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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 | bring to you a gift — yes, a tree

Joy Westby
Principal of Stella Maris Schc. Belize Cit
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Introduction

Agriculture continues to be one of the major pdlaf the Belize economy and is the foundation
of the productive sector and livelihoods in rured¢as. At least 35% of GDP ($338 million at
constant prices) and 41% of total employment isdlly dependent on agriculture, fisheries &
forestry. In 2002 agricultural exports contribu@@Pb to total domestic exports. The traditional
crops (sugar, citrus and bananas) and fish prodamtsunted for 92% of total agricultural

exports (excludes forestry products) while nonitradal agricultural exports (papayas, peanuts,
black eye peas, cocoa beans, honey, chicle, anpepgwoducts) accounted for only 8% of
agricultural exports.

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

The Climate of Belize

Belize’s climate has traditionally been defined dywvet season (June to October) and a dry
season (November to May). Two major climatic tymkstified are Tropical and Sub- tropical.
Average annual rainfall totals exceed 4,064 mm (ib6éBes) on the eastern slopes of the Maya
mountains and elsewhere in the Toledo District. wairtotals in the north over the Corozal,
Orange Walk and northern Cayo districts are abgb®4l mm (60 inches). Annual totals are
between 1,778 mm (70 inches) and 4,064 mm (160es)cklsewhere in the central regions
increasing in average from north to south. Colahabpassages during the months of November
to February influence the period of transition froviet to Dry. Four geographical features have
been identified that influence Belize's climatdaid, coastal, mountain/valley and latitude. In
addition, five topographical zones have also besfindd; the Northern Plains, the Belize River
Basin, Mountainous, Southern Central Plains, and&on Hilly.

Vulnerability and Adaptation to Climate Change

The goal of this crop vulnerability and adaptatassessment is to evaluate the expected climate
change impacts in the agricultural sector, undepua climate change scenarios, as it pertains to
changes in yields foBugarcane and CitrusThe DSSAT 4 and th€ropwat crop modelling
software were used to simulate yields for differedults obtained from the PRECIS Climate
Model.

Some specific objectives include:

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

b) Highlight the expected effects (impact) of climatenge by quantifying crop yields and
season lengths.



c) Project the economic consequences and implicattdndimate change on these sub-
sectors.

d) Present results to main stakeholders at a workahdpmbtain feedback

e) Build capacity among some stakeholders in the 685&AT via a seminar / workshop.

f) Present results and recommendation of adaptaticesunes to reduce the impacts of
climate change on Agricultural Sector to SNCs prbgirector.

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

Methodology

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

The report focuses on:

i) Vulnerability by crop

i) Evaluation of adaptation efforts and activitiessi§psector

i) Recommendations for improving adaptation and mibgeefforts on a national and
subsector level.

The IPCC defines vulnerability a3 He degree to which a system is susceptible tonable to
cope with, adverse effects of climate change, distuclimate variability and extremes.
Vulnerability is a function of the character, mafyie, and rate of climate variation to which a
system is exposed, its sensitivity, and its adegpacity

Results and Discussion

Climate change would affect the normal environmlertanditions required by the crops,
consequently affecting their cycles. Some cropsh st maize, that are produced in Belize under
rain-fed conditions are usually affected by soiltevadeficiencies during summer. These crops
would be negatively impacted by future climate #etha decrease in precipitation. Future
climate scenarios of 1° and 2.5° Celsius warmeomganied by a + 12% for the year 2028 and
+20% for the year 2050 change in precipitation weelected. The DSSAT4 and CROPWAT
Models were used to simulate the yields of suga@and citrus using the average and baseline
climate data for control. Results show the follogrin

For sugarcane, using a four stage growing season:



Yield Reduction for Sugarcane

Baseline (control):

- Estimated yield reduction in growth stage # 1690
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 4.690

- Estimated total yield reduction D%

2028 (-12mm Precipitation) Predicted Yield Reductio
- Estimated yield reduction in growth stage # 1690

- Estimated yield reduction in growth stage # 2690

- Estimated yield reduction in growth stage # 3690

- Estimated yield reduction in growth stage # 45056

- Estimated total yield reduction £.9%
2028 (+12mm Precipitation) Yield Reduction:

- Estimated yield reduction in growth stage # 1690
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 40=/2%

- Estimated total yield reduction 5%

2050 Predicted Yield Reduction:

- Estimated yield reduction in growth stage # 1690
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 35%
- Estimated yield reduction in growth stage # 45-8%

- Estimated total yield reduction 4%

Yield Reduction for Citrus

Base line (control) Yield Reduction:

- Estimated yield reduction in growth stage # 112
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 4294

- Estimated total yield reduction A%



2028 Predicted Yield Reduction:

- Estimated vyield reduction in growth stage # 1.3%

- Estimated yield reduction in growth stage # 2690

- Estimated yield reduction in growth stage # 3690

- Estimated yield reduction in growth stage # 44-5%

- Estimated total yield reduction 4%

2050 Predicted Yield Reduction:

- Estimated yield reduction in growth stage # 18%
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 442%

- Estimated total yield reduction D%

Economic Impact

Direct Economic Impact for Sugarcane in US$'00Gdabon 2006 figures, plus 10% NPV

Est. total yield reduction =11.9%
Est. total direct economic loss = 11.9x8$%2.1
= 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
=US$2.60 mn (4.94% of total)
2050 (-20mm precipitation)
Est. total yield reduction =17.4%
Est. total direct economic loss =17.4x$%52.6
=US$10.067 mn (19.14% of total)

Direct Economic Impact for Citrus in US$'000, baged2006 figures, plus 10% NPV

2028 (-12mm precipitation):
Est. total yield reduction =1.4%
Est. total direct economic loss = 1.4x$54.5
= US$0.839 mn (1.54% of total)
2028 (+12mm precipitation)
Est. total yield reduction =3.4%
Est. total direct economic loss =3.4x$54.5x
=US$2.038 mn (3.74% of total)
2050 (-20 mm precipitation)



Est. total yield reduction =5%
Est. total direct economic loss =5x$54.5x1.
=US$2.998 mn (5.71% of total)

Conclusions

Belize’s agriculture sector is considered to besgmme to long-term climate changes as a result
of their potential effects on this sector that fsparticular socioeconomic importance. While

there is a general consensus internationally onctralitions related to global warming, the

uncertainties with respect to the nature and sgvefi changes climate patterns will result in

uncertainties as to future conditions for such@scin Belize. The effects of climate change on
crop production would differ depending on the cnoyolved. While an increase in temperature
might be detrimental particularly for certain crppis could have a positive effect on some

summer crops such as rice. The overall sustaihabil the sugar and citrus subsector and the
overall agricultural sector would probably not e aignificant risk.

The adoption of technical measures and the implétien of policy measures and response
strategies consistent with the new environmentdl @roduction conditions would be required.
There is need in Belize to develop appropriaterimeth capacities to respond to climate change
in order to reduce the impacts on major economtoric sectors. However, a considerable
effort is still required to develop the relevantrén and inter-sectorial plans and policies wité th
consensus of the government and the private sectors

Recommendations

It is expected that a significant challenge of @i policy is to identify and then develop
instruments that allow for a portfolio of adaptatiand mitigation strategies that are spatially and
temporally effective, that focus on balancing ati@cross the most appropriate sectors, within
the chosen scope of specific climate responseipslic

Climate change adaptation strategies should ainmantaining, or even increasing, food
production and maintaining regional food securityie recommendations made in previous
assessments met with limited success for varioasores, including lack of funding, lack of
coordination and unavailability of personnel. Indéidn, other observations made during this
current assessment are:

the lack of political will that is hidden under tgaise of development and

the fear of public officers to make decisions tmaight be technically sound but
politically unpopular. There are no recommendati@nghese.

Inherent in these recommendations is the need tutarcand evaluate. The recommendations
that are made below seek to optimize the available, human and financial resources. They
fall into two main categories, those that will peoveneficial to the sectors regardless of climate
change and those that are specific responses pb @delimate change.



