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Thank you earth so green – so free 

With your pretty face for all  

So that others too may cherish thee. to see 

My daily bread you provide for me. 

Because planting a seed is the key, 

Today I bring to you a gift – yes, a tree 

 

Joy Westby 

                    Principal of Stella Maris School, Belize City 



	�
�

���	��� ��!�""�#$���	��� ��!�""�#$���	��� ��!�""�#$���	��� ��!�""�#$� ���
 

Introduction 

Agriculture continues to be one of the major pillars of the Belize economy and is the foundation 
of the productive sector and livelihoods in rural areas. At least 35% of GDP ($338 million at 
constant prices) and 41% of total employment is directly dependent on agriculture, fisheries & 
forestry. In 2002 agricultural exports contributed 86% to total domestic exports. The traditional 
crops (sugar, citrus and bananas) and fish products accounted for 92% of total agricultural 
exports (excludes forestry products) while non-traditional agricultural exports (papayas, peanuts, 
black eye peas, cocoa beans, honey, chicle, and pepper products) accounted for only 8% of 
agricultural exports. 

It is estimated that Belize has a farming population of approximately 12,000 farmers, with small 
farmers comprising 75% of the total.  Total farmed acreage is approximately 265,000 acres (5% 
of the total land area), of which 146,000 acres are for crops and 119,000 acres are under pasture.  
A large percentage are Maya Indians and Central American immigrants that contribute to 
domestic food production, as well as being an important source of labour for the sugar, citrus, 
bananas and other agricultural industries. 

The Climate of Belize 

Belize’s climate has traditionally been defined by a wet season (June to October) and a dry 
season (November to May). Two major climatic types identified are Tropical and Sub- tropical. 
Average annual rainfall totals exceed 4,064 mm (160 inches) on the eastern slopes of the Maya 
mountains and elsewhere in the Toledo District. Annual totals in the north over the Corozal, 
Orange Walk and northern Cayo districts are about 1,524 mm (60 inches). Annual totals are 
between 1,778 mm (70 inches) and 4,064 mm (160 inches) elsewhere in the central regions 
increasing in average from north to south. Cold frontal passages during the months of November 
to February influence the period of transition from Wet to Dry. Four geographical features have 
been identified that influence Belize's climate: inland, coastal, mountain/valley and latitude. In 
addition, five topographical zones have also been defined; the Northern Plains, the Belize River 
Basin, Mountainous, Southern Central Plains, and Southern Hilly. 

Vulnerability and Adaptation to Climate Change 

The goal of this crop vulnerability and adaptation assessment is to evaluate the expected climate 
change impacts in the agricultural sector, under various climate change scenarios, as it pertains to 
changes in yields for Sugarcane and Citrus. The DSSAT 4 and the Cropwat crop modelling 
software were used to simulate yields for different results obtained from the PRECIS Climate 
Model. 

Some specific objectives include: 

a) Provide results of various crop simulation models with the baseline observed data and 
climate change scenarios.  

b) Highlight the expected effects (impact) of climate change by quantifying crop yields and 
season lengths. 
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c) Project the economic consequences and implications of climate change on these sub-
sectors. 

d) Present results to main stakeholders at a workshop and obtain feedback 
e) Build capacity among some stakeholders in the use of DSSAT via a seminar / workshop. 
f) Present results and recommendation of adaptation measures to reduce the impacts of 

climate change on Agricultural Sector to SNCs project director. 
 

The decision on the crops to be selected was based on the availability of data. The cash crops 
considered were sugarcane, papayas, Cacao and Citrus.  

Methodology 

The goal of the crop vulnerability assessment is to evaluate the expected climate change impacts 
in the agricultural sector under various climate change scenarios, as it pertains to changes in 
yields for Sugarcane and Citrus. DSSAT 4 and CROPWAT crop modelling software were used 
to simulate yields for different scenarios. Training was done in the use of the models. 
Information for use in the models was obtained by doing literature reviews and by contacting 
stakeholders in the Citrus and Sugar industries. 

The report focuses on:  

i) Vulnerability by crop  
ii)  Evaluation of adaptation efforts and activities by subsector  
iii)  Recommendations for improving adaptation and mitigation efforts on a national and 

subsector level. 
 

The IPCC defines vulnerability as “The degree to which a system is susceptible to, or unable to 
cope with, adverse effects of climate change, including climate variability and extremes. 
Vulnerability is a function of the character, magnitude, and rate of climate variation to which a 
system is exposed, its sensitivity, and its adaptive capacity”  

Results and Discussion 

Climate change would affect the normal environmental conditions required by the crops, 
consequently affecting their cycles. Some crops, such as maize, that are produced in Belize under 
rain-fed conditions are usually affected by soil water deficiencies during summer. These crops 
would be negatively impacted by future climate entailed a decrease in precipitation. Future 
climate scenarios of 1° and 2.5° Celsius warmer accompanied by a ± 12% for the year 2028 and 
±20% for the year 2050 change in precipitation were selected. The DSSAT4 and CROPWAT 
Models were used to simulate the yields of sugarcane and citrus using the average and baseline 
climate data for control. Results show the following: 

For sugarcane, using a four stage growing season: 
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Yield Reduction for Sugarcane 
Baseline (control): 
------------------ 
- Estimated yield reduction in growth stage # 1 = 0.0% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 0.0% 
                                                -------- 
- Estimated total yield reduction               = 0.0% 
 
2028 (-12mm Precipitation) Predicted Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 0.0% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 55.0% 
                                                -------- 
- Estimated total yield reduction               = 11.9% 
 
2028 (+12mm Precipitation) Yield Reduction: 
  
- Estimated yield reduction in growth stage # 1 = 0.0% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 20.7% 
                                                -------- 
- Estimated total yield reduction               = 4.5% 
 
2050 Predicted Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 0.0% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 1.5% 
- Estimated yield reduction in growth stage # 4 = 75.8% 
                                                -------- 
- Estimated total yield reduction               = 17.4% 
 

Yield Reduction for Citrus 
Base line (control) Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 2.1% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 4.2% 
                                                -------- 
- Estimated total yield reduction               = 1.4% 
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2028 Predicted Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 4.3% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 14.5% 
                                                -------- 
- Estimated total yield reduction               = 3.4% 
 
2050 Predicted Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 5.8% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 24.2% 
                                                -------- 
- Estimated total yield reduction               = 5.0% 
 

Economic Impact 

Direct Economic Impact for Sugarcane in US$’000, based on 2006 figures, plus 10% NPV 
 
Est. total yield reduction                = 11.9% 

  Est. total direct economic loss       = 11.9x$52.6x1.1    
                   = US$6.89 mn (13% of total) 

2028 (+12mm precipitation) 
  Est. total yield reduction               =4.5% 
  Est. total direct economic loss      =4.5x$52.6x1.1 
                   =US$2.60 mn (4.94% of total) 

2050 (-20mm precipitation) 
  Est. total yield reduction               =17.4% 
  Est. total direct economic loss       =17.4x$52.6x1.1 
                   =US$10.067 mn (19.14% of total) 
 
Direct Economic Impact for Citrus in US$’000, based on 2006 figures, plus 10% NPV 
 

2028 (-12mm precipitation): 
  Est. total yield reduction                = 1.4% 
  Est. total direct economic loss       = 1.4x$54.5x1.1    
                   = US$0.839 mn (1.54% of total) 

2028 (+12mm precipitation) 
  Est. total yield reduction               =3.4% 
  Est. total direct economic loss       =3.4x$54.5x1.1 
                   =US$2.038 mn (3.74% of total) 

2050 (-20 mm precipitation) 
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  Est. total yield reduction               =5% 
  Est. total direct economic loss       =5x$54.5x1.1 
                   =US$2.998 mn (5.71% of total) 

 

Conclusions 

Belize’s agriculture sector is considered to be sensitive to long-term climate changes as a result 
of their potential effects on this sector that is of particular socioeconomic importance. While 
there is a general consensus internationally on the conditions related to global warming, the 
uncertainties with respect to the nature and severity of changes climate patterns will result in 
uncertainties as to future conditions for such sectors in Belize. The effects of climate change on 
crop production would differ depending on the crop involved. While an increase in temperature 
might be detrimental particularly for certain crops, it could have a positive effect on some 
summer crops such as rice.  The overall sustainability of the sugar and citrus subsector and the 
overall agricultural sector would probably not be at a significant risk.  
 
The adoption of technical measures and the implementation of policy measures and response 
strategies consistent with the new environmental and production conditions would be required. 
There is need in Belize to develop appropriate technical capacities to respond to climate change 
in order to reduce the impacts on major economic activity sectors. However, a considerable 
effort is still required to develop the relevant intra- and inter-sectorial plans and policies with the 
consensus of the government and the private sectors. 
 

Recommendations 

It is expected that a significant challenge of climate policy is to identify and then develop 
instruments that allow for a portfolio of adaptation and mitigation strategies that are spatially and 
temporally effective, that focus on balancing actions across the most appropriate sectors, within 
the chosen scope of specific climate response policies.  
 
Climate change adaptation strategies should aim at maintaining, or even increasing, food 
production and maintaining regional food security. The recommendations made in previous 
assessments met with limited success for various reasons, including lack of funding, lack of 
coordination and unavailability of personnel. In addition, other observations made during this 
current assessment are: 

·  the lack of political will that is hidden under the guise of development and  

·  the fear of public officers to make decisions that might be technically sound but 
politically unpopular. There are no recommendations for these.  

Inherent in these recommendations is the need to monitor and evaluate. The recommendations 
that are made below seek to optimize the available time, human and financial resources. They 
fall into two main categories, those that will prove beneficial to the sectors regardless of climate 
change and those that are specific responses to adapt to climate change. 
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Specific Recommendations related to: 

a) Climate Change 

·  Improve data collection in two categories, Agro climatic and Agronomic data: 
 

·  Improved Data Management: 
 

·  Increasing use of climate forecasting to reduce production risk by providing timely and 
reliable agro-climatological/seasonal forecast to agricultural producers. 
 

·  Conduct vulnerability-mapping projects for the sugar and citrus producing areas. 
 

·  Invest in new technical or management strategies  
 

·  Conduct training in socio-economic impact assessment of climate change. 
 

·  Develop crop insurance in the citrus and sugar growing areas of Belize. 
 

·  Develop an incentive programme that encourages the productive sector to actively 
participate in implementing practices that mitigate and adapt to climate change.  
 

·  Develop a Public Awareness and Education Strategy  
 

b) No regrets measures 
 

·  Strengthening and capacity-building of research institutions in the subsectors and 
Ministry of Agriculture. 
 

·  Promote better land and land use management through erosion control and soil 
conservation measures. 
 

·  Establish a functional Information and Networking Program to collect, collate, catalogue 
and copy all the technical information that is currently scattered across the various 
subsectors, government agencies and NGO partners.   

 
·  Improve the coordination of interagency cooperation on a national, regional and 

international level to exchange of information on matters related to climate change as it 
relates to the agricultural sector namely citrus and sugar subsector.  
 

·  Revise, update and streamline the current agricultural legislations and policies to make 
them relevant, to eliminate overlaps and close existing gaps as well as to consider climate 
change. 
 

