sugarcane growers are small-scale farmers who deliver 
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volumes of less than 200 tons of cane per cycle and with an estimated average yield of 44 t ha−1 (De León and 
González 2011). These yields are much lower than the regional and world averages of 74.2 t ha−1 and 70.9 t ha−1 
respectively. According to Chi et. al (2017), the sugarcane industry in Belize utilizes inappropriate production 
technologies which lead to soil degradation, environmental deterioration, and nutritional imbalances, further 
compromising the sustainability of the industry. Therefore, it is necessary to identify the best farming practices 
for increasing soil fertility to improve yields and for minimizing negative impacts on the environment.

The livelihoods of most micro-, small- and medium-scale farmers within the northern sugar belt in Belize where 
the only sugar factory is located, are largely dependent on the cultivation of sugarcane.  Farmers who cultivate 
sugarcane in these communities face the challenges of declining sugarcane yields and soil degradation, which 
has resulted primarily from decades of a sugarcane monoculture cropping system, along with inadequate 
management practices.

Sugarcane production in Belize is a monoculture practice with an average cycle of seven harvests, and in some 
cases  continuing for  up to more than 20 years before the fields are fallowed. This continuous cropping system 
often ignores long-term effects on soil fertility as long as profitable yields are maintained (Dominy et al. 2001). 
However, this system has profound negative effects on organic matter, total nitrogen and cation exchange 
capacity of the soil in the area (Chi et al. 2017). During the first years of establishment high yields are obtained.   
However, during the fourth and successive years production declines.

The sugarcane production technology currently used in Belize is typified as low-technology due to limited 
availability of inputs for production, and  poor land preparation practice, and crop maintenance. The amount 
of  cultivating which takes place  on cane fields after the  harvesting plant cane and ratoon cycles end is low, 
due to the lack of machinery and finance accessible to producers.

Crop establishment starts in the first year of planting with the selection of the site, preferably on high ground 
and without drainage problems. The present production system consists of  a minimum renewal of the field, 
with year one as the establishment and years 2-7 as ratoon years. If land is not fallowed, a new 7-year crop 
cycle continues. Traditionally, sugarcane farmers use the variety B79-474, and seeds are usually obtained from 
any ratoon field and not from seed nurseries.

Weed control activity in sugarcane fields is either partially mechanized on the surface or achieved through the 
application of herbicides, or by utilizing both methods. The most common pests (e.g., froghopper, sugarcane 
borer and mealy bug) that affect the crop are usually only partially controlled. This activity is conducted when 
pests are already problematic for the crop and not as a preventive measure. The harvesting is semi-mechanized 
(manual cutting and mechanical lifting), with a previous burning of the area to remove the straw. The cost 
of harvesting and its delivery to the mill represents the highest cost for the producer. Post-harvest losses 
attributed to handling of cane from cutting to grinding is about 11.5%.

The practice of burning fields and post-harvest waste has been deeply rooted in the Belizean cane field for 
many years. It is argued that severe problems of fires or accidental burning can occur, thus promoting pest 
and disease incidence. Fertilizer and herbicide applications are conducted manually and semi-mechanically by 
75% and 45% of the producers respectively, immediately after harvesting.
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4.2	 Adapting to Climate Change
Belize’s sugarcane production challenges described above suggest that the need exists to improve soil and 
crop management practices of small farmers with the goal of sustainably producing sugarcane under changing 
climate conditions. Recent studies recommend the adoption of climate-smart and conservation agriculture 
technologies to transform sugarcane production into a more resilient system.

The use of organic residue from sugarcane manufacturing can conserve and improve the chemical, physical 
and biological properties of soil, thus enhancing crop quality and yield. It can also favor humidity retention. 
Microorganism’s activation improves soil texture and contributes to the conservation of natural resources 
by recycling carbon and mineral elements (Prado et al. 2013). The elimination of burning and green cane 
harvesting is another viable option, which would have a positive impact on soil fertility, the environment, and 
improve yields; as well as provide mitigation co-benefits as land management techniques would  improve the 
sequestration capacity in soils with the reduced burning of organic waste.

The fertilization of fields with mineral fertilizer should be conducted according to a scientific rationale after a 
soil analysis has been performed to determine the exact amount that the crop requires. Also, the application 
time needs to be observed to maximize absorption by the plant during its critical growth period. Microdosing 
is recommended to minimize loss through volatilization and maximize absorption.