Specific Recommendationselated to:

a)

Climate Change

Improve data collection in two categories, Agroraitic and Agronomic data:
Improved Data Management:

Increasing use of climate forecasting to reducedpiation riskby providing timelyand
reliable agro-climatological/seasonal forecast to agtical producers

Conduct vulnerability-mapping projectsr the sugar and citrus producing areas.
Invest in new technical or management strategies

Conduct training in socio-economic impact assessmkdimate change.
Develop crop insurancm the citrus and sugar growing areas of Belize.

Develop an incentive programntbat encourages the productive sector to actively
participate in implementing practices that mitigatel adapt to climate change.

Develop a Public Awareness and Education Strategy

b) No regrets measures

Strengthening and capacity-building of researchtiingons in the subsectors and
Ministry of Agriculture.

Promote better land and land use managem#émbugh erosioncontrol and soil
conservation measures.

Establish a functional Information and Networkingp§ram tocollect, collate, catalogue
and copy all the technical information that is ewtty scattered across the various
subsectors, government agencies and NGO partners

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

Revise, update and streamline the current agricaltiegislations and policieso make
them relevant, to eliminate overlaps and closetiaggaps as well as to consider climate
change.

Develop sound strategies to increase compligoexicularly with regard to agricultural
development.



1. INTRODUCTION

Physically located in Central America, Belize ig ttecond smallest and newest country on the
western hemisphere mainland. Its eastern coasthégely on the Caribbean and boasts the
longest Barrier Reef in the Western Hemisphere gdwnd largest in the world). The Belizean

economy is dependent on natural resource activstieh as tourism, agriculture, forestry, and

fisheries. Belize also has strong cultural and enun ties with the Caribbean, especially former

British colonies comprising the Caribbean Community

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

Belize has a very rich but diverse ethnic poputattomposed of Mestizos, Creoles, East
Indians, Garifunas, Mennonites, Ketchi Mayas, Mopdayas and Yucatec Mayas, among
others. The 2007 mid-year population estimate mté® that the population of the country is
311,500, made up of 154,700 males and 155,800 é&mndlhe largest ethnic groups in the
country are: Mestizo and Creole comprising 48.79% &4.9%, respectively, of the total

population, (SIB, Abstract of Statistics 2007).

The inter-censal growth rate 1991-2000 was estidhate 2.7% per annum, one tenth of a
percentage point higher than that for the interseémperiod 1980-1991. The estimated annual
population growth rate for the period 2001-2008 2$8%. The population density is

approximately 14 persons per square kilometre, isidow for a Central American nation of its

size. The country has an almost equal distributtbnurban and rural populations (51:49,

respectively).

Since its independence in 1981, Belize achievedadrtbe most remarkable economic growth
rates in the LAC region. Real GDP growth averaggu@ent in 1986-93, fell to 2.1 percent in
1994-98, and increased again to 7.1 percent in -2993.This outstanding economic
performance was to a large extent the result aitivelly good economic policies followed by
successive administrations for the most part df peaiod and of significant inflows of foreign
savings. Sound fiscal policies increased publi¢asezavings in the late 1980s and early 1990s
(to an annual average of 9.4 percent of GDP dutBf6-1993), which helped to expand public
investments and increased the access of the preestidr to domestic sources of credit. The
relative fiscal stability achieved between the m@B0s and early 1990s boosted private sector
confidence and investments by reducing the permeati vulnerability in the economy,



Economic growth was also stimulated by a steadpwnbf foreign savings. The country’s high
dependency on foreign savings has been reflectgubnsistent current account deficits, which
averaged 5.1 percent of GDP in 1981-2002, if uaikdttransfers are included, and 13.1 percent
of GDP if those transfers are excluded. For mosthef1980s and early 1990s, those deficits
were mostly financed through private sector trassémnd official development assistance, in the
form of grants and concessional loans. More regentl the face of declining official
development assistance, the financing of thosecitkefchanged in favour of privatization
proceeds and foreign lending on commercial terid 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 2007prell

(Annual percentage change, unless otherwise ireti¢at

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 investmeht’ 215 19.0 22.7 19.6 18.0
Gross national savind$s 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 tla@yrsurveys conducted by the Statistical
Institute of Belize, revealed that the rate ofatithn rose from a minus 2.2% in 2002 to 4.3% in
2006.



2. THE AGRICULTURAL SECTOR

Agriculture continues as one of the major pillafshe Belize economy and is the foundation of
the productive sector and rural areas. At least 86@DP ($338 million at constant prices) and
41% of total employment is directly dependent oncadfure, fisheries & forestry. This is so
because 90% of all manufacturing (which constitufé® of GDP and 12% of employment) is
based on inputs (sugar, citrus concentrate, anfew, agriculture chemical, furniture, jams,
jellies, chips, juices, milk, ice cream, sausages;kaging etc) from the primary sectors of
agriculture, fisheries and forestry. Primary agjtiare and fisheries are responsible for 29% of
employment and more than 21% of GDP (constant gxice

It is estimated that Belize has a farming poputatd approximately 12,000 farmers, operating a
total land area of 265,000 acres (5% of the tatadl larea), of which 146,000 acres are for crops
and 119,000 acres are under pasture. Small far(tleose with less than 20 acres under

cultivation) account for more than 75% of all famneThese include a large number of milpa

subsistence farmers. A large percentage are Malans and Central American immigrants that

contribute to domestic food production, as wellbagng an important source of labour for the

sugar, citrus, bananas and other agricultural imigdss

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

The decline observed in the case of bananas andr seflects the uncertainty that has
characterized Belize’s major markets in the EU ahe USA as preferential trading
arrangements have increasingly come under que®alize's agriculture policy has emphasized
market-led strategies, increasing diversificatiom aelf-reliance for food products. This has
resulted in the development of new export commeslit{papayas, aquaculture, habanero
peppers), and an expansion of the food crop argtinck sub-sector; however, the sugar, banana
and citrus industries still remain the three mogtartant agricultural export sub-sectors.

Non-traditional export promotion programs and ect§ have been a key dimension of the
efforts by the Ministry of Agriculture to facilitatsmall farmer development. There have been
farming communities throughout the country thatéhgone into habanero pepper and papaya
production under these schemes. Small scale paukdgiuses have set up as buying centres,
cleaning, treating and packing facilities for expanainly in the northern sugar producing
districts.

Food crops, fruits and vegetables, sorghum, tulserd some livestock, mainly produced by
small farmers, face great difficulties and constigito meet market requirements in terms of
volume, quality and regularity. There is a need dssistance in adopting adequate marketing
techniques and application of modern technologiethe production and distribution processes
in order to expand their food production systemgingathem more efficient and competitive. In
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this regard, there have been some positive reisuttee production of onions, garlic, vegetables,



honey, rice and beans.
2.1  Climate and Climate Change

Climate is a basic resource which can exert poweiriluences on national economic
development. Geographers devised many techniquisstoibe the actual climates of the world,
but meteorologists later built on these conceptsetter understand the behaviour and variability
of climates in order to predict the weather at giwen location. Some of the oldest methods of
classifying climates used temperature and pretipitaas the basis while studying how these
two factors influence the natural vegetation ofaaga. Other factors such as solar radiation and
atmospheric circulation systems are now considerdie even more fundamental to the nature
of climates.

On June 13, 1992, more than 160 countries metondRiJaneiro, Brazil, for the United Nations
Conference on Environment and Development to faugsnational attention on the importance
of the relationship between environmental protecaod economic development. The unifying
theme of the conference was sustainable developmbatRio Conference resulted in a number
of agreements which will set the direction for thevelopment of environmental law into the
next century. This included an action plan for Adgr21, which set out specific actions to be
taken by relevant sectors, a Rio Declaration, Coteas on Climate Change, and a Statement of
Principles for Forests, among others. The objeabfvéhe Framework Convention on Climate
Change is to achieve “stabilization of greenhouse @pncentrations in the atmosphere at a level
that would prevent dangerous anthropogenic inteniee with the climate system.” The
Convention aims to attain such a level “within mdi frame sufficient to allow ecosystems to
adapt naturally to climate change, to ensure thad fproduction is not threatened and to enable
economic development to proceed in a sustainablenara (Article 2). In its initial stages, the
Convention requires parties to provide natural imgges of sources and sinks of green-house
gases and to report on policies and measuresithidimissions of these gases and enhance the
sinks for them.