·  Develop sound strategies to increase compliance particularly with regard to agricultural 
development. 
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1. INTRODUCTION 
 

Physically located in Central America, Belize is the second smallest and newest country on the 
western hemisphere mainland. Its eastern coast lies entirely on the Caribbean and boasts the 
longest Barrier Reef in the Western Hemisphere (the second largest in the world). The Belizean 
economy is dependent on natural resource activities such as tourism, agriculture, forestry, and 
fisheries. Belize also has strong cultural and economic ties with the Caribbean, especially former 
British colonies comprising the Caribbean Community.  

Belize is located in the northeast of Central America. The country shares borders with Mexico on 
the north and part of the northwest, with Guatemala on the south and rest of the west and on the 
east lies the Caribbean Sea. The country’s total land area is approximately 22,965 km2 (8,867 sq. 
miles or 5.4 million acres.) Using an offshore territorial limit of 20 kilometres (12 miles), the 
national territory covers approximately 46,620 square kilometres (18,000 square miles). Belize’s 
climate changes from subtropical climate in the northern part of the country to tropical climate in 
southern Belize. Two weather seasons dominate the country’s climate: a dry season extending 
from February to May, followed by the rainy season which peaks in July and October. There is a 
cool transition period extending from November to March separating the dry season from the 
rainy season. 

Belize has a very rich but diverse ethnic population composed of Mestizos, Creoles, East 
Indians, Garifunas, Mennonites, Ketchi Mayas, Mopan Mayas and Yucatec Mayas, among 
others. The 2007 mid-year population estimate indicates that the population of the country is 
311,500, made up of 154,700 males and 155,800 females. The largest ethnic groups in the 
country are: Mestizo and Creole comprising 48.7% and 24.9%, respectively, of the total 
population, (SIB, Abstract of Statistics 2007).  

The inter-censal growth rate 1991-2000 was estimated at 2.7% per annum, one tenth of a 
percentage point higher than that for the inter-censal period 1980-1991. The estimated annual 
population growth rate for the period 2001-2008 is 2.8%. The population density is 
approximately 14 persons per square kilometre, which is low for a Central American nation of its 
size. The country has an almost equal distribution of urban and rural populations (51:49, 
respectively).  
 
Since its independence in 1981, Belize achieved one of the most remarkable economic growth 
rates in the LAC region. Real GDP growth averaged 8 percent in 1986-93, fell to 2.1 percent in 
1994-98, and increased again to 7.1 percent in 1999-2003.This outstanding economic 
performance was to a large extent the result of relatively good economic policies followed by 
successive administrations for the most part of that period and of significant inflows of foreign 
savings. Sound fiscal policies increased public sector savings in the late 1980s and early 1990s 
(to an annual average of 9.4 percent of GDP during 1986-1993), which helped to expand public 
investments and increased the access of the private sector to domestic sources of credit. The 
relative fiscal stability achieved between the mid 1980s and early 1990s boosted private sector 
confidence and investments by reducing the perception of vulnerability in the economy, 
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Economic growth was also stimulated by a steady inflow of foreign savings. The country’s high 
dependency on foreign savings has been reflected in persistent current account deficits, which 
averaged 5.1 percent of GDP in 1981-2002, if unilateral transfers are included, and 13.1 percent 
of GDP if those transfers are excluded. For most of the 1980s and early 1990s, those deficits 
were mostly financed through private sector transfers and official development assistance, in the 
form of grants and concessional loans. More recently, in the face of declining official 
development assistance, the financing of those deficits changed in favour of privatization 
proceeds and foreign lending on commercial terms. (IDB Belize Country Strategy, 2004-2008) 
 

Table 1: Economic Indicators for the Period 2003 - 2007 

Belize: Selected Economic Indicators, 2003-07 (IMF) 

  2003 2004 2005 2006 2007prel 

  (Annual percentage change, unless otherwise indicated) 

GDP at constant prices 9.3 4.6 3.1 5.6 2.2 

Nominal GDP (US$ millions) 988 1,055 1,115 1,214 1,274 

Gross domestic investment 1/ 2/ 21.5 19.0 22.7 19.6 18.0 

Gross national savings 1/ 3.3 4.2 8.3 17.3 14.1 

Consumer prices (end of period) 2.3 3.1 4.2 3.0 3.0 

Real effective exchange rate -2.5 -2.4 -1.3 0.4 ... 

 

The Consumer Price Index (CPI) Survey, one of the many surveys conducted by the Statistical 
Institute of Belize, revealed that the rate of inflation rose from a minus 2.2% in 2002 to 4.3% in 
2006.  
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2. THE AGRICULTURAL SECTOR 

Agriculture continues as one of the major pillars of the Belize economy and is the foundation of 
the productive sector and rural areas. At least 35% of GDP ($338 million at constant prices) and 
41% of total employment is directly dependent on agriculture, fisheries & forestry. This is so 
because 90% of all manufacturing (which constitutes 17% of GDP and 12% of employment) is 
based on inputs (sugar, citrus concentrate, animal feed, agriculture chemical, furniture, jams, 
jellies, chips, juices, milk, ice cream, sausages, packaging etc) from the primary sectors of 
agriculture, fisheries and forestry.  Primary agriculture and fisheries are responsible for 29% of 
employment and more than 21% of GDP (constant prices).    

It is estimated that Belize has a farming population of approximately 12,000 farmers, operating a 
total land area of 265,000 acres (5% of the total land area), of which 146,000 acres are for crops 
and 119,000 acres are under pasture.  Small farmers (those with less than 20 acres under 
cultivation) account for more than 75% of all farmers. These include a large number of milpa 
subsistence farmers. A large percentage are Maya Indians and Central American immigrants that 
contribute to domestic food production, as well as being an important source of labour for the 
sugar, citrus, bananas and other agricultural industries.   

Belize’s foreign exchange earnings and trade are greatly influenced by the performance of the 
agricultural export sector, particularly the traditional products of sugar, bananas, citrus and, in 
recent years, marine products. In 2002 agricultural exports contributed 86% to total domestic 
exports. The traditional crops (sugar, citrus and bananas) and fish products accounted for 92% of 
total agricultural exports (excludes forestry products) while non-traditional agricultural exports 
(papayas, peanuts, black eye peas, cocoa beans, honey, chicle, and pepper products) accounted 
for only 8% of agricultural exports. Table 1 shows the recent trends for the major agricultural 
products.  

The decline observed in the case of bananas and sugar reflects the uncertainty that has 
characterized Belize’s major markets in the EU and the USA as preferential trading 
arrangements have increasingly come under question. Belize's agriculture policy has emphasized 
market-led strategies, increasing diversification and self-reliance for food products. This has 
resulted in the development of new export commodities (papayas, aquaculture, habanero 
peppers), and an expansion of the food crop and livestock sub-sector; however, the sugar, banana 
and citrus industries still remain the three most important agricultural export sub-sectors.  

 Non-traditional export promotion programs and projects have been a key dimension of the 
efforts by the Ministry of Agriculture to facilitate small farmer development. There have been 
farming communities throughout the country that have gone into habanero pepper and papaya 
production under these schemes. Small scale packaging houses have set up as buying centres, 
cleaning, treating and packing facilities for export, mainly in the northern sugar producing 
districts.   

 Food crops, fruits and vegetables, sorghum, tubers, and some livestock, mainly produced by 
small farmers, face great difficulties and constraints to meet market requirements in terms of 
volume, quality and regularity. There is a need for assistance in adopting adequate marketing 
techniques and application of modern technologies in the production and distribution processes 
in order to expand their food production systems making them more efficient and competitive. In 
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this regard, there have been some positive results in the production of onions, garlic, vegetables, 
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honey, rice and beans. 

2.1 Climate and Climate Change 

Climate is a basic resource which can exert powerful influences on national economic 
development. Geographers devised many techniques to describe the actual climates of the world, 
but meteorologists later built on these concepts to better understand the behaviour and variability 
of climates in order to predict the weather at any given location. Some of the oldest methods of 
classifying climates used temperature and precipitation as the basis while studying how these 
two factors influence the natural vegetation of an area. Other factors such as solar radiation and 
atmospheric circulation systems are now considered to be even more fundamental to the nature 
of climates. 

On June 13, 1992, more than 160 countries met in Rio de Janeiro, Brazil, for the United Nations 
Conference on Environment and Development to focus international attention on the importance 
of the relationship between environmental protection and economic development. The unifying 
theme of the conference was sustainable development. The Rio Conference resulted in a number 
of agreements which will set the direction for the development of environmental law into the 
next century. This included an action plan for Agenda 21, which set out specific actions to be 
taken by relevant sectors, a Rio Declaration, Conventions on Climate Change, and a Statement of 
Principles for Forests, among others. The objective of the Framework Convention on Climate 
Change is to achieve “stabilization of greenhouse gas concentrations in the atmosphere at a level 
that would prevent dangerous anthropogenic interference with the climate system.”  The 
Convention aims to attain such a level “within a time frame sufficient to allow ecosystems to 
adapt naturally to climate change, to ensure that food production is not threatened and to enable 
economic development to proceed in a sustainable manner” (Article 2). In its initial stages, the 
Convention requires parties to provide natural inventories of sources and sinks of green-house 
gases and to report on policies and measures that limit emissions of these gases and enhance the 
sinks for them.   

The biggest threat or contributor to climate change is carbon dioxide (CO2), which is pumped 
into the atmosphere, mainly through the burning of fossil fuels, coal, oil and gas.  The 
destruction of forests also releases large amounts of CO2. An analysis of climate change data 
(Intergovernmental Panel on Climate Change) has confirmed a trend in global warning with 
increases in temperatures of 0.3° to 0.60° centigrade occurring since the late nineteenth century, 
much of which have been occurring over the last 40 years.  The effect of this trend is a rise of 
mean sea levels at a rate of 1.5 millimetres per year.  Belize signed the Convention on June 13, 
1992, and ratified on October 31, 1994.  The Convention entered into force on March 21, 1994.  

Belize, like many other non-Annex I (NAI) Parties to the United Nations Framework Convention 
on Climate Change (UNFCCC) is currently preparing its Second National Communications, in 
partial fulfilment of its obligation to implement the Convention as stipulated in Articles 4.1 and 
12 of the Convention (United Nations, 1992). 

The guidelines for preparing National Communications exhorts NAI countries to provide 
information on their vulnerability to the negative impacts of climate change and to report on 
adaptation measures being considered to reduce the adverse effects.  In this regard, Parties are 
encouraged to indicate the methodologies, tools, data used, and scenarios considered for the 
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assessment of impacts, vulnerability and adaptation to climate change, including the degree of 
uncertainties (UNFCCC, 2002). Climate scenarios are therefore important in the vulnerability 
and adaptation assessment exercise for the different economic sectors, the results of which are to 
be integrated in the National Communications. A short-coming in this regard is the lack of 
quality data, capacity and resources necessary to adopt the appropriate methods and tools (Lu, 
2006; National Comm. Support Program…UNDP, UNEP, GEF). 