Moreover, also important is the use of improved and climate-resilient sugarcane varieties which will tolerate 
droughts and floods along with climate-induced pests and diseases. An integrated pest management approach 
that includes cultural practices and biological control agents, would reduce dependency on chemicals and 
lower  production costs in the medium and long terms, as well as decrease negative impacts on the environment 
(e.g., reduce GHG emissions).

4.2.1	 Climate-Smart Agriculture Technology
The recommended climate-smart production practices described below are aimed at moving towards a 
sugarcane production in Belize that is more efficient while improving the adaptive capacity of small farmers 
to face climate change and reduce the carbon footprint of the industry.

It is recommended that sugarcane be planted every 5-7 years depending on crop vigor and soil condition. 
Planting is considered  one of the most significant operational activities undertaken on the field. To plant, the 
old field must be prepared and clean seeds need to be planted in a seedbed with sufficient available moisture 
to ensure germination. The replanting and subsequent ratoon management of fields using a larger number 
of sugarcane varieties which are better adapted to the Belize current and projected climatic conditions would 
help in improving yields. The reliance of the industry on one or few varieties without taking climate change 
into account makes the industry vulnerable.

An expanded variety pool in the industry with some early, some mid and some late- maturing varieties in 
balance, will not only improve quality and productivity but will also allow the grinding season to be better 
managed to avoid periods of high rainfall. It will also ensure that if new pests and diseases become prevalent 
as a result of climate change as is predicted, then the risk of this event will be spread.
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Green cane harvesting will lead to a reduction in the greenhouse gas emissions from the cane farming 
operations. The pre-harvest burning of sugarcane is one of the most sensitive environmental issues faced by 
cane growers. In addition to releasing CO2, sugarcane burning also results in acidic fine particle emission, 
which has a negative impact on air quality and human health (Allen et al., 2004). Green cane harvesting lowers 
the negative impact on nearby communities and environments close to sugarcane fields (Shaochun Ma et al. 
2013). The soil chemical fertility under the sugarcane without burning is greatly improved, thus allowing 
higher yields (Souza et al.,  2012). The application of organic soil matter through organic material amendments 
(vinasse/organic acids) and microbiology augmentation by means of biofertilizer (i.e., beneficial organisms) 
as soil management practices, will allow for the conservation of soil moisture and nutrient loss. This is very 
important for the management and improvement of soil health and fertility and to avert the negative effects 
of climate change.

The increased use of irrigation and drainage technology is needed to mitigate the impacts of changing and 
erratic rainfall patterns that may cause moisture stress or flooding, inhibiting plant growth and production. 
Irrigation and drainage as tools to modify the growing environment in sugarcane are technologies that are 
used in many regions of the world and will have a positive impact on  Belize’s sugar industry. However, 
strategies that include these technologies need to consider the associated costs of implementing the technology 
and how adoption rates may be impacted.

In this pilot study an adaptation package that includes the adoption of improved crop varieties and soil 
conservation practices that improve soil nutrients, and the use of organic fertilizer and bio-fertilizer (CSA) was 
tested. Microdosing and irrigation and drainage management are also included in the adaptation package. 
Initial investment can be a burden to farmers, in particular to smallholder farms. Therefore, a sensitivity 
analysis of fixed costs was conducted. First it was assumed that farmers bear all fixed costs. A second scenario 
assumed that microfarms receive support (e.g., subsidy) covering 50% of the investment (small- and medium-
sized farms have 100% covered). The third scenario assumed that in addition to the support provided to micro 
farms, small- and medium-sized farms would  also receive a 25% subsidy to cover their fixed costs.
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5. Case Study: Tomato-pepper Systems in 
Trinidad and Tobago

The agricultural sector in Small Island Developing States (SIDS) is likely to be adversely affected by climate 
change and variability. Farmers must cope with changes that occur from one year to the next (climate variability) 
and with long-term warmer and drier weather trends (climate change).

Like many other SIDS in the Caribbean, Trinidad and Tobago’s ability to feed itself  is threatened by low 
resiliency to these impacts. The country is vulnerable to the rise in sea levels, increased flooding,  higher  
unpredictability of weather conditions, hillside erosion, and the loss of coastal habitats. Although the country 
is located south of the hurricane belt and is least affected by hurricanes and tropical storm surges as compared 
to the other Caribbean archipelago counterparts. The twin island is severely affected by climate change 
because of its small land mass, fragile ecosystems, and concentration of infrastructure along the coast. Climate 
change models predict a temperature increase and decrease in rainfall concurrently for the coming decades 
(Eitzinger et al. 2015). This suggests an increase in the risk of natural hazards, which can significantly affect 
agricultural practices and already affects vulnerable rural livelihoods in Trinidad and Tobago.  Many farmers 
have reported many losses directly linked to flood surges, loss of soil productivity, increased proliferation of 
new and existing pests and diseases, and increased demand for water for irrigation purposes. These threats 
to agriculture are of major concern to the country as the nation is currently trying to improve its economic 
conditions.