The biggest threat or contributor to climate charggearbon dioxide (C&), which is pumped
into the atmosphere, mainly through the burningfasdsil fuels, coal, oil and gas. The
destruction of forests also releases large amaain@O,. An analysis of climate change data
(Intergovernmental Panel on Climate Change) hadirooed a trend in global warning with
increases in temperatures of 0.3° to 0.60° certe@y@curring since the late nineteenth century,
much of which have been occurring over the lasyd&s. The effect of this trend is a rise of
mean sea levels at a rate of 1.5 millimetres par.y®elize signed the Convention on June 13,
1992, and ratified on October 31, 1994. The Cohwarentered into force on March 21, 1994.

Belize, like many other non-Annex | (NAI) Parti@sthe United Nations Framework Convention
on Climate Change (UNFCCC) is currently preparitsgSecond National Communications, in
partial fulfilment of its obligation to implementhié Convention as stipulated in Articles 4.1 and
12 of the Convention (United Nations, 1992).

The guidelines for preparing National Communicatioexhorts NAI countries to provide

information on their vulnerability to the negatiapacts of climate change and to report on
adaptation measures being considered to reducadiherse effects. In this regard, Parties are
encouraged to indicate the methodologies, tool&a daed, and scenarios considered for the



assessment of impacts, vulnerability and adaptatociimate change, including the degree of
uncertainties (UNFCCC, 2002). Climate scenariosthezefore important in the vulnerability
and adaptation assessment exercise for the diffecemomic sectors, the results of which are to
be integrated in the National Communications. Arshoming in this regard is the lack of
guality data, capacity and resources necessargdptdhe appropriate methods and tools (Lu,
2006; National Comm. Support Program...UNDP, UNEPFGE

The Intergovernmental Panel on Climate Change (PQ&orking Group | (WG-I) in its
scientific findings for the Fourth Assessment Re¢gaR4), (IPCC WG-I/ Summary for Policy
Makers, SPM, February,2007) indicates that: “...maofsthe observed increased in globally
averaged temperatures since the mill-@éntury isvery likely due to the observed increase in
anthropogenic greenhouse gas concentration. §has iadvance since the TAR’s conclusion
that ‘most of the observed warming over the lastyB@rs islikely to have been due to the
increase in greenhouse gas concentration’. Digderhuman influences now extend to other
aspects of climate, including ocean warming, camtial-averaged temperature, temperature
extremes and wind patterns.” The Assessment ddids ‘Warming of the climate system is
unequivocalas is now evident from observations of increasegobal average air temperatures,
widespread melting of snow and ice, and rising globean sea level.”

The IPCC Working Group Il on Impacts, Adaptatiord arulnerability, reported in late March
2007 in its SPM that: “...Observational evidence frallncontinents and most oceans shows that
many natural systems are being affected by regioclralate changes, particularly temperature
increases.” The Assessment points out the digieraffects and other likely impacts climate
change is and will have on a wide range of systenassectors including: Fresh water resources
and their management, Ecosystems, Food, Fibre arestproducts, Coastal systems and low-
lying areas, Industry, Settlements and Societytdedlth. Significant regional impacts are also
highlighted in the Report.

In the agricultural sector in tropical, low latieidareas such as Belize, it is projected that a
warmer climate system resulting from a doubling carbon dioxide concentration in the
atmosphere will lead to increased frequency of wapells/heat waves, intense droughts, heavy
rainfall events and intense tropical cyclone attifiPCC/WG-Il, SPM AR4, 2007). In the
agriculture, forestry and ecosystems sectors thilislead to reduced yields in warmer regions,
damage to crop, soil erosion, water logging and @egradation.

The results of the first Vulnerability and AdaptetiAssessment to Climate Change for Maize,
Dry bean (cultivar Carioca), and Rice conducted985 showed that it seerikely? that yields
for these crops would decrease in a warmer climegelting from a doubling in carbon dioxide
(CQ,) because of a shortened growing period.

Agriculture plays a crucial role in sustainable elepment and in hunger and poverty
eradication. Agriculture remains one of the mailtaps of Belize’s economic development,
although its contribution to GDP has seen a gradeatease from 20% to about 15% over the
past few years, it remains an important means \@litiood for approximately 40% of the




Belizean population. The government of Belize ads1s “food and nutrition security” as one of
its priority area within its strategic developmeatan, but also encourages the expansion and
diversification of the agricultural sector in ord®er increase foreign exchange from exports of
agricultural crops, livestock and their by products

The traditional cash crops continue to be sugarnisiand bananas; however, export of non-
traditional products such as fresh papaya, beaef, bacao and hot peppers have increased in
importance in the regional and foreign markets. N@wual cash crops such as onions, hot
peppers and potatoes production has expanded arfdriign exchange savings are significant
as the importation of these become unnecessarnglyears of bumper harvest. The agro-
processing sub-sector has also expanded with pi®duch as bottled pepper sauce, jams and
jellies, processed meats, and honey. The demamdhdee on the local market are virtually
satisfied; however, additional foreign marketshat tegional level must be identified and secured
to ensure the viability of this sub sector.

Agricultural production in Belize is basically raied and is affected by climate variability and
climate change. The north-western Caribbean regicluding Jamaica, central and western
Cuba, the Cayman Islands, Yucatan, Belize and eortiHonduras experienced a series of
drought conditions over the past decade, culmigaitnthe intense dry seasons of 2003 and
2004. Extended dry spells also disrupted the ragason during the period, wreaking havoc on
the agricultural and water sectors. The year 2@ an unprecedented hurricane season in the
north Atlantic Basin, with 28 named storms formirids of these became hurricanes and 9
evolved into major hurricanes of Category Il irggp or greater. Hurricane Wilma broke the
record as the most intense western Caribbean hogido have formed, attaining a central
pressure of 882 mb. Hurricane Katrina enteredelcerd books as the costliest hurricane to have
impacted the U.S. Gulf Coast, with losses estimatede range of 90 billion dollars ($US.) The
year 2006 was one of the wettest years in receaatrde for Belize. The dry season was very
short and wet, and the extensive rainfall during thain and secondary cropping season
disrupted the grain-filling and harvest stage @& tlte, beans, potatoes and corn crops. Land
preparation was greatly affected and feeder roadsdcess the cane crop could not be
rehabilitated. The impacts of the rains of 2006 still being felt in the agricultural sector, as
imports of staple grains such a R.K. beans, riak @rn continues in order to meet the local
demands.

This assessment of climate change impacts on theudgral sector in Belize will analyze the
vulnerability of sugarcane and citrus to the ade@ffects of a warming climate system. Results
from the regional Hadley Center Climate Model, PREQvere obtained for a number of future
climate scenarios. Changes in rainfall and tempegapatterns were “inputted” into crops
models such as the Decision Support System for fggbnology Transfer (DSSAT 4) to
evaluate expected changes in yields. Dependingherresults, recommendations were then
made for appropriate adaptation measures and gigateo be instituted to reduce the adverse
impacts of climate change on future productionh&ise crops. An evaluation of the impacts of
climate change on the provision of water for thecadtural sector cannot be overlooked within
the scope of this assessment, as is the matteafdcial impacts which are intrinsically related
to farming communities. Improved agricultural pgrees based on crop modelling such as
planting dates, improved varieties (C4), drip iatign, organic fertilizer, improved feeds for



livestock and sustainable land-use are mitigatjmnoas that can enhance yields and help reduce
GHG emissions.