The Intergovernmental Panel on Climate Change (IPCC), Working Group I (WG-I) in its 
scientific findings for the Fourth Assessment Report (AR4), (IPCC WG-I/ Summary for Policy 
Makers, SPM, February,2007) indicates that: “…most of the observed increased in globally 
averaged  temperatures since the mid-20th century is very likely1 due to the observed increase in 
anthropogenic greenhouse gas concentration.  This is an advance since the TAR’s conclusion 
that ‘most of the observed warming over the last 50 years is likely to have been due to the 
increase in greenhouse gas concentration’.  Discernible human influences now extend to other 
aspects of climate, including ocean warming, continental-averaged temperature, temperature 
extremes and wind patterns.”  The Assessment adds that: “Warming of the climate system is 
unequivocal, as is now evident from observations of increases in global average air temperatures, 
widespread melting of snow and ice, and rising global mean sea level.”   

The IPCC Working Group II on Impacts, Adaptation and Vulnerability, reported in late March 
2007 in its SPM that: “…Observational evidence from all continents and most oceans shows that 
many natural systems are being affected by regional climate changes, particularly temperature 
increases.”   The Assessment points out the discernible effects and other likely impacts climate 
change is and will have on a wide range of systems and sectors  including: Fresh water resources 
and their management, Ecosystems, Food, Fibre and Forest products, Coastal systems and low-
lying areas, Industry, Settlements and Society and Health.  Significant regional impacts are also 
highlighted in the Report. 

In the agricultural sector in tropical, low latitude areas such as Belize, it is projected that a 
warmer climate system resulting from a doubling in carbon dioxide concentration in the 
atmosphere will lead to increased frequency of warm spells/heat waves, intense droughts, heavy 
rainfall events and intense tropical cyclone activity (IPCC/WG-II, SPM AR4, 2007).  In the 
agriculture, forestry and ecosystems sectors this will lead to reduced yields in warmer regions, 
damage to crop, soil erosion, water logging and land degradation. 

The results of the first Vulnerability and Adaptation Assessment to Climate Change for Maize, 
Dry bean (cultivar Carioca), and Rice conducted in 1995 showed that it seems likely2 that yields 
for these crops would decrease in a warmer climate resulting from a doubling in carbon dioxide 
(CO2) because of a shortened growing period.  

Agriculture plays a crucial role in sustainable development and in hunger and poverty 
eradication. Agriculture remains one of the main pillars of Belize’s economic development, 
although its contribution to GDP has seen a gradual decrease from 20% to about 15% over the 
past few years, it remains an important means of livelihood for approximately 40% of the 
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Belizean population.  The government of Belize considers “food and nutrition security” as one of 
its priority area within its strategic development plan, but also encourages the expansion and 
diversification of the agricultural sector in order to increase foreign exchange from exports of 
agricultural crops, livestock and their by products. 

The traditional cash crops continue to be sugar, citrus and bananas; however, export of non-
traditional products such as fresh papaya, beans, beef, cacao and hot peppers have increased in 
importance in the regional and foreign markets. New annual cash crops such as onions, hot 
peppers and potatoes production has expanded and the foreign exchange savings are significant 
as the importation of these become unnecessary during years of bumper harvest. The agro-
processing sub-sector has also expanded with products such as bottled pepper sauce, jams and 
jellies, processed meats, and honey. The demands for these on the local market are virtually 
satisfied; however, additional foreign markets at the regional level must be identified and secured 
to ensure the viability of this sub sector. 

Agricultural production in Belize is basically rain-fed and is affected by climate variability and 
climate change. The north-western Caribbean region including Jamaica, central and western 
Cuba, the Cayman Islands, Yucatan, Belize and northern Honduras experienced a series of 
drought conditions over the past decade, culminating in the intense dry seasons of 2003 and 
2004.  Extended dry spells also disrupted the rainy season during the period, wreaking havoc on 
the agricultural and water sectors. The year 2005 saw an unprecedented hurricane season in the 
north Atlantic Basin, with 28 named storms forming; 15 of these became hurricanes and 9 
evolved into major hurricanes of Category III intensity or greater.  Hurricane Wilma broke the 
record as the most intense western Caribbean hurricane to have formed, attaining a central 
pressure of 882 mb. Hurricane Katrina entered the record books as the costliest hurricane to have 
impacted the U.S. Gulf Coast, with losses estimated in the range of 90 billion dollars ($US.)  The 
year 2006 was one of the wettest years in recent records for Belize.  The dry season was very 
short and wet, and the extensive rainfall during the main and secondary cropping season 
disrupted the grain-filling and harvest stage of the rice, beans, potatoes and corn crops.  Land 
preparation was greatly affected and feeder roads to access the cane crop could not be 
rehabilitated.  The impacts of the rains of 2006 are still being felt in the agricultural sector, as 
imports of staple grains such a R.K. beans, rice and corn continues in order to meet the local 
demands.  

This assessment of climate change impacts on the agricultural sector in Belize will analyze the 
vulnerability of sugarcane and citrus to the adverse effects of a warming climate system.  Results 
from the regional Hadley Center Climate Model, PRECIS, were obtained for a number of future 
climate scenarios. Changes in rainfall and temperature patterns were “inputted” into crops 
models such as the Decision Support System for Agro-technology Transfer (DSSAT 4) to 
evaluate expected changes in yields.  Depending on the results, recommendations were then 
made for appropriate adaptation measures and strategies to be instituted to reduce the adverse 
impacts of climate change on future production of these crops.  An evaluation of the impacts of 
climate change on the provision of water for the agricultural sector cannot be overlooked within 
the scope of this assessment, as is the matter of the social impacts which are intrinsically related 
to farming communities.  Improved agricultural practices based on crop modelling such as 
planting dates, improved varieties (C4), drip irrigation, organic fertilizer, improved feeds for 
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livestock and sustainable land-use are mitigation options that can enhance yields and help reduce 
GHG emissions. 

2.2 The Climate of Belize 
 
Belize’s climate is defined by a Wet Season (June to October) and a Dry Season (November to 
May). Two major climatic types identified are Tropical and Sub- tropical.  The north and central 
inland and coastal areas of Belize experience subtropical influences in the form of a cool 
transition from the Wet to the Dry (November to January).  Rainfall during this transition is 
extremely variable accounting from 15 to 150 percent of the Dry Season total. This transition is 
caused by North American temperate winter weather systems entering into the northern and 
central regions of Belize. The Stann Creek and Toledo Districts experience a more typical 
tropical rain forest climate with high annual rainfall totals in excess of 1778 mm (70 ins.) spread 
over a greater number of months. The gradual transition from wet to dry is not evident and the 
dry season is shortened (February to April). 

Rainfall 

Average annual rainfall totals exceed 4,064 mm (160 inches) on the eastern slopes of the Maya 
mountains and elsewhere in the Toledo District. Annual totals in the north over the Corozal, 
Orange Walk and northern Cayo districts are about 1,524 mm (60 inches). Annual totals are 
between 1,778 mm (70 inches) and 4,064 mm (160 inches) elsewhere in the central regions 
increasing in average from north to south (Fig. 1). Monthly rainfall peaks twice in most areas 
during the rainy season. The peaks occur due to (1) tropical or easterly waves that cross Belize 
from the Caribbean during the months of June or July and (2) tropical storms or hurricanes that 
are most active over Belize in September or October. Whenever a quasi-stationary weather 
disturbance in the upper atmosphere coincides with tropical storm activity, then the peak rainfall 
of October can exceed the value of the other (June, July) peak months. 

Temperature  

In general, mountain/valley areas show the dominant monsoon distribution with the months of 
maximum rainfall (June and July) lagging May, the month of hottest temperatures. Cold frontal 
passages during the months of November to February influence the period of transition from Wet 
to Dry. Strong anticyclones also extend into the Caribbean and Gulf of Mexico during the warm 
Dry Season to produce stable and windy south-easterly winds from February to May. Fewer 
frequent passages occur in October, March and April. On average, cold front passages occur 
once every ten days during peak activity. In some years fronts become quasi-stationary near 
Belize causing a substantial amount of rainfall in the period of transition between seasons.  

Circulatory Systems and Topography 

Superimposed on the main characteristics of rainfall distribution, are the effects of geographical 
distribution and synoptic weather systems. In general, mountain/valley areas show the dominant 
monsoon distribution with the months of maximum rainfall (June and July) lagging May, the 
months with the hottest temperatures. Examples are Cabbage Haul, Belmopan and Hummingbird 
Hershey (Sibun Hills). Here, convective rainfall is enhanced by steep slopes and moist easterly 
winds during the Wet Season but the drier, subsiding easterly trades inhibit convection during 
the months of dry season. Drought is seldom felt in these areas. Smith and Panton (1981) 
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identified four geographical features that influence Belize's climate: inland, coastal, 
mountain/valley and latitude. Leslie and McKinstry (1977) also defined five topographical zones 
in order to highlight these features and include the Northern Plains, the Belize River Basin, 
Mountainous, Southern Central Plains, and Southern Hilly. Low lying coastal areas exhibit two 
distinct months of maximum rainfall during the wet Season attributable to peak activity of 
tropical easterly waves and tropical storms or hurricanes. The short term variability of rainfall 
amount and intensity can be seen as a result of topography, diurnal and coastal influences.  

Wind Regime  

Wind energy is beginning to be looked at as a possible source of energy for Belize, although few 
studies have been conducted to ascertain whether this natural source of energy generation is 
feasible for development. Energy generation by wind forces need to be further studied especially 
in the coastal areas and offshore islands where it can prove to be complimentary with solar 
energy as the clean source of energy sources for the future.  

Natural Disasters  

Floods 
In Belize, most floods occur during the height of the rainy season. Additionally, tropical 
disturbances have produced major flash floods as early as May, and as late as December. Flash 
floods are caused by slow-moving thunderstorms repeatedly moving over the same area or by 
heavy rains from tropical cyclones, depressions, and intense disturbances in the upper reaches of 
the atmosphere. Flash floods occurs within hours of a heavy rain event, and are more frequent 
along areas of short-sighted infrastructural development resulting in the obstruction or re-
direction washes or arroyos. Agricultural and housing development on flood plain areas are 
vulnerable to flash flooding and can cause loss of life, livestock, and crops. In 1993, torrential 
rains in the Cayo District resulted in the unprecedented flooding of Roaring Creek, and along the 
Western highway between miles 48 and 50. 

Hurricanes 
Hurricane season in the Atlantic/Caribbean basin and the Gulf of Mexico runs from June 1st 
through November 30th. On average, some ten tropical cyclones develop yearly, but half or just 
over half reach hurricane intensity. The most severe hurricanes occurred in 1931, 1945, 1955, 
1960, 1961, 1974, 1978, 1998, 2000 and 2001. The most devastating hurricane of 1931 almost 
destroyed Belize City, taking approximately one thousand lives. In October 1955, Punta Gorda 
was partially destroyed along with thousands of acres of forest. Hurricane Janet (September 
1955) destroyed Corozal Town, and in (July 1960) Hurricane Abbey hit the Stann Creek area 
causing considerable urban damage as well as destroying large area of  banana crops. In 1961, 
Hurricane Hattie struck the mainland near Mullins River with winds of 120 km/hr, killing more 
than 500 people, as well as destroying forest and agricultural crops. Even though it did not hit 
Belize directly, Hurricane Mitch caused great damage in 1998. In 2000, Hurricane Keith affected 
San Pedro, Caye Caulker and other northern areas. In 2001, Hurricane Iris affected the southern 
districts of Stann Creek and Toledo. Tropical Storm Arthur seriously affected the mid-southern 
portion of Belize in the Stann Creek District early June 2008, causing over Bz$100 million in 
flood damage to homes, crops and physical infrastructure; five (5) people also died in this 
unexpected catastrophe. Hurricanes affecting Belize have certain characteristics: peak occurrence 
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is in September (43%), with significant frequencies in August and October. They originate 
within disturbances that develop in the easterly trade winds as far as 60° W longitude.  