Trinidad and Tobago’s agricultural sector contributes only  0.5% to Trinidad and Tobago’s Gross Domestic 
Product (GDP). It accounts for over 4% of employment and is now considered to play  an important role in the 
country’s attempt for diversification of the economy (Shik et al. 2018). Currently, only 10.5% of the total land 
area is categorized as agricultural land, and the country is highly dependent on food imports. Fruits (65%), 
vegetables (17%), roots and tubers (8%), and cereals (7%) are the main crops produced (Eitzinger et al. 2015).

Recently, the government has focused its resources on assisting in the areas of training and farm development. 
Several programs are currently being implemented to expand agricultural production and to promote linkages 
with the manufacturing sector. The government is considering agro-incentives such as tax holidays, agriculture 
development grants and other incentives to agricultural processing industries to boost economic activity and 
industrial reformation. Trinidad and Tobago is one of the Caribbean nations which is most dependent  on 
foreign food imports, and it has only recently placed a high priority on agriculture as an engine for economic 
growth and sustainability. However, investments in the sector are at risk if climate-smart agricultural practices 
are not mainstreamed across all sections of the agricultural value and supply chain.

5.1	 Data
The data used in this case study is based on tomato and pepper farmers that are registered on the National 
Agricultural Marketing and Development Corporation (NAMDEVCO) and located in the vicinity of both the 
northern and southern regions of Trinidad that are considered the breadbasket of the island with respect to 
tomato and hot pepper production (Figure 7).  An interview schedule was administered within the first crop 
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cycle (during January to April 2018) to collect information on the socio-economic profile of farmers, farming 
practices adopted, and  cost and returns involved in tomato and hot pepper cultivation. Detailed questions 
were included to appropriately calculate the cost of production and resource use efficiency. Most of the sampled 
respondents did not maintain records relevant to input use and cost of production. Consequently, they had to 
recall the past and current  information required. Suitable cross-checks were carried out to minimize the non-
sampling errors arising due to recall bias and to ensure the reliability of the information collected. The data 
was stratified as tomato farms in the northern and southern regions and pepper farms in the northern and 
southern regions.

Figure 7. Trinidad and Tobago: Regions where survey data for tomato and pepper farms were collected

5.2	 Adapting to Climate Change
Climate change is expected to cause rising temperatures and a decrease in total annual rainfall in SIDS like 
Trinidad and Tobago. This is expected to have serious impacts on agriculture, not only affecting yields but 
also reducing the area of land suitable for growing tomatoes and hot peppers due to higher temperatures 
and frequent droughts (Eitzinger 2015b; Bunn et al., 2019). In this pilot study, the adaptation package tested 
includes the introduction of drought and heat-tolerant tomato and hot pepper varieties and improved 
irrigation systems such as drip systems. Tomato varieties such as IT71 and Versatile are heat-tolerant and can 
be introduced as an adaptation to climate change (Isaac et al., 2014).

Climate change and variability is also expected to increase extreme events such as the number and intensity of 
tropical storms (e.g., hurricanes). While this is beyond the scope of this pilot analysis, investment in enclosed or 
semi-enclosed structures can provide protection to crop production in the region (De Gannes et al., 2014). Other 
alternative options include implementation of hydroponic systems that can allow consistent crop production 
throughout the year while saving water and making efficient use of rainwater (Witkowski and Medina, 2017).
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6. Case Study: Cassava Production in Guyana
Agriculture is an important activity in Guyana where it serves as a basis for sustaining rural livelihoods and 
domestic food security and is an important source of foreign exchange earnings. Agriculture is responsible 
for 16% of the Gross Domestic Product (GDP) and 17% of overall employment (ITA, 2021). Guyana’s National 
Land Use Plan estimates that 68% of Guyana’s land surface has soils suitable for agriculture (Ministry of 
Agriculture, 2013). Traditional agricultural crops are sugarcane and rice, while non-traditional crops which are 
increasing in importance are coconut, cassava, orchard species, vegetables, botanicals and herbals. Fisheries, 
livestock and small ruminants are also important. Agriculture is highly concentrated geographically, with the 
exception of cassava, on the narrow strip of coastal plains.