2.2 The Climate of Belize

Belize’s climate is defined by a Wet Season (Jun®©d¢tober) and a Dry Season (November to
May). Two major climatic types identified are Trogl and Sub- tropical. The north and central
inland and coastal areas of Belize experience spistl influences in the form of a cool
transition from the Wet to the Dry (November to uany). Rainfall during this transition is
extremely variable accounting from 15 to 150 peradrihe Dry Season total. This transition is
caused by North American temperate winter weatlgetems entering into the northern and
central regions of Belize. The Stann Creek and dml®istricts experience a more typical
tropical rain forest climate with high annual raithftotals in excess of 1778 mm (70 ins.) spread
over a greater number of months. The gradual tiansirom wet to dry is not evident and the
dry season is shortened (February to April).

Rainfall

Average annual rainfall totals exceed 4,064 mm (ib6fes) on the eastern slopes of the Maya
mountains and elsewhere in the Toledo District. wairtotals in the north over the Corozal,
Orange Walk and northern Cayo districts are abgb®4l mm (60 inches). Annual totals are
between 1,778 mm (70 inches) and 4,064 mm (160eB)cklsewhere in the central regions
increasing in average from north to south (Fig.Mnthly rainfall peaks twice in most areas
during the rainy season. The peaks occur due ttrdfiical or easterly waves that cross Belize
from the Caribbean during the months of June oy dat (2) tropical storms or hurricanes that
are most active over Belize in September or Octoldnenever a quasi-stationary weather
disturbance in the upper atmosphere coincides tnotical storm activity, then the peak rainfall
of October can exceed the value of the other (Jiudg) peak months.

Temperature

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

Circulatory Systems and Topography

Superimposed on the main characteristics of rdidfatribution, are the effects of geographical
distribution and synoptic weather systems. In ganenountain/valley areas show the dominant
monsoon distribution with the months of maximumfail (June and July) lagging May, the
months with the hottest temperatures. Example€albdage Haul, Belmopan and Hummingbird
Hershey (Sibun Hills). Here, convective rainfalleishanced by steep slopes and moist easterly
winds during the Wet Season but the drier, subgi@iasterly trades inhibit convection during
the months of dry season. Drought is seldom felthiese areas. Smith and Panton (1981)



identified four geographical features that influendBelize's climate: inland, coastal,
mountain/valley and latitude. Leslie and McKins{t@77) also defined five topographical zones
in order to highlight these features and include Morthern Plains, the Belize River Basin,
Mountainous, Southern Central Plains, and Southiip. Low lying coastal areas exhibit two
distinct months of maximum rainfall during the w@eason attributable to peak activity of
tropical easterly waves and tropical storms oribanes. The short term variability of rainfall
amount and intensity can be seen as a result ofjtaphy, diurnal and coastal influences.

Wind Regime

Wind energy is beginning to be looked at as a ptessiource of energy for Belize, although few

studies have been conducted to ascertain whetiemndétural source of energy generation is
feasible for development. Energy generation by wWordes need to be further studied especially
in the coastal areas and offshore islands wheoarnt prove to be complimentary with solar

energy as the clean source of energy sourcesdduture.

Natural Disasters

Floods

In Belize, most floods occur during the height @k trainy season. Additionally, tropical
disturbances have produced major flash floods dg aa May, and as late as December. Flash
floods are caused by slow-moving thunderstormsateply moving over the same area or by
heavy rains from tropical cyclones, depressiond,iatense disturbances in the upper reaches of
the atmosphere. Flash floods occurs within houra beavy rain event, and are more frequent
along areas of short-sighted infrastructural dgwalent resulting in the obstruction or re-
direction washes or arroyos. Agricultural and hogsdevelopment on flood plain areas are
vulnerable to flash flooding and can cause loskf@f livestock, and crops. In 1993, torrential
rains in the Cayo District resulted in the unprecedd flooding of Roaring Creek, and along the
Western highway between miles 48 and 50.

Hurricanes

Hurricane season in the Atlantic/Caribbean basith #re Gulf of Mexico runs from June'l
through November 30 On average, some ten tropical cyclones develaplyebut half or just
over half reach hurricane intensity. The most sevarrricanes occurred in 1931, 1945, 1955,
1960, 1961, 1974, 1978, 1998, 2000 and 2001. Th& mevastating hurricane of 1931 almost
destroyed Belize City, taking approximately oneutbend lives. In October 1955, Punta Gorda
was partially destroyed along with thousands okesanf forest. Hurricane Janet (September
1955) destroyed Corozal Town, and in (July 1960)ridane Abbey hit the Stann Creek area
causing considerable urban damage as well as giegjriarge area of banana crops. In 1961,
Hurricane Hattie struck the mainland near MullingeR with winds of 120 km/hr, killing more
than 500 people, as well as destroying forest amitwdtural crops. Even though it did not hit
Belize directly, Hurricane Mitch caused great daenag1998. In 2000, Hurricane Keith affected
San Pedro, Caye Caulker and other northern ane&f01, Hurricane Iris affected the southern
districts of Stann Creek and Toledo. Tropical Sta&rthur seriously affected the mid-southern
portion of Belize in the Stann Creek District eallyne 2008, causing over Bz$100 million in
flood damage to homes, crops and physical infraitra; five (5) people also died in this
unexpected catastrophe. Hurricanes affecting Béle certain characteristics: peak occurrence



is in September (43%), with significant frequenciasAugust and October. They originate
within disturbances that develop in the eastedgdrwinds as far as 60° W longitude.

Sea Level Rise

A significant amount of preparatory work is needeefore a realistic estimate of coastal

inundation due to sea level rise and global warm#gscertained and better resolution land
surveys need to be carried out. Preliminary esemaf land loss to sea level rise as a result of
global warming has been assessed (Cayetano 1986¢dBon sea level rise estimates of 0.13 ft
in 25 years, 0.98 ft in 50 years, and 1.64 ft i0 ¥8ars, calculations of shoreline retreat indicate
the following: The beaches at the shores east afdié® and Dangriga would be completely

eroded away within the next 100 years, while ordif of the beaches at Placencia and Punta
Ycacos would be eroded over the same time (Caygei®i86). Evidence of erosion was seen on
the south side of Belize City particularly in th@rdorough Field area. Information on erosion

was seen at Dangriga, Monkey River, and also imallssection north of Punta Ycacos. Severe
erosion was also evidenced on the southern coasebe the Moho River mouth and Barranco

Village, (evidenced by significant stretches of

black mangroves falling over).



3. THE VULNERABILITY AND ADAPTATION TO CLIMATE CHAN GE
ASSESSMENT

The goal of this crop vulnerability and adaptatiassessment is to evaluate, under various
climate change scenarios, the expected climategehanpacts in the agricultural sector as it
pertains to changes in yields fBugarcane and CitrusThe DSSAT 4 and the Cropwat crop
modelling software were used to simulate yieldsdiffierent results obtained from the Hadley
Center Regional Climate Model, PRECIS.

Some specific objectives include:

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

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

i) Project the economic consequences and implicatbdbndimate change on these sub-
sectors.

J) Present results to main stakeholders at a workahdmbtain feedback

k) Build capacity among some stakeholders in the 686&AT via a seminar / workshop.

[) Present results and recommendation of adaptaticasunes to reduce the impacts of
climate change on Agricultural Sector to SNCs prbgirector.

3.1  Crop Selection

During the preparation of the Belize’s First Naab@ommunications to the UNFCCC in 1995,
a vulnerability assessment was conducted for thewdtural sector to study the impact of

climate change on maize, dry beans (as a substdute.K. beans), and rice. The cultivar for

R.K. beans was not contained in the DSSAT 3 systerd,consequently dry beans (Black-eye
pea) were used instead.

The results from the crop simulations for thesdivals suggested a general reduction in yields
resulting from a shortened growing period becauseaymer conditions under a doubling of
carbon dioxide concentration. The effects of rdinfariability under the climate change
scenario was minimal for maize, but resulted in dowields for bean and rice for a 20%
decrease in precipitation.