Sea Level Rise 
A significant amount of preparatory work is needed before a realistic estimate of coastal 
inundation due to sea level rise and global warming is ascertained and better resolution land 
surveys need to be carried out. Preliminary estimates of land loss to sea level rise as a result of 
global warming has been assessed (Cayetano 1996). Based on sea level rise estimates of 0.13 ft 
in 25 years, 0.98 ft in 50 years, and 1.64 ft in 100 years, calculations of shoreline retreat indicate 
the following: The beaches at the shores east of Manatee and Dangriga would be completely 
eroded away within the next 100 years, while only half of the beaches at Placencia and Punta 
Ycacos would be eroded over the same time (Cayetano, 1996). Evidence of erosion was seen on 
the south side of Belize City particularly in the Yarborough Field area. Information on erosion 
was seen at Dangriga, Monkey River, and also in a small section north of Punta Ycacos. Severe 
erosion was also evidenced on the southern coast between the Moho River mouth and Barranco 
Village, (evidenced by significant stretches of 
black mangroves falling over). 
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3. THE VULNERABILITY AND ADAPTATION TO CLIMATE CHAN GE 
ASSESSMENT 

The goal of this crop vulnerability and adaptation assessment is to evaluate, under various 
climate change scenarios, the expected climate change impacts in the agricultural sector as it 
pertains to changes in yields for Sugarcane and Citrus. The DSSAT 4 and the Cropwat crop 
modelling software were used to simulate yields for different results obtained from the Hadley 
Center Regional Climate Model, PRECIS. 

Some specific objectives include: 

g) Provide results of various crop simulation models with the baseline observed data and 
climate change scenarios.  

h) Highlight the expected effects (impact) of climate change by quantifying crop yields and 
season lengths. 

i) Project the economic consequences and implications of climate change on these sub-
sectors. 

j) Present results to main stakeholders at a workshop and obtain feedback 
k) Build capacity among some stakeholders in the use of DSSAT via a seminar / workshop. 
l) Present results and recommendation of adaptation measures to reduce the impacts of 

climate change on Agricultural Sector to SNCs project director. 
 

3.1 Crop Selection 

During the preparation of the Belize’s First National Communications to the UNFCCC in 1995, 
a vulnerability assessment was conducted for the agricultural sector to study the impact of 
climate change on maize, dry beans (as a substitute for R.K. beans), and rice.  The cultivar for 
R.K. beans was not contained in the DSSAT 3 system, and consequently dry beans (Black-eye 
pea) were used instead.   

The results from the crop simulations for these cultivars suggested a general reduction in yields 
resulting from a shortened growing period because of warmer conditions under a doubling of 
carbon dioxide concentration. The effects of rainfall variability under the climate change 
scenario was minimal for maize, but resulted in lower yields for bean and rice for a 20% 
decrease in precipitation. 

The decision on the crops to be selected was based on the availability of data as described in the 
inception report.  It was suggested tentatively that two cash crops and one important small farmer 
crop be considered in this vulnerability assessment.  The cash crops under consideration were 
sugarcane, grown in the north (Corozal and Orange Walk Districts) and papayas, grown in the 
northern districts of Corozal and Orange Walk and to a lesser extent in the Cayo District in 
western Belize. Cacao was also considered as this is a small farmer crop grown in southern 
Belize (Toledo and Stann Creek).  

After considering the availability of crop data, particularly on a long-term basis, it became 
apparent that agronomic and meteorological data for papayas and cacao, these being relatively 
new cash crops to the Belize economy, were not of a sufficiently long period of time to be used 
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in the modelling softwares. It was thus decided that sugarcane and citrus, with a longer history in 
Belize, would be the crops to be assessed for climate change vulnerability and adaptation. 

 
3.2 Methodology 
 
3.2.1 Scope of the Assessment  

The goal of this crop vulnerability assessment is to evaluate, under various climate change 
scenarios, the expected climate change impacts in the agricultural sector as it pertains to changes 
in yields for Sugarcane and Citrus. The DSSAT 4 crop modelling software and CROPWAT was 
used to simulate yields for different results (scenarios) obtained from the Hadley Center 
Regional Climate Model, PRECIS and MAGICC. It will provide information on the vulnerability 
status of the subsectors and the adequacy of the adaptations and interventions to address impacts 
due to climate change.  

The consultants received two week training in Guyana on the use and application of the models 
to facilitate implementation of this assessment. 

This was complemented with a complete review of all available literature. Interviews were also 
held with key stakeholders and agencies operating in the identified subsectors such as Belize 
Cane Farmers Association and Citrus Growers Association. Where possible, field visits were 
made to various locations to verify information provided either through documents or interviews. 
This report attempts to integrate the socioeconomic and biophysical aspects of vulnerability to 
climate change in the sugar and citrus subsectors of Belize. The report focuses on:  

iv) Vulnerability by crop  
v) Evaluation of adaptation efforts and activities by subsector  
vi) Recommendations for improving adaptation and mitigation efforts on a national and 

subsector level. 
 

3.2.2 Outputs and Deliverables 

a) Provide an inception report by April 30th 2008. 
b) Provide results of crop simulation models with the baseline observed data and climate 

change scenarios.  
c) Highlight the expected effects of climate change by quantifying crop yields and season 

lengths. 
d) Project the economic impact of climate change on the selected crops. 
e) Present results to main stakeholders at a workshop and obtain feedback. 
f) Build capacity among some stakeholders in the use of DSSAT via a seminar / workshop. 
g) Present two hardcopy and two CDs of results of the assessment, and recommendation of 

adaptation measures and strategies to reduce the impacts of climate change in the 
agricultural sector to the SNC’s and the MACC’s project directors. 
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3.3 Definition of Vulnerability 

The IPCC defines vulnerability as “The degree to which a system is susceptible to, or unable to 
cope with, adverse effects of climate change, including climate variability and extremes. 
Vulnerability is a function of the character, magnitude, and rate of climate variation to which a 
system is exposed, its sensitivity, and its adaptive capacity” (IPCC, 2001b, Glossary). This is 
further complicated by recent decisions to include social vulnerability. Vulnerability assessment 
now no longer is restricted to assessing the biophysical responses to a changing climate. 

As proposed by the IPCC’s Working Group II in the Fourth Assessment Report, any assessment 
of vulnerability to climate change needs to take into consideration the different states of 
vulnerability that exist. These include i) vulnerability to current climate, ii) vulnerability in the 
absence of adaptation and mitigation measures, and, iii) residual vulnerability, when the limits of 
adaptive and mitigative capacities have been reached. After the completion of the TAR in 1995 it 
was realized that because of the overwhelming evidence of anthropogenic drivers in global 
climate change, it would be difficult to separate biophysical and socioeconomic vulnerability; 
therefore, of necessity, both aspects need to be taken into consideration when considering 
vulnerability. (IPCC WGII, 2007) 

3.4 Prediction Scenario for Belize  

Several scenarios, projections and global circulation models have been developed since 1995 in 
an effort to predict changes in climate and possible impacts. Ideally it would have been 
beneficial to have access to these tools to remove some of the uncertainty from the present 
assessment. Unfortunately these tools were developed to predict global and regional impacts are 
not yet available on a micro-scale to make predictions at the level required for Belize. (Belize, 
National Meteorological Service (NMS), 2007) 

The IPCC has developed a number of scenarios to predict possible effects and responses to 
global climate change. The scenarios incorporate a number of geophysical, economic, social and 
governance components to arrive at the final possible prediction. A scenario as defined by the 
Panel is “A plausible and often simplified description of how the future may develop, based on a 
coherent and internally consistent set of assumptions about driving forces and key relationships. 
Scenarios may be derived from projections, but are often based on additional information from 
other sources, sometimes combined with a ‘narrative storyline’”.   
 
As the Belize Focal Point for Climate Change, the NMS has selected the A2 Scenario. The A2 
scenario refers to a very heterogeneous world.  Belize promotes the preservation of its identity 
and makes every effort to be self-reliant. In Central America and the Caribbean fertility patterns 
are expected to converge very slowly resulting in high population growth in Belize and the 
regions.  Economically, Belize is moving primarily towards the regional common markets, such 
as the Caribbean Common Market (CARICOM) and Central American Common Market 
(CACM); however, regionally per capita growth is fragmented and technological changes are 
slow. International disparities in productivity, and hence income per capita, are largely 
maintained or increased in absolute terms. Economic growth is uneven and the income gap 
between now industrialized and developing parts of the world does not narrow. 
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Belize will have to become more reliant on its resources and places fewer emphases on 
economic, social, and cultural interactions between regions. People, ideas, and capital are less 
mobile, so that technological changes are much slower. The Belizean way of life becomes more 
family- and community oriented, fertility rates decline very slowly and population growth is at 
its greatest. Potential local and regional environmental damage continues to occur although it is 
not uniform across regions.  Central America and the Caribbean attempt to bring regional 
pollution under control.  Belize maintains its environmental amenities and intensifies efforts to 
further reduce local environmental pollution. 
 
Technological change in the A2 scenario world is heterogeneous. It is more rapid than average in 
some regions and slower in others, as industry adjusts to local resource endowments, culture, and 
education levels.  In the new technological world more Belizeans are better educated and are 
now more capable of identifying and managing the country’s natural resources for the benefit of 
all Belizeans. Belize develops its hydroelectric potential and through technological innovations 
utilizes fossil fuels to provide sufficient and cleaner local energy for the growing industrial 
sector. The mineral and oil industries boom and Belize's economy evolves into a more resource-
intensive one and through import substitutions Belize reduces its dependence on imports. 

Under this scenario social and political structures diversify; some regions move toward stronger 
welfare systems and reduced income inequality, while others move toward “leaner” government 
and more heterogeneous income distributions. Belize’s political democracy is strengthened with 
greater accountability and transparency and the middle class begins to grow again. 

Results from the three members of the A2 ensemble are generally consistent. Differences are 
most pronounced during the 2020s where multi-decadal variability predominates over the 
climate change signal. As a result, all A2 ensemble members are discussed collectively. The 
responses of the major crops and cultivars to climate change in an A2 future world follow that of 
the A1FI world up until the 2080s. The 2020s are dominated by multi-decadal variability and 
2050s are comparable to those of A1FI—both experience similar absolute changes in 
temperature and precipitation (See Box 1). The 2080s under the A2 world, however, are 
significantly different, at least in the northern hemisphere where temperatures are on average 2 C 
cooler in an A2 world than an A1FI world. The result is that aggregated cereal yields are, 
assuming no CO2 effects, depressed by no more than 10% anywhere in the world. Re-running 
the models to include the positive effect of elevated CO2 levels again reduces the negative 
impacts across all regions; however, beneficial effects are particularly evident in the mid- and 
high-latitude areas where temperate cereals tend to be grown.  
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BOX 1: Projected Climate Change Effects in the Caribbean for 2050 (IPCC) 
 

�  A 1.5 - 2 °C increase in temperature; 
�  Subsequent increase in evaporation losses; 
�  Decreased precipitation – continuation of a trend of rainfall decline observed in some 

parts of the region; 
�  Projections by 2050 for the length of the rainy season – down by 7-8%; 
�  Projections by 2050 for the length of the dry season – up by 6-8%; 
�  Increased frequency of intense rains – up an average of 3% and projected to increase to 

20% by 2050; 
�  Increased erosion and contamination of coastal areas; 
�  Sea Level Rise – median projection 40 cm by 2080 – causing increased 
�  salt water intrusion, augmented by storm surges; 
�  Strongest hurricanes more intense, increasing disaster losses; 
�  General increase in extreme events – droughts, floods; and 
�  Increased intensity of heavy rain events – rapid run-off/flash floods, causing soil 
�  erosion, run-off of contaminants, and adverse effects on coastal waters. 