Non-traditional agriculture is similar in input use to subsistence farming in Guyana, and is small scale, uses 
low technology and is highly labor intensive (Government of Guyana, 2012). Agricultural productivity is 
generally low, even for Guyana’s most important export-oriented crops, namely rice and sugar. Small farmers 
are responsible for the production of most of the fruits, vegetables and grains; the yield of crops such as corn, 
beans and small-scale rice production are 40% lower than that of its Caribbean neighbors and 60% lower 
compared with the rest of South America.

Guyana’s vision for agriculture is to transform agriculture from a subsistence-based activity to a source of 
wealth generation and entrepreneurial innovation to produce food and non-food commodities to meet local 
and export demand. Previous efforts have focused on the 5-C’s (citrus, cassava, coconut, cocoa and cattle) 
while more recently, efforts have been placed on the 4-Ps: pepper, plantain, pineapple and pumpkin.

6.1	 Data
The data used in this case was obtained from a household survey designed and implemented during the 
month of July 2016 by the Sustainable Agricultural Development Program of the Inter-American Development 
Bank (IDB). The survey sample was stratified and focused on regions 5, 9 and 10 (See Figure 8).

The survey sample was taken based on a random selection of villages with the number of households to 
be sampled within each village defined a priori. Stratification within Region 10 was undertaken according 
to Amerindian Communities and Non-Amerindian Communities. Regions 9 and 5 were not stratified since 
Region 9 is largely Amerindian and Region 5 does not have a consolidated Amerindian Community (Bureau 
of Statistics, 2007, Regional Democratic Council, 2016). In Region 5, 330 households were sampled; in Region 
9, 350 households were sampled, and in Region 10, 219 households were sampled.
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Figure 8. Guyana: Location of sampled households (IDB, 2016)

6.2	 Adapting to Climate Change
Climate change can have serious consequences for Guyana, a country that is heavily dependent on agriculture. 
Recent studies indicate that temperature has been increasing over the last three decades. Rainfall patterns were 
observed to be fluctuating with a general increase over time (Lakenarine et al., 2020). Most farmers have been 
affected by floods, which is becoming much more prevalent in recent years. This resulted in major crop losses 
and had high financial impacts on farmers.

In 2019, Guyana presented a comprehensive First Voluntary National Review of the Sustainable Development 
Goals (SDG) at the High-Level Political Forum on Sustainable Development. Particularly related to SDG 13 
(Climate Action) and SDG 15 (Life on Land), Guyana has taken concrete steps to mitigate the effects of CC 
and strengthen resilience and adaptive capacity to climate-related hazards and natural disasters (SDG 13.1), 
to integrate climate change measures into national policies, strategies and planning (SDG 13.2), and to keep 
deforestation rates low, in keeping with the national implementation of REDD+ (SDG 15.1; 15.2: 15.a). Various 
environmental education awareness sessions have taken place as well (SDG 13.3). However, challenges and 
gaps persist, especially in the areas of technical capacity, data and financing which hinder further progress 
(RoG, 2021).
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Cassava is one of the main agricultural goods produced in the regions where the data was collected, though 
it remains largely a subsistence crop and activity. Cassava production technology is rudimentary in all its 
aspects with almost no inputs used for fertility or pest control. Cassava yields are variable and range between 
2 - 17 tons per hectare. Some studies have identified cassava cropping systems as adaptation measures because 
cassava can be tolerant to several climatic stresses such as high temperature and water deficit (Jarvis et al., 
2012, Amelework et al., 2021). However, other studies indicate that cassava’s issues with pest and diseases 
would increase and have negative effects on crop productivity (Chavez et al., 2021).

In this case study, the likely negative effects of climate change on cassava yields is tested. Due to the lack of 
farm-systems data (e.g., crop/livestock yields and management from other activities on the farm, non-farm 
and off-farm income), the analysis focuses on the economic impacts of climate change on cassava.

As an adaptation strategy, the implementation of integrated pest management practices and an improved crop 
variety is assumed.
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7. Results

This section presents the modeling results across the three case studies. First, the key parameters used to setup 
the TOA-MD model for each case are summarized. Then disaggregated results (by strata) about the impacts 
of climate change on the production systems and farmer’s livelihoods comparing across the three case studies 
are presented. Next, the results of the analysis of adoption of the adaptation packages tested for each case are 
discussed. The section concludes comparing the aggregated results across the three countries.