The decision on the crops to be selected was laséuke availability of data as described in the
inception report. It was suggested tentatively th@ cash crops and one important small farmer
crop be considered in this vulnerability assessmérite cash crops under consideration were
sugarcane, grown in the north (Corozal and Orangék\Wistricts) and papayas, grown in the

northern districts of Corozal and Orange Walk amdatlesser extent in the Cayo District in

western Belize. Cacao was also considered as ghaés amall farmer crop grown in southern

Belize (Toledo and Stann Creek).

After considering the availability of crop data,rfp@larly on a long-term basis, it became
apparent that agronomic and meteorological datpémayas and cacao, these being relatively
new cash crops to the Belize economy, were notsaffiiciently long period of time to be used



in the modelling softwares. It was thus decided sligarcane and citrus, with a longer history in
Belize, would be the crops to be assessed for &imlaange vulnerability and adaptation.

3.2 Methodology

3.2.1 Scope of the Assessment

The goal of this crop vulnerability assessmentoisevaluate, under various climate change
scenarios, the expected climate change impactsiagricultural sector as it pertains to changes
in yields for Sugarcane and Citrus. The DSSAT 4$armdelling software and CROPWAT was
used to simulate yields for different results (sceés) obtained from the Hadley Center
Regional Climate Model, PRECIS and MAGICC. It willovide information on the vulnerability
status of the subsectors and the adequacy of Hygatns and interventions to address impacts
due to climate change.

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

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

iv) Vulnerability by crop

v) Evaluation of adaptation efforts and activitiessogpsector

vi) Recommendations for improving adaptation and niitigaefforts on a national and
subsector level.

3.2.2 Outputs and Deliverables

a) Provide an inception report by April 3@008.

b) Provide results of crop simulation models with theseline observed data and climate
change scenarios.

c) Highlight the expected effects of climate changeglbgntifying crop yields and season
lengths.

d) Project the economic impact of climate change erstiiected crops.

e) Present results to main stakeholders at a workahdmbtain feedback.

f) Build capacity among some stakeholders in the 68&AT via a seminar / workshop.

g) Present two hardcopy and two CDs of results ofadsessment, and recommendation of
adaptation measures and strategies to reduce tpacis of climate change in the
agricultural sector to the SNC’s and the MACC’sjpcb directors.



3.3 Definition of Vulnerability

The IPCC defines vulnerability a3 He degree to which a system is susceptible tanable to
cope with, adverse effects of climate change, oty climate variability and extremes.
Vulnerability is a function of the character, maiyle, and rate of climate variation to which a
system is exposed, its sensitivity, and its adaptapacity (IPCC, 2001b, Glossary). This is
further complicated by recent decisions to inclsdeial vulnerability. Vulnerability assessment
now no longer is restricted to assessing the bisighyresponses to a changing climate.

As proposed by the IPCC’s Working Group Il in theuRh Assessment Report, any assessment
of vulnerability to climate change needs to takéo imonsideration the different states of
vulnerability that exist. These include i) vulneitiy to current climate, ii) vulnerability in the
absence of adaptation and mitigation measures,jiigneésidual vulnerability, when the limits of
adaptive and mitigative capacities have been rehdkiter the completion of the TAR in 1995 it
was realized that because of the overwhelming ecieleof anthropogenic drivers in global
climate change, it would be difficult to separatepysical and socioeconomic vulnerability;
therefore, of necessity, both aspects need to bentanto consideration when considering
vulnerability. (IPCC WGII, 2007)

3.4 Prediction Scenario for Belize

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

The IPCC has developed a number of scenarios tigbrpossible effects and responses to
global climate change. The scenarios incorporatenaber of geophysical, economic, social and
governance components to arrive at the final ptesgbediction. A scenario as defined by the
Panel is A plausible and often simplified description of hilve future may develop, based on a
coherent and internally consistent set of assumptetbout driving forces and key relationships.
Scenarios may be derived from projections, butadten based on additional information from

other sources, sometimes combined with a ‘narratteeyline”.

As the Belize Focal Point for Climate Change, thd3Nhas selected the A2 Scenario. The A2
scenario refers to a very heterogeneous worldiz8gromotes the preservation of its identity
and makes every effort to be self-reliant. In Calnfimerica and the Caribbean fertility patterns
are expected to converge very slowly resulting ighhpopulation growth in Belize and the
regions. Economically, Belize is moving primaribwards the regional common markets, such
as the Caribbean Common Market (CARICOM) and Céntimerican Common Market
(CACM); however, regionally per capita growth isgmented and technological changes are
slow. International disparities in productivity, darhence income per capita, are largely
maintained or increased in absolute terms. Econagroevth is uneven and the income gap
between now industrialized and developing parthefworld does not narrow.



Belize will have to become more reliant on its eses and places fewer emphases on
economic, social, and cultural interactions betwesgions. People, ideas, and capital are less
mobile, so that technological changes are mucheslowhe Belizean way of life becomes more
family- and community oriented, fertility rates ¢lae very slowly and population growth is at
its greatest. Potential local and regional envirental damage continues to occur although it is
not uniform across regions. Central America and @aribbean attempt to bring regional
pollution under control. Belize maintains its eovimental amenities and intensifies efforts to
further reduce local environmental pollution.

Technological change in the A2 scenario world iefegeneous. It is more rapid than average in
some regions and slower in others, as industryséljo local resource endowments, culture, and
education levels. In the new technological worldrenBelizeans are better educated and are
now more capable of identifying and managing thenty’s natural resources for the benefit of
all Belizeans. Belize develops its hydroelectricgmbial and through technological innovations
utilizes fossil fuels to provide sufficient and ater local energy for the growing industrial
sector. The mineral and oil industries boom andzB& economy evolves into a more resource-
intensive one and through import substitutions Zeteduces its dependence on imports.

Under this scenario social and political structuteersify; some regions move toward stronger
welfare systems and reduced income inequality,embihers move toward “leaner” government
and more heterogeneous income distributions. Besljz@litical democracy is strengthened with
greater accountability and transparency and thellmiclass begins to grow again.

Results from the three members of the A2 ensemi@leganerally consistent. Differences are
most pronounced during the 2020s where multi-ddcadaability predominates over the
climate change signal. As a result, all A2 ensenmbéanbers are discussed collectively. The
responses of the major crops and cultivars to ¢érshange in an A2 future world follow that of
the AL1FI world up until the 2080s. The 2020s arenohated by multi-decadal variability and
2050s are comparable to those of AlFl—both expeeiesimilar absolute changes in
temperature and precipitation (See Box 1). The 2080der the A2 world, however, are
significantly different, at least in the northeranhisphere where temperatures are on average 2 C
cooler in an A2 world than an A1FIl world. The rasigd that aggregated cereal yields are,
assuming no CO2 effects, depressed by no moreld#@anywhere in the world. Re-running
the models to include the positive effect of eledatCO2 levels again reduces the negative
impacts across all regions; however, beneficiataf are particularly evident in the mid- and
high-latitude areas where temperate cereals tehd gyown.



BOX 1: Projected Climate Change Effects in the Cabbean for 2050 (IPCC)

A 1.5 - 2 °C increase in temperature;

Subsequent increase in evaporation losses;

Decreased precipitation — continuation of a trehhimfall decline observed in some
parts of the region;

Projections by 2050 for the length of the rainyssea— down by 7-8%;

Projections by 2050 for the length of the dry seasaoip by 6-8%;

Increased frequency of intense rains — up an aeeva§% and projected to increase tg
20% by 2050;

Increased erosion and contamination of coastakarea

Sea Level Rise — median projection 40 cm by 2088using increased

salt water intrusion, augmented by storm surges;

Strongest hurricanes more intense, increasingtdisisses;

General increase in extreme events — droughtsj$toand

Increased intensity of heavy rain events — rapidafi/flash floods, causing soil
erosion, run-off of contaminants, and adverse &ffen coastal waters.