 
According to the IPCC, in the Latin American and Caribbean Region the impact on agriculture 
and food security will be that:   

·  Agricultural land and thus food security will be affected by sea-level rise, inundation, soil 
salinization, seawater intrusion into freshwater lenses, and decline in freshwater supply.   

·  All agricultural production will be affected by extreme events.  
·  Fisheries will be affected by increasing sea surface temperature, rising sea level and 

damage from tropical cyclones. 
 
3.5 Climate Baseline  
 
Mean monthly values for rainfall (Tower Hill, 1966-2006), temperature and maximum and 
minimum temperatures, corresponding to 1991 – 2008, were obtained from the Belize Sugar 
Industries Meteorological Station and the NMS. Mean monthly values for global solar radiation, 
vapour pressure, wind speed and number of rainy days were obtained from the Food Agricultural 
Organization (FAO) published data for Belize’s meteorological stations (FAO, 1985). For the 
Melinda Met Station all data was obtained from the NMS. 
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Specific climate change scenarios for 2028, 2050 and 2100 were derived from published 
transient experiments corresponding to General Ocean/atmospheric circulation models CSIRO 
and HADCM2 and were provided by Belize’s NMS and PRECIS outputs provide by the Cuban 
specialists: the Simple Climate Model (SCM)/General Circulation Model (GCM) combination.   
Of these two, GCM with simple climate model MAGICC was done using the greenhouse gases 
emission scenario IS92e with 2.5 C climate sensitivity. These climate change scenarios were 
available for temperature, precipitation, sea level and atmospheric CO2 concentration only.  

This means that the climate change impacts discussed will be among the highest expected and 
that other emission gases scenarios would lead to less harmful impact. As should be made clear 
this will depend on mankind taking actions or not about the control of emissions and mitigation 
of climate change. 

Annual mean increments for temperature, precipitation and sea level with respect to actual 
values, as well as carbon dioxide (CO2), methane (CH4) and nitrous oxide (N2O) atmospheric 
concentrations are shown in the following table for both climate models and for the IS92e 
greenhouse gases emissions scenario. Sea level rise is calculated here using MAGICC but others 
models like HADCM2 could give higher values than these. 

 

Figure 1: Monthly Rainfall and Temperature Recorded at Towerhill, OW. 



���
�

Table 3: Results for predicted Scenarios 
Variable 2030 2050 2100 

Temperature 
(HADCM2) 

+ 0.9 C + 1.5 C + 3.0 C 

Temperature 

(CSIRO) 

+ 0.8 C + 1.3 C + 2.7 C 

Precipitation 

(HADCM2) 

- 12.9% - 20.6% - 42.3% 

Precipitation 

(CSIRO) 

+ 5.3% + 8.4% +17.2% 

Sea level rise (cm) + 11.17 + 20.26 + 55.17 

CO2 (ppmv) 474.3 568.0 877.7 

CH4 (ppmv) 2 474.3 2 965.5 3 941.2 

N2O (ppmv) 349.8 373.9 421.7 

 

As there are no specific projections for relative humidity, wind speed, global solar radiation and 
monthly number of rainy days, these values were considered as invariants in all projected 
climates. That is why we can call the final climate change scenarios used in this assessment as 
Bultot’s type scenarios (Wolf and Dieppen, 1993). 
 
A climate change scenario created using climate models might not give you all the climate 
variables that your impact model needs (let’s say that relative humidity, global solar radiation or 
wind speed will be unknown). Then you should adopt any reasonable assumption about the 
future values of those variables. You could assume that relative humidity will not change with 
time from 1961-90 values onwards. A scenario built in this way will be named a Bultot’s type 
climate change scenario 
 
3.6 Assessment of Agricultural Sector Vulnerability. 
 
An agricultural vulnerability study was conducted in 1995 under the US Country Studies 
Program.  Future climate scenarios 1 and 2° Celsius warmer accompanied by a ±20% change in 
precipitation were selected. A crop simulation model “Decision Support System for 
Agrotechnology Transfer” (DSSAT3) was used to simulate the yield of upland rice, beans and 
maize under these climates. The model projected a 14 to 19% reduction in yield for beans, a 10 
to 14% reduction for rice, and a 17 to 22% reduction for maize. The temperature rise shortened 
the growing period of the crops, which lowered their yields. Changes in precipitation did not 
affect the growing season; however, it did affect the yield, especially that of maize. 
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The Belize First National Communication indicates that inundation and salinization of 
agricultural lands through salt water intrusion or tidal influences in rivers from which water is 
abstracted for irrigation is a major potential threat consequent to sea level rise.  
 
The assessment was based on results from analyses performed for the Belize National 
Communication, which are briefly described above, and on available background information. 
The vulnerability of the sector was evaluated taking into account the socioeconomic conditions 
with which the potential physical changes would interact. Therefore, agricultural model runs 
were made mainly under incremental climate conditions (changes of +1 and +2.5°C in 
temperature and ±10 and ±20% in precipitation, applied to the baseline climate values covering 
periods of 20 to 30 yr). 
 
3.7 Crop Production Sub-sector Analyses  
 
3.7.1 Sugarcane Sub-sector 
 
The sugar industry is concentrated in the two northern districts close to the Mexican border and 
is the largest agricultural industry in the country, a high contributor to GDP, to export earnings, 
and employment3. The area planted represents around 30% of the total agricultural area, with the 
average farm size of roughly three hectares. Overall, productivity has declined in recent years 
due to poor husbandry practices, excessive ratooning and slow rehabilitation of farms, partly 
resulting from unfavourable market prospects.  Production is done according to registered license 
holders and the price received by cane farmers for sugarcane is high by international standards 
due to the premium prices obtained for sugar in the preferential markets. In general, the transport 
and delivery system is inefficient and costly, with long delays to deliver the harvested cane, 
which reduces efficiency. The sugar industry faces a major challenge due to the increased 
liberalization of global sugar trade and the reform of the Common Agricultural policy which will 
reduce by 36 percent the price currently earned under preferential arrangements. This has made 
increasing the competitiveness of the sugar industry and diversifying the agricultural sector a 
high priority.   

There are 9,036 registered sugar cane license holders in the annual 2001/02 BRQ’s.  Based on 
this data, a census was undertaken to gather information such as location of farms, total 
production, total area under production, costs of production, use of agrochemicals, varieties 
produced, production systems, labour and transportation employed, as well as socio-economic 
data of farmers. 
 
Land use can be classified into four main groups:  sugar cane, other crops, livestock and 
uncultivated.  There are at least 68,518 acres under sugar cane cultivation, 3,046 acres in other 
crops, 2,329 acres are used for livestock production and 30,885 acres are not cultivated (Fig.2  
Land Use).  
 
From the total population interviewed 31% report having high lands, 24% report having flat but 
well drained lands, 16% report having flat lands with poor drainage and 18% report having low 
waterlogged lands (Fig.2 Land Quality).  

                                                 
� �
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Figure 2a: Land Use in the Sugar Producing Areas 
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Table 4a: Land Use in Sugar-Producing Areas 

VARIABLE OW  CZL TOTAL 

MEAN TOTAL MEAN TOTAL MEAN TOTAL 

Sugar cane 17.7 35,228 15.0 33,290 16.3 68,518 

Other Crops 1.1 2,510 0.2 536 0.7 3,046 

Livestock 1.1 2,041 0.1 288 0.6 2,329 

Uncultivated 10.4 21,842 3.2 9,043 6.8 30,885 

 

Table 4b: Land Quality, Sugar cane Census 2001/2002 

VARIABLE OW  CZL TOTAL 

# % # % # % 

High 727 33.7 658 27.8 1,385 30.7 

Flat, Well Drained 524 24.9 486 23.4 1,010 24.1 

Flat, Poorly Drained 353 17.3 357 15.7 710 16.5 

Low, waterlogged 316 16.7 490 18.8 806 17.8 

Don’t Respond 142 7.5 341 14.4 483 10.9 

 
The results of the sugar cane census confirm that majority of the sugar cane producers are small 
producers.  32% of the sugar cane fields are less than 5 acres, 25% are between 5 to 10 acres and 
another 25% are between 25 to 50 acres.  Less than 1% of the cane fields have an area greater 
than 250 acres.  
 
The simulation model results used for this assessment were those obtained from the application 
of the Decision Support System for Agrotechnology Transfer (DSSAT) v4 model for sugarcane 
(CANEGRO). The calibration of the crop models could not be based on field experiments but 
rather conducted through simulations with the cultivars most used in the country (3 cultivars) and 
at different planting dates. The production years used are 1990, 1992 and 2002. 
 
Even though such calibration is considered preliminary due to its short duration, it served the 
purpose of a general vulnerability evaluation of the crops. Validation was performed by 
comparing model outputs with historical data gathered for production yields over at least 10 
years.  
  
3.7.2 Citrus Sub-sector 
 
The citrus industry experienced exceptionally fast growth in the 1990s but declined in recent 
years. It exports its product both into the EU and USA market under preferential arrangements. 



���
�

In recent years, there was renewed optimism for expansion, with yields expected to increase by 
33% and world prices to be higher.  The producers recently became owners of the processing 
factories and in charge of their marketing operations. The industry has planned an expansion into 
blended fruit juices for the Caribbean market aimed at nutrition-conscious consumers. An 
advantage of this management decision is a renewed demand for tropical fruits. If pineapples 
were to be selected, its harvesting season from June to September will not interfere with the 
citrus harvest. This would provide farmers with an important new option for diversification. The 
citrus industry is highly concentrated among a few producers who supply the majority of the 
fruit. The 80% small growers only account for 20% of production. The Belize Citrus Growers 
Association, with a membership of 576 producers in 2006/07, has become a critical player in the 
industry, especially in terms of introducing innovative economic and social assistance programs 
to assist the smaller producers.   