7.1	 TOA-MD Model Parameters: Characterizing the Production Systems
The TOA-MD model is designed to simulate experiments for a population of farms using a ‘base’ production 
system (System 1, e.g., conventional system) and an alternative System 2 (e.g., climate-smart technology). 
Farmers choose whether to stay under system 1 or switch to System 2. The choice between systems is assumed 
to depend on the difference in expected returns between the two systems, and accordingly data are required to 
estimate parameters (means, variances, covariances) of the distribution of this difference in expected economic 
returns between the two systems in the farm population. A similar logic applies to the case of impacts of 
climate change where System 1 is the production system under current climate and System 2 is the production 
system under climate change. For this Pilot Study, two simulation experiments were conducted:

(1)	 impacts of climate change, where System 1 is the conventional production system under the current 
climate and System 2 is the conventional production system under climate change.

(2)	 adoption of the adaptation package under climate change, where System 1 is the conventional 
production system under climate change, and System 2 is the production system using the adapted 
technology under climate change.

For the case of sugarcane production in Belize, the analysis is based on annuitized net returns derived from 
the present value of returns to sugarcane over the period of seven years which  is a typical production cycle in 
Belize (establishment year and six ratoon years). These values were estimated following the methods described 
in section 3.1. Table 1 shows the annuitized net return values by strata used to parameterize the TOA-MD 
model for the two simulation experiments.

Table 1. Annuitized net returns for conventional sugarcane production under current and future climate and for the 
adaptation strategy by district and farm type in Belize.

Conventional Climate change Adaptation

District Farm type
Annuitized net 
returns (BZ$) St dev

Annuitized net 
returns (BZ$) St dev

Annuitized net 
returns (BZ$) St dev

Corozal Micro 1629.87 1656.62 1326.16 1356.68 1363.68 1692.49

Corozal Small 2064.77 4288.45 1573.05 3304.89 2620.90 4275.34

Corozal Medium 9000.00 13193.28 6387.04 9456.11 9163.97 12106.34

Orange Walk Micro 1718.90 1705.31 1400.04 1398.43 1455.85 1690.35

Orange Walk Small 3815.74 8164.46 2916.65 6289.06 4539.83 8233.90

Orange Walk Medium 9671.94 11386.62 6850.16 8136.15 10037.64 10837.65

*Adaptation values with no subsidy

For the case o
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f tomato and pepper systems in Trinidad and Tobago, farm net returns were estimated for each system and 
strata (northern and southern regions). In this case study two climate change scenarios were tested, one that 
is projected to be warmer and drier (“climate change (-)”) and the second that is projected to be warmer and 
less dry compared to the first scenario (“climate change (+)”). Table 2 describes the net return values used to 
parameterize the TOA-MD model.

Table 2. Trinidad and Tobago: Tomato and hot pepper average net returns per farm, north and south regions under the 
conventional system, with climate change and adaptation package.

Region System Conventional Climate change (-) Climate change (-) Adaptation

Average net 
returns (TT$) St dev

Average net 
returns (TT$) St dev

Average net 
returns (TT$) St dev

Average net 
returns (TT$) St dev

North Tomato 117078.60 105370.74 98346.02 101788.02 120590.96 124811.64 122932.53 110639.28

South Tomato 121686.67 146024.04 85180.69 117549.35 119252.97 164569.09 106475.86 127771.04

North Pepper 354117.50 311623.40 297458.70 301028.20 371823.38 376285.26 327204.57 261763.66

South Pepper 378452.08 397374.71 227071.26 274188.55 302761.68 365584.73 249778.39 299734.06

For the case of cassava in Guyana, the estimated farm net returns are described in Table 3. It is important 
to highlight that the decrease in net returns under climate change is due to possible losses caused by a high 
incidence of pests and diseases. 

Table 3. Guyana: Cassava average farm net returns

System

Conventional Climate change Adaptation

Average net 
returns (US$) St dev

Average net 
returns (US$) St dev

Average net 
returns (US$) St dev

Cassava 3220.41 2189.88 2833.96 2080.38 4392.64 3953.38

7.2	 Impacts of Climate Change
The economic modeling results, summarized in Figure 9, suggest that between 45% and 75% of the households 
in the three countries under study are vulnerable to climate change (i.e., proportion of households that are at 
risk of losing income due to climate change). Average farm net returns are likely to decrease from 3% to 40%. 
Southern farmers in Trinidad and ‘medium-’ sized sugarcane farmers in Belize are likely to lose the most. In 
Trinidad, even in the climate scenario that is less dry, pepper and tomato farms in the southern region still 
suffer from the  negative effects of climate change (see Clim2 scenario in Figure 9). These impacts lead to 
increases in poverty rates in the region between 8% to 25%1.