According to the IPCC, in the Latin American andilaean Region the impact on agriculture
and food security will be that:
- Agricultural land and thus food security will bdeadted by sea-level rise, inundation, soill
salinization, seawater intrusion into freshwatesks, and decline in freshwater supply.
All agricultural production will be affected by egtne events.
Fisheries will be affected by increasing sea serfemmperature, rising sea level and
damage from tropical cyclones.

35 Climate Baseline

Mean monthly values for rainfall (Tower Hill, 196®06), temperature and maximum and
minimum temperatures, corresponding to 1991 — 20@8¢ obtained from the Belize Sugar
Industries Meteorological Station and the NMS. Me@onthly values for global solar radiation,
vapour pressure, wind speed and number of raing deye obtained from the Food Agricultural
Organization (FAO) published data for Belize’s noetdogical stations (FAO, 1985). For the
Melinda Met Station all data was obtained from \aS.



Figure 1: Monthly Rainfall and Temperature Recordedat Towerhill, OW.

Specific climate change scenarios for 2028, 2050 amh00 were derived from published
transient experiments corresponding to General @agaospheric circulation models CSIRO
and HADCM2 and were provided by Belize’s NMS andEeRS outputs provide by the Cuban
specialists: the Simple Climate Model (SCM)/Gen&atulation Model (GCM) combination.
Of these two, GCM with simple climate model MAGI®s done using the greenhouse gases
emission scenario 1S92e with 2.5 C climate sengjtiihese climate change scenarios were
available for temperature, precipitation, sea leral atmospheric C{xoncentration only.

This means that the climate change impacts disdusdebe among the highest expected and
that other emission gases scenarios would leagseHarmful impact. As should be made clear
this will depend on mankind taking actions or nlobat the control of emissions and mitigation

of climate change.

Annual mean increments for temperature, precipitatatnd sea level with respect to actual
values, as well as carbon dioxide (£fOmethane (CkH and nitrous oxide (BD) atmospheric
concentrations are shown in the following table mth climate models and for the 1S92e
greenhouse gases emissions scenario. Sea leved aakulated here using MAGICC but others
models like HADCM2 could give higher values thaagé.



Table 3: Results for predicted Scenarios

Variable 2030 2050 2100
Temperature +09C +15C +3.0C
(HADCM2)

Temperature +0.8C +13C +27C
(CSIRO)

Precipitation -12.9% - 20.6% -42.3%
(HADCM2)

Precipitation +5.3% +8.4% +17.2%
(CSIRO)

Sea level rise (cm) +11.17 + 20.26 +55.17
CO2 (ppmv) 474.3 568.0 877.7
CH4 (ppmv) 2474.3 2 965.5 3941.2
N20 (ppmv) 349.8 373.9 421.7

As there are no specific projections for relativeridity, wind speed, global solar radiation and
monthly number of rainy days, these values weresidened as invariants in all projected
climates. That is why we can call the final climateange scenarios used in this assessment as
Bultot’s type scenarios (Wolf and Dieppen, 1993).

A climate change scenario created using climate elsothight not give you all the climate
variables that your impact model needs (let's ay telative humidity, global solar radiation or
wind speed will be unknown). Then you should adapy reasonable assumption about the
future values of those variables. You could asstime relative humidity will not change with
time from 1961-90 values onwards. A scenario hailthis way will be named a Bultot’s type
climate change scenario

3.6  Assessment of Agricultural Sector Vulnerability

An agricultural vulnerability study was conducted 1995 under the US Country Studies
Program. Future climate scenarios 1 and 2° Celisarsner accompanied by a +20% change in
precipitation were selected. A crop simulation mod®ecision Support System for
Agrotechnology Transfer” (DSSAT3) was used to serilthe yield of upland rice, beans and
maize under these climates. The model projected @ 19% reduction in yield for beans, a 10
to 14% reduction for rice, and a 17 to 22% redurctmr maize. The temperature rise shortened
the growing period of the crops, which lowered thgelds. Changes in precipitation did not
affect the growing season; however, it did affeetyield, especially that of maize.



The Belize First National Communication indicatdsatt inundation and salinization of
agricultural lands through salt water intrusiontidial influences in rivers from which water is
abstracted for irrigation is a major potential gireonsequent to sea level rise.

The assessment was based on results from analysésrnped for the Belize National
Communication, which are briefly described abov&] an available background information.
The vulnerability of the sector was evaluated tgkiimo account the socioeconomic conditions
with which the potential physical changes wouldeiatt. Therefore, agricultural model runs
were made mainly under incremental climate conagtiqchanges of +1 and +2.5°C in
temperature and +10 and +20% in precipitation, iadgdio 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 rertidistricts close to the Mexican border and
is the largest agricultural industry in the couniyhigh contributor to GDP, to export earnings,
and employmentThe area planted represents around 30% of thkdgticultural area, with the
average farm size of roughly three hectares. Oygradductivity has declined in recent years
due to poor husbandry practices, excessive ratgoai slow rehabilitation of farms, partly
resulting from unfavourable market prospects. Betidn is done according to registered license
holders and the price received by cane farmersudgarcane is high by international standards
due to the premium prices obtained for sugar irptieéerential markets. In general, the transport
and delivery system is inefficient and costly, witng delays to deliver the harvested cane,
which reduces efficiency. The sugar industry faeemajor challenge due to the increased
liberalization of global sugar trade and the refafmhe Common Agricultural policy which will
reduce by 36 percent the price currently earnecupteferential arrangements. This has made
increasing the competitiveness of the sugar ingustid diversifying the agricultural sector a
high priority.

There are 9,036 registered sugar cane license risoldehe annual 2001/02 BRQ’s. Based on
this data, a census was undertaken to gather iataym such as location of farms, total
production, total area under production, costs midpction, use of agrochemicals, varieties
produced, production systems, labour and transpmmt@mployed, as well as socio-economic
data of farmers.

Land use can be classified into four main groupsigar cane, other crops, livestock and
uncultivated. There are at least 68,518 acresrusuigar cane cultivation, 3,046 acres in other
crops, 2,329 acres are used for livestock prododind 30,885 acres are not cultivatee.2
Land Use).

From the total population interviewed 31% repontihg high lands, 24% report having flat but
well drained lands, 16% report having flat landshwioor drainage and 18% report having low
waterlogged landé~ig.2 Land Quality).




Figure 2a: Land Use in the Sugar Producing Areas
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Figure 2b: Land Quality 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 2,510 042 536 Q.7 3,046
Livestock 1.1 2,041 0.1 288 0/6 2,329
Uncultivated 10.4 21,842 32 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 23l4 1,010 24.1
Flat, Poorly Drained 353 173 357 15.7 710 16.5
Low, waterlogged 316 16.7 490 18.8 806 1y.8
Don’'t Respond 1472 7.5 341 144 483 10.9

The results of the sugar cane census confirm tlagrty of the sugar cane producers are small
producers. 32% of the sugar cane fields are less 5% acres, 25% are between 5 to 10 acres and
another 25% are between 25 to 50 acres. Lesslt¥taaof the cane fields have an area greater
than 250 acres.

The simulation model results used for this assessmere those obtained from the application
of the Decision Support System for AgrotechnologgriBfer (DSSAT) v4 model for sugarcane
(CANEGRO). The calibration of the crop models contut be based on field experiments but
rather conducted through simulations with the eals most used in the country (3 cultivars) and
at different planting dates. The production yeasduare 1990, 1992 and 2002.

Even though such calibration is considered prelanindue to its short duration, it served the
purpose of a general vulnerability evaluation o€ tbrops. Validation was performed by
comparing model outputs with historical data gatbefor production yields over at least 10
years.

3.7.2 Citrus Sub-sector

The citrus industry experienced exceptionally faisiwth in the 1990s but declined in recent
years. It exports its product both into the EU &#lA market under preferential arrangements.