 

Table 5: Orange and Grapefruit Production/Processed: 2001 to 2007 
  

Crop Year Fruit Processed   

Orange (90 lb boxes) 
 2001/2002 4,122,594 
 2002/2003 4,046,295 
 2003/2004 4,946,717 
 2004/2005 6,264,847 
 2005/2006 4,930,959 
 2006/2007 5,221,204 

Grapefruit   (80 lb boxes) 
 2004/2005 1,527,802 
 2005/2006 1,686,567 
 2006/2007  1,504,894 
  

Source: Citrus Growers Association 2008 

 

                            Table 6: Citrus Acreages and Number of Growers 
       Crop year Orange acres Grapefruit acres Total acres # Of growers 

1995-1996       34,584 5,958 40,542       493 
1996-1997        31,903 5,070 36,973       570 
1997-1998        36,099 6,081 42,180       545 
1998-1999        36,099 6,122 42,221       610 
1999-2000        39,515 6,763 46,277        675 
2000-2001        39,235 6,695 45,930        634 
2001-2002        35,801 6,567 42,369        500 
2002-2003        39,387 7,344 46,730        516 
2003-2004              40,623 7,548 48,171        539 
2004-2005        43,051 7,749 50,799        565 
2005-2006        40,490 6,925 47,415        537 
2006-2007        39,262 6,960 46,223        576 
Source: Citrus Growers Association 2008 
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Table 7: Citrus Delivered According to Grower Size for Crop  Year 2006/07 

Total Number of Boxes 
Delivered by Grower 

  
        Total boxes delivered 

 
  Orange Grapefruit 

300,001 and over   1,193,056 354,048 
200,001 - 300,000  754,520 385,421 
100,001 - 200,000  863,139 130,743 
50,001 - 100,000  771,627 265,353 
20,001 - 50,000  817,175 198,314 
10,001 - 20,000  228,798 41,239 
5,001 - 10,000  180,498 26,047 
4,001 - 5,000  68,333 21,682 
3,001 - 4,000  63,570 12,914 
2,001 - 3,000  66,529 20,258 
1,001 - 2,000  120,677 27,417 
501 - 1,000  58,753 13,181 
301 – 500  19,522 3,418 
101 – 300  13,383 4,525 
01 – 100   1,624 334 

Total/Average   5,221,204 1,504,894 
NB: Of  576 growers who delivered citrus in 06/07, 23 delivered only grapefruit 
Source: Citrus Growers Association 2008 

 
The simulation for Citrus was done using CROPWAT as no other available model reviewed has 
been utilized to simulate citrus growth. The climatological data was based on information 
provided by the Meteorological Service for the Melinda Station as well as other production 
statistics provided by the Citrus Growers Association.  
 

3.8 Crop Model Inputs and Simulations 
  
As indicated above the crop simulation models used was DSSAT v4 CANEGRO model and 
also CROPWAT for sugarcane and the CROPWAT for citrus. The DSSAT model simulates 
crop responses to change in climate, farm management variables, soils and different levels of 
CO2 in the atmosphere. This model simulates physiological responses to major climatic factors 
taking into consideration soils and management. 
 
The simulations performed for this assessment considered rain-fed production as irrigation is 
practically non-existent in sugar and citrus. Fertilizer applications were assumed to be optimal at 
all sites. The crop models assumes that crops such as rice, potatoes, and most vegetable crops, 
tend to respond favourably to increased CO2, with a doubling of CO2 leading to yield increases 
in the range of 15- 20%. Other crops including corn, sorghum, sugarcane, and many tropical 
grasses, were assumed to be less responsive to CO2, with a doubling of the gas leading to yield 
increases of about 5%. 
 
The simulation results depend on the general assumption that soil nutrients are not limiting, and 
that pests, insects, diseases, and weeds pose no threat to crop growth and yield. One important 
consequence of these assumptions is that positive crop responses to elevated CO2, responsible 
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for one-third to one-half of the yield increases simulated in the Assessment studies, should be 
regarded as upper limits to actual responses in the field. One additional limitation that applies to 
this study is the models’ inability to predict the negative effects of excess water conditions on 
crop yields. Given the “wet” nature of the scenarios employed, the positive responses projected 
in this study for rain fed crops, under both models may be overestimated.  
 
These assumptions had to be made due to the serious lack of data and as a result yields will tend 
to be overestimated. These will include no irrigation, adequate nutrient supply and adequate pest 
management. It is also assumed that no extreme events occurred during the growing season. 
 
The CROPWAT model is a decision support system developed by the Land and Water 
Development Division of FAO for planning and management of irrigation. CROPWAT is meant as a 
practical tool to carry out standard calculations for reference evapo-transpiration, crop water 
requirements and crop irrigation requirements, and more specifically the design and management of 
irrigation schemes. It allows the development of recommendations for improved irrigation practices, 
the planning of irrigation schedules under varying water supply conditions, and the assessment of 
production under rain fed conditions or deficit irrigation. 
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4.  RESULTS AND DISCUSSION 
 
4.1 Vulnerability of crops to climate change: 
 
As described below, it was observed that the effects of potential climate changes on the Belizean 
agricultural sector would vary in type and sign (that is, whether the effect is positive or negative) 
for different production systems depending on the ecological zone. A series of feasible measures, 
both anticipatory and reactive, were preliminarily identified to respond to these changes. 
 
Climate change would affect the normal environmental conditions required by the crops, 
consequently affecting their cycles. For example barley, which is very sensitive to its 
environment, would be particularly vulnerable to changes in climatic parameters. Romero 
(1996), based on CERES-barley outputs and analysis of historical series, observed that a 
considerable decrease in yield could occur as a result of an increase in winter temperatures. The 
impact would be due, on the one hand, to the crop’s requirements for cold temperatures not being 
fulfilled and, on the other, to a reduction in the duration of the growth cycle. The latter could 
result from the lack of response to the photoperiod by the barley cultivars, which react to 
accumulated thermal time rather than to the duration of daylight. Further, as a result of an earlier 
flowering date induced by higher temperatures, the incident solar radiation during the grain-
filling period would be lower, and yield would be consequently reduced. 
 
Maize, mostly produced in Belize under rain-fed conditions, is usually affected by soil water 
deficiencies during summer. The environmental conditions for maize crops would be worsened if 
the future climate entailed a decrease in precipitation. On the other hand, the potential increase in 
temperature could result in lower yields due to a reduction in the duration of the crop cycle. 
Climate change might favour maize production only if the amount of rainfall during summer 
increased, provided that nitrogen deficiencies are controlled. The behaviour of maize crops under 
climate change scenarios has been further analyzed by Tzul et al (1995) based on DSSAT v3 
CERES maize model outputs. 
 
4.1.1 Sugarcane 
 
Future climate scenarios of 1° and 2.5° Celsius warmer accompanied by a ±12% for the year 
2028 and ±20% for the year 2050 change in precipitation were selected. A crop simulation model 
“Decision Support System for Agrotechnology Transfer” (DSSAT4) and CROPWAT was used 
to simulate the yields of sugarcane using the average and baseline climate data for control. The 
CROPWAT model projected 11.9% reduction in yield for sugarcane for 2028 with 12mm less 
rainfall and 17.4% reduction for 2050 with 20mm less rainfall. Using the 2028 scenario with an 
additional 12mm rainfall yields still fell by 4.5%. The temperature rise shortened the growing 
period of the crops, which lowered their yields. Changes in precipitation did not affect the 
growing season. However, it did affect the yield, especially when there were periods of low or 
high rainfall. 
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Box 2: Modelling Results 

Baseline (control) Yield Reduction for Sugarcane: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 0.0% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 0.0% 
                                                -------- 
- Estimated total yield reduction               = 0.0% 
 
2028 (-12mm Precipitation) Predicted Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 0.0% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 55.0% 
                                                -------- 
- Estimated total yield reduction               = 11.9% 
 
2028 (+12mm Precipitation) Yield Reduction: 
  
- Estimated yield reduction in growth stage # 1 = 0.0% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 20.7% 
                                                -------- 
- Estimated total yield reduction               = 4.5% 
 
2050 Predicted Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 0.0% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 1.5% 
- Estimated yield reduction in growth stage # 4 = 75.8% 
                                                -------- 
- Estimated total yield reduction               = 17.4% 

 
The DSSAT model on the other hand projected a yield of 14923kgs/ha for 1990 or the baseline 
year. For the year 2028 with plus temperature and precipitation the predicted yields were 
59,256kgs/ha while for the minus temperature and precipitation the predicted yields were 
27,657kgs/ha. For the year 2050 plus the predicted yields were 58,884 kgs/ha while for 2050 
minus the prediction was for 36,748kgs/ha. This model then suggests that yields will increase 
with increment of rainfall and the corresponding rise in temperature. The period for growing 
cane will be more favourable throughout the year. 
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This contrasts with the CROPWAT results because of the sunshine hours used as well as other 
parameters used in DSSAT that is not used in CROPWAT. 
 
Sugarcane tolerates a wide temperature range and does well in well drained calcareous soils. 
Sugarcane is a C4 crop and yields is expected to increase with CO2 will not be reduced 
significantly if improved crop management and irrigation and drainage is implemented. 
 
Fig 2: DSSAT Results for Sugarcane 

 
 
 
 
With respect to season length it can be concluded that the days for the sugar cane to become 
mature is shortened. It went from a little over 220 days for the base year to 338 days for 2028 
and reduced to approximately 90 day for 2050 which indicated that temperature is more 
influential factor that influences growth. See figure 3 below. 
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4.1.2 Citrus 
 
CROPWAT was used to simulate the yields of citrus using the average climate data from 
Melinda for control. The model with the actual sunshine hours predicted there is no yield 
changes in the different scenarios which when compared to the predicted yields above indicates 
that citrus will not be impacted much. However, when running the model using 8 and 9 hours 
sunshine day projected a 1.4% reduction in yield for citrus for the base year, which is probably 
due to a dry month and not enough precipitation. For 2028 with 12mm less rainfall the predicted 
reduction was 3.4% in yields and 5% reduction for 2050 with 20mm less rainfall. Using the 2028 
scenario with an additional 12mm rainfall yields remained the same. The temperature rise 
shortened the growing period of the crops, which lowered their yields. Changes in precipitation 
did not affect the growing season. However, it did affect the yield, especially when there were 
periods of low or high rainfall since no irrigation is used.  
  
 
 
 
 
 
 

Figure: 3: Box Plot of Harvest Dates for Citrus 
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Box 3: Modelling Results for Citrus (using actual sunshine) 

Baseline Yield Reduction (same for 2028 and 2050) 
------------------  
- Estimated yield reduction in growth stage # 1 = 0.0% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 0.0% 
                                                -------- 
- Estimated total yield reduction               = 0.0% 

 
 
Box 4: Modelling Results for Citrus (using 9 hours sunshine) 

Base line (control) Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 2.1% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 4.2% 
                                                -------- 
- Estimated total yield reduction               = 1.4% 
 
2028 Predicted Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 4.3% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 14.5% 
                                                -------- 
- Estimated total yield reduction               = 3.4% 
 
2050 Predicted Yield Reduction: 
------------------ 
- Estimated yield reduction in growth stage # 1 = 5.8% 
- Estimated yield reduction in growth stage # 2 = 0.0% 
- Estimated yield reduction in growth stage # 3 = 0.0% 
- Estimated yield reduction in growth stage # 4 = 24.2% 
                                                -------- 
- Estimated total yield reduction               = 5.0% 

 
Reilly et al (2002) in their assessment of US agriculture arrived at the conclusion that citrus. 
Production largely benefited from the higher temperatures projected under all scenarios. 
Simulated fruit yield increased in the range of 60 to 100%, while irrigation water use decreased. 
Crop losses due to freezing diminished by 65% in 2030, and by 80% in 2090. 
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4.2 Economic Impacts  
 
Sugarcane production is an important activity in Belizean agriculture. Based on the actual sales 
and selling prices in 2005/2006, it is estimated that the Belizean Sugar industry contributed 
US$52.6 million to the country’s foreign exchange earnings. Employment within the sugar 
industry is approximately 5,000 jobs, direct and indirect employment is estimated at 25,000 
people and there are approximately 80,000 dependent on the sugar industry (MAF). Given these 
contributions, any factor affecting the industry has an impact on its contribution to the total GDP 
of agriculture and hence to the overall economy. 
 