In the case of sugarcane production in Belize, medium-sized farmers are likely to have a larger decrease in 
farm returns compared to micro and small farms. One explanation is that medium-sized farms have “more to 
lose” compared to small and micro farms. Thus, their relative losses are larger. This is consistent with findings 
in other regions where the larger farms are managed more intensively and thus are less resilient than small 
farms (see for example Homman et al., 2021).

In the case of tomato and pepper production in Trinidad and Tobago, the southern region appears  to have 
larger negative effects compared to the northern region. Additional research is needed to understand what 
drives the southern region to have greater losses under climate change. 

1 Poverty rate is the Headcount poverty rate with a poverty line = USD1.25/person/day
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Figure 9. Climate change impacts on tomato and pepper (Trinidad and Tobago), sugarcane (Belize) and cassava 
(Guyana). First column: % households vulnerable to climate change; second column: % change in mean net farm 

returns; third column: % change in poverty rates.

The results in Figure 9 (percent change in net farm returns) show that in most cases the average net economic 
impact, defined as the difference between the gains and losses across all farms, is negative.  Figure 10 shows 
these net impacts disaggregated by the strata (sub-regions) in each country. Consistent with the change in 
net returns in Figure 9, tomato and pepper production in Southern Trinidad have largest losses. Even under 
the assumption of a more favorable climate projection, only tomato and pepper production in the northern 
region in Trinidad may see positive net economic impacts, on average. See Table 1 in the Appendix for the 
disaggregated gains, losses, and net economic impacts across all regions.

Figure 10. Net economic impact as a percentage of mean net farm returns for all the countries, disaggregated by strata.

The net economic impacts presented above can be interpreted similarly to the results of a cost-benefit analysis 
designed to represent the overall impacts of climate change. A major  limitation of this type of analysis is that 
it does not represent how a heterogeneous population of farms (i.e., farms that differ in physical differences 
such as soils and climate, and economic differences such as size and productive capability) can be differentially 
affected by climate change. This heterogeneity means that there are typically both gainers and losers from 
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climate change. A feature of the TOA-MD model and the AgMIP RIA approach is that it can estimate not only 
the average impacts but also the proportion of households that are vulnerable to climate change (i.e., those 
which are at risk of losing due to climate change). The results from this pilot study show that even in cases 
where there are positive net economic impacts (gains larger than losses), the proportion of farms that are 
vulnerable to climate change is high (around 45%-50%). The overall range of vulnerability across the different 
regions is between 45% to 77% (Figure 11).

This kind of information has important implications for climate policy and development of NAPs and NDCs 
and implementation of adaptation and mitigation strategies. Focusing on average impacts (i.e., results from a 
C-B analysis) may lead policy decision-makers to be unaware of the severity of impacts on vulnerable groups, 
and thus could  lead to policies that do not address the challenges faced by the most vulnerable. Tradeoff 
analysis and information as shown in Figure 11 can help communicate this message to policymakers and thus 
support decision-making,  which will benefit the more vulnerable populations.

Figure 11. Tradeoffs between net economic impacts and the proportion of households vulnerable to climate change across 
all countries and regions

7.3	 Adaptation to Climate Change
For this pilot study, a set of adaptation packages for each country/production system was tested as described 
above under each case study description and in Table 4. For the tomato and pepper systems, the adaptation 
strategy focused on promoting the adoption of drought- resistant varieties as well as improved irrigation 
systems.

In the case of sugarcane, research  is currently  underway to observe  changes in the production system  based 
on Climate-Smart Agriculture and Conservation Agriculture principles. In addition, the use of improved crop 
varieties, microdosing and irrigation drainage systems are being recommended as adaptation and mitigation 
strategies. In this study, a sensitivity analysis of  the initial investment costs (new microdosing irrigation 
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systems) was conducted. First, it was assumed that farms bore all the investment costs (A1). A second scenario 
assumed a 50% subsidy of those costs for the micro sugarcane farms (A2), and a third scenario included  25% 
support for small and medium-sized farms, in addition to the support provided to the micro farms (A3).