In recent years, there was renewed optimism foaesion, with yields expected to increase by
33% and world prices to be higher. The producecemtly became owners of the processing
factories and in charge of their marketing operegiahe industry has planned an expansion into
blended fruit juices for the Caribbean market ainsdnutrition-conscious consumers. An
advantage of this management decision is a ren@&ethnd for tropical fruits. If pineapples
were to be selected, its harvesting season frore SurSeptember will not interfere with the
citrus harvest. This would provide farmers withigportant new option for diversification. The
citrus industry is highly concentrated among a f@educers who supply the majority of the
fruit. The 80% small growers only account for 20%pooduction. The Belize Citrus Growers
Association, with a membership of 576 producergddfi6/07, has become a critical player in the
industry, especially in terms of introducing inntiva economic and social assistance programs
to assist the smaller producers.

Table 5: Orange and Grapefruit Production/Processed2001 to 2007
Crop Year Fruit Processed

Orange (90 Ib 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 Ib 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 Toteacres # 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 48,171 395
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




Table 7: Citrus Delivered According to Grower Sizgor Crop Year 2006/07
Total Number of Boxes Total boxes delivered
Delivered by Grower
Orange Grapefruit

300,001 and over 1,193,056 354,048
200,001 - 300,000 754,520 385,4p1
100,001 - 200,000 863,139 130,743
50,001 - 100,000 771,627 265,3p3
20,001 - 50,000 817,175 198,314
10,001 - 20,000 228,798 41,289
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 20,248
1,001 - 2,000 120,677 27,417

501 - 1,000 58,753 13,1491

301 - 500 19,522 3,418

101 - 300 13,383 4,525

01 — 100 1,624 33

Total/Average 5,221,204 1,504,894
NB: Of 576 growers who delivered citrus in 06/@3,delivered onlygrapefruit

Source: Citrus Growers Association 2008

The simulation for Citrus was done using CROPWATha®ther available model reviewed has
been utilized to simulate citrus growth. The cliolagical data was based on information
provided by the Meteorological Service for the Mdh Station as well as other production
statistics provided by the Citrus Growers Assoorati

3.8  Crop Model Inputs and Simulations

As indicated above the crop simulation models usad DSSAT v4 CANEGRO model and
also CROPWAT for sugarcane and tHeROPWAT for citrus. The DSSAT model simulates
crop responses to change in climate, farm managewagiables, soils and different levels of
CO,in the atmosphere. This model simulates physioldgiesponses to major climatic factors
taking into consideration soils and management.

The simulations performed for this assessment densd rain-fed production as irrigation is
practically non-existent in sugar and citrus. Hiedr applications were assumed to be optimal at
all sites. The crop models assumes that crops asiaite, potatoes, and most vegetable crops,
tend to respond favourably to increased CO2, witlh@bling of CO2 leading to yield increases
in the range of 15- 20%. Other crops including ¢@orghum, sugarcane, and many tropical
grasses, were assumed to be less responsive tov@td doubling of the gas leading to yield

increases of about 5%.

The simulation results depend on the general assomnihat soil nutrients are not limiting, and
that pests, insects, diseases, and weeds poseeab th crop growth and yield. One important
consequence of these assumptions is that positbge responses to elevated CO2, responsible



for one-third to one-half of the yield increasesigiated in the Assessment studies, should be
regarded as upper limits to actual responses ifiglte One additional limitation that applies to
this study is the models’ inability to predict thegative effects of excess water conditions on
crop yields. Given the “wet” nature of the scensemployed, the positive responses projected
in this study for rain fed crops, under both modeésy be overestimated.

These assumptions had to be made due to the séadusef data and as a result yields will tend
to be overestimated. These will include no irrigatiadequate nutrient supply and adequate pest
management. It is also assumed that no extremdseoecurred during the growing season.

The CROPWAT model is a decision support system developed by the Land Water
Development Division of FAO for planning and managat of irrigation. CROPWAT is meant as a
practical tool to carry out standard calculatioms feference evapo-transpiration, crop water
requirements and crop irrigation requirements, mode specifically the design and management of
irrigation schemes. It allows the development abramendations for improved irrigation practices,
the planning of irrigation schedules under varywager supply conditions, and the assessment of
production under rain fed conditions or deficitgation.



4. RESULTS AND DISCUSSION
4.1  Vulnerability of crops to climate change:

As described below, it was observed that the effetpotential climate changes on the Belizean
agricultural sector would vary in type and sigraftls, whether the effect is positive or negative)
for different production systems depending on tt@agical zone. A series of feasible measures,
both anticipatory and reactive, were preliminardgntified to respond to these changes.

Climate change would affect the normal environmiemtanditions required by the crops,
consequently affecting their cycles. For examplelelya which is very sensitive to its
environment, would be particularly vulnerable toacbes in climatic parameters. Romero
(1996), based on CERES-barley outputs and anabfsikistorical series, observed that a
considerable decrease in yield could occur aswdtresan increase in winter temperatures. The
impact would be due, on the one hand, to the cneggjairements for cold temperatures not being
fulfilled and, on the other, to a reduction in ttheration of the growth cycle. The latter could
result from the lack of response to the photopetigdthe barley cultivars, which react to
accumulated thermal time rather than to the dumatfodaylight. Further, as a result of an earlier
flowering date induced by higher temperatures, ittoédent solar radiation during the grain-
filling period would be lower, and yield would bertsequently reduced.

Maize, mostly produced in Belize under rain-fed ditans, is usually affected by soil water
deficiencies during summer. The environmental cooas for maize crops would be worsened if
the future climate entailed a decrease in precipitaOn the other hand, the potential increase in
temperature could result in lower yields due tceduction in the duration of the crop cycle.
Climate change might favour maize production offilthe amount of rainfall during summer
increased, provided that nitrogen deficienciescargrolled. The behaviour of maize crops under
climate change scenarios has been further analygetzul et al (1995) based on DSSAT v3
CERES maize model outputs.

4.1.1 Sugarcane

Future climate scenarios of 1° and 2.5° Celsiusearaccompanied by a £12% for the year
2028 and +20% for the year 2050 change in pretipitavere selected. A crop simulation model
“Decision Support System for Agrotechnology Trans{f®SSAT4) and CROPWAT was used
to simulate the yields of sugarcane using the @eeead baseline climate data for control. The
CROPWAT model projected 11.9% reduction in yield $agarcane for 2028 with 12mm less
rainfall and 17.4% reduction for 2050 with 20mmsleainfall. Using the 2028 scenario with an
additional 12mm rainfall yields still fell by 4.5%.he temperature rise shortened the growing
period of the crops, which lowered their yields.a@fes in precipitation did not affect the
growing season. However, it did affect the yielspexially when there were periods of low or
high rainfall.



Box 2: Modelling Results
Baseline (control) Yield Reduction for Sugarcane:

- Estimated yield reduction in growth stage # 1690
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 4.690

- Estimated total yield reduction D%

2028 (-12mm Precipitation) Predicted Yield Reductio
- Estimated yield reduction in growth stage # 1690

- Estimated yield reduction in growth stage # 2690

- Estimated yield reduction in growth stage # 3690

- Estimated yield reduction in growth stage # 45056

- Estimated total yield reduction £.9%
2028 (+12mm Precipitation) Yield Reduction:

- Estimated yield reduction in growth stage # 1690
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 40=7%

- Estimated total yield reduction 5%

2050 Predicted Yield Reduction:

- Estimated yield reduction in growth stage # 1690
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3594
- Estimated yield reduction in growth stage # 45-8%

- Estimated total yield reduction 4%

The DSSAT model on the other hand projected a yélti4923kgs/ha for 1990 or the baseline
year. For the year 2028 with plus temperature aretipitation the predicted yields were
59,256kgs/ha while for the minus temperature anecipitation the predicted yields were
27,657kgs/ha. For the year 2050 plus the predigtelds were 58,884 kgs/ha while for 2050
minus the prediction was for 36,748kgs/ha. This ehdden suggests that yields will increase
with increment of rainfall and the correspondingerin temperature. The period for growing
cane will be more favourable throughout the year.



This contrasts with the CROPWAT results becausth®fsunshine hours used as well as other
parameters used in DSSAT that is not used in CROPWA

Sugarcane tolerates a wide temperature range aesl well in well drained calcareous soils.
Sugarcane is a /Ccrop and yields is expected to increase with, G@l not be reduced
significantly if improved crop management and iatign and drainage is implemented.