Using the DSSAT4 to model the economic analysis indicated that using the base value of $40.00 
per ton in 1990 and cost of production of $872 per acre with the simulated yields from the results 
indicate that the most efficient year would be 2028 with increased temperature and rainfall. The 
analysis also indicates that currently farmers are losing money with the current yields. 
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In summary the direct impact can be summarized as follows. 
 
 
 
 

Figure: 4: Box Plot of Monetary Returns per Hectare 
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Direct Economic Impact US$’000, based on 2006 figures, plus 10% NPV 
 
SUGARCANE  
 
a)  Est. total yield reduction                = 11.9% 
  Est. total direct economic loss       = 11.9x$52.6x1.1    
                   = US$6.89 mn (13% of total) 
b)  2028 (+12mm precipitation) 
  Est. total yield reduction               =4.5% 
  Est. total direct economic loss      =4.5x$52.6x1.1 
                   =US$2.60 mn (4.94% of total) 
c)  2050 (-20mm precipitation) 
  Est. total yield reduction               =17.4% 
  Est. total direct economic loss       =17.4x$52.6x1.1 
                   =US$10.067 mn (19.14% of total) 
 
In 2006 the value of citrus production was US$54.5 million. It has become the number one 
export commodity in recent years. It employs approximately 30,000 persons and there are 70,000 
persons who are dependent on the citrus industry. 
  
For citrus the direct impact can be summarized as follows: 
 
Preliminary Economic Impact US$’000, based on 2002 figures, plus 10% NPV 
 
CITRUS 
a)  2028 (-12mm precipitation): 
  Est. total yield reduction                = 1.4% 
  Est. total direct economic loss       = 1.4x$54.5x1.1    
                   = US$0.839 mn (1.54% of total) 
b)  2028 (+12mm precipitation) 
  Est. total yield reduction               =3.4% 
  Est. total direct economic loss       =3.4x$54.5x1.1 
                   =US$2.038 mn (3.74% of total) 
c)  2050 (-20 mm precipitation) 
  Est. total yield reduction               =5% 
  Est. total direct economic loss       =5x$54.5x1.1 
                   =US$2.998 mn (5.71% of total) 
 
Like other agricultural sectors, sugarcane and citrus production is expected to be influenced by 
climate change. So far there has not been any study to address the economic impact of climate 
change on sugarcane farming and farm level adaptations that sugar farmers make to mitigate the 
potential impact of climate change and the situation is similar for citrus. 
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Calculating the economic losses by yield reduction is easy but other indirect cost will be more 
difficult to calculate. Similarly for citrus with no effect on yields it means that there could be 
economic benefits with the appropriate management in place. 
 
4.3.  Response options and capabilities: 
 
A most likely response with regard to crop production is the progressive adaptation of the 
cultivars to the new environmental conditions. This might occur both as a natural and as a 
human-induced process, through either selection of varieties suited to new conditions or genetic 
improvement. To reduce the potentially negative effects of an increase in temperature during 
certain development and growth stages, varieties with modified cycles as compared with the 
currently used cultivars would be required in the case of both crops. In the case of cane, 
adaptation should be directed toward taking advantage of the potentially positive effect of an 
increase in temperature. 
 
In response to an excess of soil water under an increased precipitation scenario in the case of 
sugarcane better drainage will be needed as well as improved harvesting practices to maintain 
quality. In the case of citrus improved drainage infrastructure is needed. New cultivars with 
higher resistance to soil anaerobiosis would be appropriate. Resistance to diseases and pests, 
likely to become an increasing problem under scenarios with higher temperature and 
precipitation conditions relative to the baseline climate, should also be considered. The capability 
at the national level for testing new cultivars and conducting genetic improvement is reasonably 
inadequate. High levels of research experience as well as the technical and logistical capacity for 
this purpose are lacking in institutions such as Central Farm, UB, BCFA and CGA. 
 
Changes in management practices are also feasible as reactive measures to respond to climate 
change. This could include, for example, changes in planting dates to compensate for the crop 
cycle modifications induced by new weather pattern such as temperature conditions, rainfall 
distribution and intensity. Fertilization to compensate for N loss under excess soil water 
conditions, and irrigation under decreased precipitation will be necessary as part of the 
agronomic management. 
 
Although the chances of timely adaptation to temperature changes are fairly good (which does 
not mean that there will be no negative impacts or costs involved), the response to precipitation 
changes is of greater concern. First, the uncertainties as to the sign and magnitude of the changes 
prevent appropriate planning. Second, the possibility of precipitation variability being augmented 
implies that current unfavourable conditions resulting from climate variability might be 
worsened. Third, adaptation to either positive or negative changes in precipitation (such as 
fertilization and irrigation, respectively) would be costly. A thorough cost-benefit analysis would 
therefore be required. Independent of their cost, responses to precipitation changes are 
considered to be technically possible. 
 
Adoption of policy measures would be required (for example, credits or tax exemptions) to 
facilitate their implementation. Government-producer Associations partnerships with support 
from international organizations, such as those that assist in the development of irrigation 
capacities in the country, are appropriate mechanisms for facilitating the adaptation process. In 
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addition, technological development applied to agricultural production, which is increasingly 
being paid attention to by national farmers, would improve crop yields and establish more 
favourable conditions for responding to environmental changes. 

 

5. ASSESSMENT OF CAPACITY TO ADAPT TO CLIMATE CHANG E BY THE 
SUGARCANE AND CITRUS SUBSECTORS 

Agriculture, rural livelihoods, sustainable management of natural resources and food security are 
inextricably linked within the development and climate change challenges of the twenty-first 
century. Indeed, not only is food security an explicit concern under climate change; successful 
adaptation and mitigation responses in agriculture can only be achieved within the ecological, 
economic and social sustainability goals set forth by the World Food Summit, the Millennium 
Development Goals and the UNFCCC. 
 
As discussed in IPCC Fourth Assessment Report (AR4) Working Group II (WGII), adaptation 
and mitigation under climate change will require dynamic policies to cope with the high level of 
uncertainty in the timing and magnitude of potential climate changes and the rapidly evolving 
knowledge. Furthermore, climate change adaptation policies will interact with sustainable 
development and natural resource management, such as those necessary to protect human and 
animal health, foster governance and political rights.  
 
It added that frameworks should also be able to integrate the social and biophysical aspects of 
vulnerability to climate change. The report from the Panel also suggests that poverty alleviation 
and elimination should be an integral part of any adaptation strategy. Previous adaptation 
strategies were primarily science and research oriented. Current vulnerability assessment offers 
an opportunity to develop policy frameworks that focus on such things as poverty alleviation, 
alternative livelihoods, protection of the commons and the strengthening of collective action.   

The Government of Belize, as part of its macro development plan, currently is committed to 
achieving the Millennium Development Goals as some of the major objectives for development 
in Belize. Goal #1 is to “Eradicate extreme poverty and hunger” and Goal #7 is to “Ensure 
environmental sustainability”.  These development objectives provide an opportunity for the 
integration of adaptation strategies into the overall national development plan. Although climate 
change is a global issue, local efforts can help maintain and enhance resilience and mitigate some 
of the longer-term challenges from climate change. Because much cannot be done to combat the 
physical aspects of climate change, there is the need to manage properly and to limit negative 
human impact on these systems, in an effort to provide the conditions for agro ecosystems to 
develop resilience. 

5.1 Adaptation Initiatives   

As part of the vulnerability assessment, Belize’s capacity to adapt to climate change will be 
evaluated under the following headings: Crop Yield Changes, Changes in Economic Impacts, 
Resource and Environmental Effect (Changing water demands for irrigation, Surface water 
quality and increasing pesticide use) and Climate Variability. 
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5.1.1 Crop Yield Changes 

The Agriculture Department has responsibility for all agriculture-related activities including the 
management and control of agrochemicals and cultivated species. In this area no institution is 
conducting research at a scientific level so that information is severely deficient in terms of 
yields, acreages and climatic data. As it is known certain management practices has to be 
implemented. In sugar for example, harvesting methods have to improve to reduce mud in the 
cane delivered to the factory. Other examples will be changing planting dates for sugarcane but 
this is not practical for a perennial crop such as citrus.  

Independent of their cost, responses to precipitation changes are considered to be technically 
possible. Both the CGA and CFA have to develop the capacity to implement drainage and 
irrigation programs as well as to create awareness about the expected impacts of climate change 
to the general membership. 
  
5.1.2 Changes in economic impact 

It must be emphasized that there is lack of socio-economic data, or indeed development 
indicators and relevant tools for enhancing the assessment of the economic impact of climate 
change on the sugar and citrus sector. It must be noted that global warming can have an effect 
where the temperate countries will be able to produce higher yields as well as more conducive 
growing season for both sugarcane and citrus. In the US assessment it results indicate that citrus 
yield will improve as well as sugarcane. 
 
It is expected that the economic impact on the Belizean agriculture sector will result in 
redistributed changes between producers and consumers. The direction will depend on the 
direction of effect on world prices as it is expected that supplies will exceed demand. Lower 
prices increases producer losses and add to consumer benefits. Higher prices reduce producer 
losses and consumer benefits. 
 
5.1.3 Resource and Environmental effects 

In terms of improving the coverage of potential impacts of climate change on agriculture, this 
study has made advances over the previous assessments. Some of the advances were in the area 
of resource and environmental effects by including environmental modification in the DSSAT 
simulations.  Details of the studies underlying this summary are given in the modelling outputs. 
 
Demand for land.  
 
Agriculture’s pressure on land resources will generally in Belize given the global increase in the 
price of food. This will result in excessive land clearing that can contribute to flash floods in 
extreme events such as the one that occurred recently. 
 
Demand for water,  
 
At the national level, the models used in this Assessment indicated irrigated agriculture’s need 
for water will declined approximately 5-10% for 2030 and 30-40% for 2090 climate conditions 
as represented in the two scenarios. At least two factors are responsible for this reduction in 
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water demand for irrigation. One was increased precipitation in some agricultural areas. The 
other was that faster development of crops due to higher temperatures resulted in a reduced 
growing period and thereby reduced water demand. In the crop modelling analyses done for the 
Assessment, shortening of the growing period reduced plant water-use enough to more than 
compensate the increased water losses from plants and soils due to higher temperatures. 
 
Improved water management for drinking and agriculture through understanding water flows and 
water quality, improved rainwater harvesting and water storage and diversification of irrigation 
techniques will need to be taken into consideration. Agriculture uses of water compete with 
urban and industrial uses and tight economic management is necessary to avoid unsustainable 
use of the resource. Aquifer discharge is through pumping and artesian spring discharge. 
 
Surface water quality. 