In the case of cassava, available research suggests that this crop might benefit from climate change. However, 
these studies also suggest that while crop yields might not be (negatively) affected by climate change, the 
incidence of pest and diseases can result in  a decrease in cassava yields. Thus, improved varieties that are 
resistant to most common diseases, along with an integrated pest management strategy are recommended as 
an adaptation package.

Published studies with secondary data and expert knowledge were used to characterize and quantify the 
potential changes in crop yields and production costs for each adaptation package. Average net returns and 
standard deviations are included in tables 1-3 in previous sections.

Table 4. Summary of adaptation packages for all case studies

Farming system Adaptation package

Tomato Drought resistant varieties and improved irrigation systems

Pepper Drought resistant varieties and improved irrigation systems

Sugarcane

Soil conservation practices, improving soil nutrients, organic matter and bio-fertilizer 9CSA, CA)
Improved crop varieties and diversification
Microdosing and irrigation and drainage management
Support on initial investments

Cassava Integrated Pest Management and improved crop varieties (CSA)

Results (Figure 12) indicate that the adaptation package for sugarcane with no subsidy (A1) has potential 
adoption rates between 58% to 65% for the small and medium farms, while the potential adoption rates for 
the micro farms are about 48%. The low adoption rate might be explained by the initial investment required 
to adopt the adaptation strategy. Consequently, the average increase in net returns is only about 35% for the 
micro-sized  farms compared to about 58% for medium-sized farms and between 78-85% for small farms. A 
50% subsidy on the initial investment for micro farms increases the potential adoption rates to about 63% and 
mean net farm returns to 52-55%. If, in addition, the small and medium-sized farms receive a 25% subsidy on 
the initial investment, adoption rates increase within a range of 64% to 73% and mean net farm returns increase 
between 63% to more than 100%.

The adoption rate for the cassava case is 73%, resulting in an increase in mean net farm returns of about 23%. 
In the case of tomatoes and peppers, adoption rates range between 57% to 66% and the increase in mean net 
farm returns ranges between 23% and 45%.
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The TOA-MD model also outputs the poverty rates associated with the adoption of the adaptation strategy. 
The results show that the adaptation packages that were tested would reduce poverty rates between 10% and 
40% across the different regions as  shown in Figure 12.

The adaptation analysis demonstrates that adaptation packages can be beneficial to farmers. However, these 
results also show that strategies that are based only on the available agronomic changes (e.g., changing 
planting dates, cultivars) are not enough to achieve high levels of adoption. Further research is needed to 
improve understanding of the factors limiting the adoption of existing adaptations, as well as to develop 
better agronomic adaptations. AgMIP’s research has shown that the most impactful adaption strategies 
involve a package of interventions that includes on and off-farm elements, and economic and social aspects, 
accompanied by  a set of incentivizing policies that promote the adoption.

7.4	 Aggregated Results
The TOA-MD model produces disaggregated data by strata (sub-regions/farm type) as described above. In 
addition, the model also outputs the results aggregated for the region under analysis. Figure 13 shows the 
results for Belize aggregated for  the farm type. For the two districts, Trinidad and Tobago, the results are 
aggregated from the tomato and pepper farms in the northern and southern regions. In the case of Guyana, 
there is only one stratum that covers the 3 regions producing cassava. In this case the aggregated results are 
the same as the disaggregated ones.

The results suggest that a large sector of the population in these regions is  vulnerable to climate change 
(between 50% to about 69% of the households). The economic losses and reduction in mean net farm returns 
due to climate change can also be significant and contribute to increased poverty rates in the region between 
10% to 25%. The adaptation packages that were tested can benefit between 55% to 75% of households in the 
region by increasing the mean net farm returns between 23% to 79% on average and reducing poverty rates 
between 18% to 35%.
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Figure 12. Impacts of adaptation packages across all case studies, disaggregated by stratum.

Figure 13. Aggregated results: Climate change and adaptation impacts across case study regions. First row in each 
country (scenario 0-CC) shows impacts of climate change. Rows A1-A3 show impacts of the adaptation packages
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8. Conclusions

•	 Climate change is likely to have net negative effects on some farming systems in the Caribbean region.

•	 There will likely be both gainers and losers as a result of climate change due to heterogeneity (variations) 
in bio-physical and socio-economic conditions.

	− Even in cases where there are net average gains due to climate change, many households will be 
vulnerable to large losses.