Potential effects of climate change on water quality in Belize must be considered very uncertain 
because current climate models may not fully represent the effects of extreme weather events 
such as floods or heavy downpours, which can wash large amounts of fertilizers, pesticides, and 
animal manure (used in sugarcane and citrus subsectors) into surface waters. This is the same 
water that is used to supply potable water to the general population. 
 
Soil erosion and nutrient runoff from crop and livestock production have played a major role in 
the health status of the barrier reef. 

 
Pesticide expenditure 

The approach used in the Assessment did not consider increased crop losses due to pests, 
implicitly assuming that all additional losses were eliminated through increased pest control 
measures. This may underestimate pest losses. Expenditures will increased under the climate 
scenarios considered for both crops as it is expected that new pest and disease will evolve with 
climate change. The increase in pesticide expenditures could increase environmental problems 
associated with pesticide use, but much depends on how pest control evolves over the next 
several decades. Pests develop resistance to control methods, requiring a continual evolution in 
the chemicals and control methods used. 

 

5.1.4 Climate Variability 

Ultimately, the consequences of climate change for Belizean agriculture hinges on changes in 
climate variability and extreme events. Agricultural systems are vulnerable to climate extremes, 
with effects varying from place to place because of differences in soils, production systems, and 
other factors. Changes in precipitation type (rain and hail), timing, frequency, and intensity, 
along with changes in wind (windstorms and hurricanes), could have significant consequences. 
Heavy precipitation events cause erosion, waterlogging, and leaching of animal wastes, 
pesticides, fertilizers, and other chemicals into surface water and groundwater. While all of the 
risks associated with these impacts are not known, the system is known to be sensitive to 
changes in extremes. The costs of adjusting to such changes will likely increase if the rate of 
climate change is high, although early signals from a rapidly changing climate would reduce 
uncertainty and encourage early adaptation. 
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One major source of weather variability is the El Niño/Southern Oscillation (ENSO) 
phenomenon. ENSO phases are triggered by the movement of warm surface water eastward 
across the Pacific Ocean toward the coast of South America and its retreat back across the 
Pacific, in an oscillating fashion with a varying periodicity. Better prediction of these events 
would allow farmers to plan ahead, planting different crops and at different times. The value of 
improved forecasts of ENSO events has been estimated at approximately $500 million per year. 
ENSO’s effects can vary from one event to the next. Predictions of the details of ENSO-driven 
weather are not perfect. There are also widely varying effects of ENSO across the country. The 
temperature and precipitation effects are not the same in all regions; in some regions the ENSO 
signal is relatively strong while in others it is weak, and the changes in weather have different 
implications for agriculture in different regions because climate-related productivity constraints 
differ among regions under neutral climate conditions. 
 
As climate warms, ENSO is likely to be affected. Some models project that El Niño and La Niña 
events and their impacts on Belizean weather will become more intense with climate change. 
The potential impacts of projected changes in frequency and strength of ENSO conditions on 
agriculture were modelled in this Assessment. 
 
5.2 Conclusions 
 
Belize is considered to be sensitive to long-term climate changes as a result of their potential 
effects on sectors of particular socioeconomic importance, such as agriculture and coastal 
development. Although there is a general consensus at the international level on the future 
conditions related to global warming, the uncertainties with respect to the size and magnitude of 
precipitation changes and climate variability patterns result in uncertainties as to future 
conditions for such sectors in Belize. 
 
The effects of climate change on crop production would differ depending on the crop involved. 
While an increase in temperature might be detrimental particularly for certain crops, it could 
have a positive effect on some summer crops such as rice. With regard to precipitation, its 
increase could be detrimental to vegetable crops but favourable for rain fed perennial crops such 
as sugarcane and citrus. The effects of a decrease in precipitation would be, roughly, opposite. 
 
With appropriate response measures adopted in a timely manner, the overall sustainability of the 
sugar and citrus subsector and the overall agricultural sector would probably not be at a 
significant risk. The adoption of technical measures (such as genetic improvement and changes 
in management practices) would be feasible given the long-term experience of agricultural 
production in Belize. Implementation of policy measures and response strategies consistent with 
the new environmental and production conditions would be required. 
 
Independent of the national situation, it should also be taken into account that the agricultural 
sector would continue to be affected by international trade conditions. A potential increase in 
world food demand affecting Belizean exports (whether related or not to climate change) would 
result in the increased overall opportunities in sugar, citrus and other crops of the sector. 
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In summary, there is need in Belize to develop appropriate technical capacities to respond to 
climate change in order to reduce the impacts on major economic activity sectors. However, a 
considerable effort is still required to develop the relevant intra- and inter-sectoral plans and 
policies with the consensus of the government and the private sectors. 
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6. RECOMMENDATIONS 
 
General 
 
It follows that a significant challenge of climate policy is to identify and then develop 
instruments that allow for a portfolio of adaptation and mitigation strategies that are effective in 
time and space and focus on balancing actions across the most appropriate sectors, and within the 
chosen scope of specific climate response policies. In the case of a focused priority on food 
security and rural vulnerability, a number of limitations on the usefulness of certain mitigation 
strategies may emerge with respect to adaptation requirements. 
 
One important example is related to bioenergy and biofuel production which, as a mitigation 
strategy, may have benefits for rural incomes and thus development. However, in order to 
prevent serious negative repercussions on food prices, ecosystem functions including 
biodiversity and carbon cycling, and local food availability, they need to be planned at the 
appropriate national level and in conjunction with a focused rural development policy. 
 
 
Box 5. Adaptation strategies in agriculture 
 

�  Altering inputs, varieties and species for increased resistance to heat shock and drought, 
flooding and salinization; altering fertilizer rates to maintain grain or fruit quality altering 

amounts and timing of irrigation and other water management; altering the timing or 
location of cropping activities. 

�  Managing river basins for more efficient delivery of irrigation services and prevent water 
logging, erosion and nutrient leaching; making wider use of technologies to “harvest” 
water and conserve soil moisture; use and transport water more effectively. 

�  Diversifying income through the integration of activities such as livestock raising, fish 
production in rice paddies, etc. 

�  Making wider use of integrated pest and pathogen management, developing and using 
varieties and species resistant to pests and diseases; improving quarantine capabilities and 
monitoring programmes. 

�  Increasing use of climate forecasting to reduce production risk.  
�  Matching livestock stocking rates with pasture production, altered pasture rotation, 

modification of grazing times, alteration of forage and animal species/breeds, integration 
within livestock/crop systems including the use of adapted forage crops, re-assessing 
fertilizer applications and the use of supplementary feeds and concentrates. 

�  Undertaking changes in forest management, including hardwood/softwood species mix, 
timber growth and harvesting patterns, rotation periods; shifting to species or areas more 
productive under new climatic conditions, planning landscapes to minimize fire and 
insect damage, adjusting fire management systems; initiating prescribed burning that 
reduces forest vulnerability to increased insect outbreaks as a non-chemical insect 
control; and adjusting harvesting schedules. 

�  Introducing forest conservation, agro forestry and forest-based enterprises for 
diversification of rural incomes. 

(Howden, et al., 2007) 
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Climate change adaptation strategies should aim at maintaining, or even increasing, food 
production in key exporting developed and developing regions, or in regions key to regional food 
security. Any significant change in food production in these areas, including change resulting 
from climate change impact, has potential to affect global and regional availability, stability and 
access to food through direct and indirect repercussions on international and local markets. 
 
The recommendations made in previous assessments have met with limited success for a number 
of reasons, including lack of funding, lack of coordination and unavailability of personnel. Other 
observations made during this current assessment are: 

·  the lack of political will that is hidden under the guise of development and  

·  the fear of public officers to make decisions that might be technically sound but 
politically unpopular. There are no recommendations for these.  

Inherent in these recommendations is the need to monitor and evaluate. The recommendations 
that are made below seek to optimize the available time, human and financial resources. This is 
not always possible as some recommended actions are inherently time, labour or financially 
intensive.    Based on the evaluation of capacity, it is evident that many of the structures required 
for adaptation to climate change are already in place and that what is needed is consistent 
implementation.  The greater the capacity to adapt, the less vulnerable to climate change the 
country will be. 

Specific Recommendations related to: 

a) Climate Change 

6.1 Improve data collection: 
6.1.1 Agro climatic – BCFA and CGA should in automatic weather stations 
6.1.2 Agronomic data in both subsectors in terms of yields, acreages and other relevant 

information. 
 
6.2 Improved Data Management: 

 
6.3 Increasing use of climate forecasting to reduce production risk by providing timely and 

reliable agro-climatological/seasonal forecast to citrus and sugarcane subsectors. 
 

6.4 Conduct vulnerability-mapping projects for the sugar and citrus producing areas to 
inform producers to avoid risk prone areas. 
 

6.5 Invest in new technical or management strategies in order to address existing inadequate 
options that are or would be necessary to respond to the projected climate changes and 
climate variability. 
 

6.6 Conduct training in socio-economic impact assessment of climate change. 
 

6.7 Develop crop insurance in the citrus and sugar growing areas of Belize. 
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6.8 Develop an incentive programme that encourages the productive sector to actively 
participate in implementing practices that mitigate and adapt to climate change. 
Mainstream best practices such as water usage, reduced gas consumption and garbage 
reduction through rebates and tax incentives. It is human nature that most people will not 
participate in programmes that they cannot benefit from in some way. There is really no 
incentive for people to change their habits if doing so will not make any appreciable 
difference to them. There is opportunity to provide tax and import duty incentives or 
points rewards farmers who use clean eco-friendly production technology. 
 

6.9 Develop a Public Awareness and Education Strategy. 
There is the need to develop public awareness and information dissemination strategy 
that involve all the organizations in the sugar and citrus subsectors and is targeted to all 
sectors of the population, especially the producers and grass roots. Develop public 
awareness by keeping the public informed of developments through the media, talk 
shows, newspaper articles, special events etc, and make them user friendly. Climate 
Change should not be made to seem a special event in itself but should be presented as an 
integral part of everything that is happening. The cause and effect link needs to be made. 
 

b) No regrets measures 
 
6.10 Strengthening and capacity-building of research institutions in the subsectors and 

Ministry of Agriculture. 
There is need for institutional capacity to conduct experiments and run modelling through 
simulations using available software. 
 

6.11 Promote better land and land use management through erosion control and soil 
conservation measures. 
  

6.12  Establish a functional Information and Networking Program. 
 
There is the need to collect, collate, catalogue and copy all the technical information that 
is currently scattered across the various subsectors, government agencies and NGO 
partners. This will serve the dual purpose of i) making the information readily available 
and ii) indicating gaps in the information needed for proper management.    
 

6.13 Improve the coordination of interagency cooperation on a national, regional and 
international level to exchange of information on matters related to climate change as it 
relates to the agricultural sector namely citrus and sugar subsector.  
 

6.14 Revise, update and streamline the current agricultural legislations and policies to make 
them relevant, to eliminate overlaps and close existing gaps as well as to consider climate 
change. 
 

6.15 Develop sound strategies to increase compliance particularly with regard to agricultural 
development. 
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The general concern within the regulatory agencies is the shortage of resources. In most 
cases the compliance functions are dropped when resources get scarce. Given the 
importance of compliance programmes it is vital that new ways be found to keep them 
going. 
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