	− An important policy challenge is to identify the most vulnerable groups and develop adaptation 
strategies to reduce this vulnerability.

	− Climate-resilient crops in the region can be used with CSA and IPM management practices to adapt 
to climate change.

•	 The AgMIP protocol-based approach to climate impact and adaptation assessment facilitates collaborative 
analysis, research synergies and learning across regions and countries.

	− Methods and models are available to be leveraged by research teams across the LAC region.
	− Investment in  capacity-building for scientists (on the use and implementation of the RIA methods 
and tools) and stakeholders (on the understanding and use of the results).

•	 Investment in bio-physical and socio-economic data is needed to identify vulnerable populations and 
develop science-based adaptation strategies.

•	 There is a  need to assess the impacts of climate change, adaptation & mitigation under future socio-
economic conditions (e.g., RAPs).

8.1	 Mitigation-Adaptation Co-benefits, Representative Agricultural Pathways and Tradeoff
             Analysis
The lack of data on emissions from the production systems in this pilot study did not allow for an assessment 
of the potential tradeoffs and benefits of mitigation/adaptation strategies on farmers’ livelihoods and the 
environment. AgMIP modeling approach and tools are suited to test and demonstrate the benefits of improved 
agricultural practices, prospective mitigation options for agricultural productivity, profitability, and greenhouse 
gas emissions and mitigation costs.

Assessing the benefits of mitigation (or adaptation options) should not rely solely on how much GHG 
emissions can be reduced or how much income can be increased. Other elements of sustainability should 
be included in the analysis. Thus, assessing the tradeoffs between social, economic, environmental, and bio-
physical outcomes is key to understanding not only the benefits of innovations but also how these may impact 
the different outcomes (Antle and Valdivia, 2021).

The TOA-MD model can include different socio-economic, environmental and bi-physical indicators and is 
designed to numerically and visually assess the potential tradeoffs (and synergies) across outcomes. Table 5 
shows a list of potential indicators that can be used depending on available and suitable data.

Over the past years, AgMIP has advanced methods for improving projections on the future performance of 
agricultural and food systems, integrating stakeholder-informed scenarios into global and regional assessments 
of current and future agriculture given different socio-economic conditions and climate scenarios. It has also 
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provided evidence-based information to national and sub-national decision makers and contributed to the 
development of NAPs, NDCs and agricultural development plans. Development of RAPs for the CARICOM 
region can support the understanding of short and long-term impacts of climate change adaptation and 
mitigation on these countries.

Table 5. Economic, environmental and social indicators that can be included in Tradeoffs Analysis
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9. Appendix
The Appendix section presents disaggregated results for each case study as well as a summary of the output 
of the TOA-MD model for the two simulation experiments.

Figure A - 1. Belize: Net Economic Impacts by stratum

Figure A - 2. Belize: Gains, loses and net economic impact by stratum
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Figure A - 3. Belize: Tradeoffs between net economic impact and vulnerability

Figure A - 4. Belize: Climate change impacts: vulnerability, change in mean net farm returns and                             
poverty rates by stratum

Figure A - 5. Belize: Adoption of adaptation package and associated change in mean farm net returns                              
and poverty rates by stratum
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Figure A - 6. Belize: Gains, losses and net economic impact (left). Vulnerability and net economic impact (right)

Figure A - 7. Guyana: Climate change impacts: vulnerability and associated change in mean net farm returns (left). 
Adoption of the adapted package and associated change in mean net farm returns and poverty rates (right).
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Figure A - 8. Trinidad & Tobago: Climate change impacts: net economic impact by stratum and climate assumptions 
(Clim1): assumed increase in temperatures and large reduction in precipitation; Clim2 assumed increase in 

temperatures and moderate reduction in precipitation

Figure A - 9. Trinidad & Tobago: Climate change: Gains, losses, and net economic impact
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FigureA - 10. Trinidad & Tobago: Tradeoffs between vulnerability and net economic impact

Figure A - 11. Trinidad & Tobago: Climate change impacts: Vulnerability and associated change in mean net farm 
returns and poverty rates

Figure A - 12. Trinidad & Tobago: Adoption of adaptation package and associated changes in                                         
mean net farm returns and poverty rates
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Figure A - 13. Comparing vulnerability across all case studies by stratum

Table A - 1. Climate change impacts summary results for all case studies by stratum
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Table A - 2. Adoption of adaptation package, summary results for all case studies by stratum
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