Fig 2: DSSAT Results for Sugarcane
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With respect to season length it can be concludatthe days for the sugar cane to become
mature is shortened. It went from a little over 21&ys for the base year to 338 days for 2028
and reduced to approximately 90 day for 2050 wimdicated that temperature is more
influential factor that influences growth. See fig8 below.



Figure: 3: Box Plot of Harvest Dates for Citrus

4.1.2 Citrus

CROPWAT was used to simulate the yields of citresng the average climate data from

Melinda for control. The model with the actual shine hours predicted there is no yield

changes in the different scenarios which when coatpto the predicted yields above indicates
that citrus will not be impacted much. However, whienning the model using 8 and 9 hours
sunshine day projected a 1.4% reduction in yieldcfous for the base year, which is probably
due to a dry month and not enough precipitatiom. 2828 with 12mm less rainfall the predicted

reduction was 3.4% in yields and 5% reduction f@s@with 20mm less rainfall. Using the 2028

scenario with an additional 12mm rainfall yieldsngned the same. The temperature rise
shortened the growing period of the crops, whickeled their yields. Changes in precipitation

did not affect the growing season. However, it dif&ct the yield, especially when there were
periods of low or high rainfall since no irrigatisused.



Box 3: Modelling Results for Citrus (using actual anshine)
Baseline Yield Reduction (same for 2028 and 2050)

- Estimated yield reduction in growth stage # 1690
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 4.690

- Estimated total yield reduction D%

Box 4: Modelling Results for Citrus (using 9 hourssunshine)
Base line (control) Yield Reduction:

- Estimated yield reduction in growth stage # 112
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 4294

- Estimated total yield reduction A%

2028 Predicted Yield Reduction:

- Estimated vyield reduction in growth stage # 1.3%
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 44-5%

- Estimated total yield reduction 4%

2050 Predicted Yield Reduction:

- Estimated yield reduction in growth stage # 18%
- Estimated yield reduction in growth stage # 2690
- Estimated yield reduction in growth stage # 3690
- Estimated yield reduction in growth stage # 442%

- Estimated total yield reduction D%

Reilly et al (2002) in their assessment of US agtice arrived at the conclusion that citrus.
Production largely benefited from the higher temapenes projected under all scenarios.
Simulated fruit yield increased in the range oft6@00%, while irrigation water use decreased.
Crop losses due to freezing diminished by 65% B02@nd by 80% in 2090.



4.2 Economic Impacts

Sugarcane production is an important activity iiZ&an agriculture. Based on the actual sales
and selling prices in 2005/2006, it is estimatedt tthe Belizean Sugar industry contributed
US$52.6 million to the country’s foreign exchangarrengs. Employment within the sugar
industry is approximately 5,000 jobs, direct andirect employment is estimated at 25,000
people and there are approximately 80,000 deperutetite sugar industry (MAF). Given these
contributions, any factor affecting the industrys fzan impact on its contribution to the total GDP
of agriculture and hence to the overall economy.

Using the DSSAT4 to model the economic analysigcatdd that using the base value of $40.00
per ton in 1990 and cost of production of $872gme with the simulated yields from the results

indicate that the most efficient year would be 2028 increased temperature and rainfall. The
analysis also indicates that currently farmerd@smg money with the current yields.

Figure: 4: Box Plot of Monetary Returns per Hectare
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In summary the direct impact can be summarizedlésass.



Direct Economic Impact US$'000, based on 2006 figuplus 10% NPV

SUGARCANE
a) Est. total yield reduction =11.9%
Est. total direct economic loss = 11.9x8$%2.1
= 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
=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$%52.6

=US$10.067 mn (19.14% of total)
In 2006 the value of citrus production was US$5dhillion. It has become the number one
export commodity in recent years. It employs appnately 30,000 persons and there are 70,000
persons who are dependent on the citrus industry.

For citrus the direct impact can be summarizedbews:

Preliminary Economic Impact US$'000, based on 2ifizes, plus 10% NPV

CITRUS
a) 2028 (-12mm precipitation):
Est. total yield reduction =1.4%
Est. total direct economic loss = 1.4x$54.%
= 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$54.5x
=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.%x1.

=US$2.998 mn (5.71% of total)

Like other agricultural sectors, sugarcane andigiproduction is expected to be influenced by
climate change. So far there has not been any studgldress the economic impact of climate
change on sugarcane farming and farm level adaptathat sugar farmers make to mitigate the
potential impact of climate change and the situmigosimilar for citrus.



Calculating the economic losses by yield reductrasy but other indirect cost will be more
difficult to calculate. Similarly for citrus with oneffect on yields it means that there could be
economic benefits with the appropriate managenmeplace.

4.3. Response options and capabilities:

A most likely response with regard to crop productis the progressive adaptation of the
cultivars to the new environmental conditions. Thght occur both as a natural and as a
human-induced process, through either selectioranéties suited to new conditions or genetic
improvement. To reduce the potentially negativeaf of an increase in temperature during
certain development and growth stages, varietieh wiodified cycles as compared with the
currently used cultivars would be required in tresec of both crops. In the case of cane,
adaptation should be directed toward taking adwgenta the potentially positive effect of an

increase in temperature.

In response to an excess of soil water under areased precipitation scenario in the case of
sugarcane better drainage will be needed as wethpsoved harvesting practices to maintain
quality. In the case of citrus improved drainag#&astructure is needed. New cultivars with
higher resistance to soil anaerobiosis would be@pate. Resistance to diseases and pests,
likely to become an increasing problem under sdéesawith higher temperature and
precipitation conditions relative to the baselifimate, should also be considered. The capability
at the national level for testing new cultivars amehducting genetic improvement is reasonably
inadequate. High levels of research experienceedisas the technical and logistical capacity for
this purpose are lacking in institutions such ast@¢ Farm, UB, BCFA and CGA.

Changes in management practices are also feashileaative measures to respond to climate
change. This could include, for example, changeslanting dates to compensate for the crop
cycle modifications induced by new weather patteuch as temperature conditions, rainfall
distribution and intensity. Fertilization to comgate for N loss under excess soil water
conditions, and irrigation under decreased prediipih will be necessary as part of the
agronomic management.

Although the chances of timely adaptation to terapege changes are fairly good (which does
not mean that there will be no negative impactsasts involved), the response to precipitation
changes is of greater concern. First, the unceitaias to the sign and magnitude of the changes
prevent appropriate planning. Second, the postsilafiprecipitation variability being augmented
implies that current unfavourable conditions ragmgltfrom climate variability might be
worsened. Third, adaptation to either positive epative changes in precipitation (such as
fertilization and irrigation, respectively) woule lzostly. A thorough cost-benefit analysis would
therefore be required. Independent of their cossponses to precipitation changes are
considered to be technically possible.

Adoption of policy measures would be required (&xample, credits or tax exemptions) to
facilitate their implementation. Government-produ@essociations partnerships with support
from international organizations, such as thosd #ssist in the development of irrigation
capacities in the country, are appropriate mechair facilitating the adaptation process. In



addition, technological development applied to @gtural production, which is increasingly
being paid attention to by national farmers, wouttgporove crop yields and establish more
favourable conditions for responding to environnaéohanges.

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

Agriculture, rural livelihoods, sustainable managatof natural resources and food security are
inextricably linked within the development and dite change challenges of the twenty-first
century. Indeed, not only is food security an esipiconcern under climate change; successful
adaptation and mitigation responses in agricultae only be achieved within the ecological,
economic and social sustainability goals set fingithe World Food Summit, the Millennium
Development Goals and the UNFCCC.

As discussed in IPCC Fourth Assessment Report (ARddking Group Il (WGII), adaptation
and mitigation under climate change will requiren@mic policies to cope with the high level of
uncertainty in the timing and magnitude of potdntianate changes and the rapidly evolving
knowledge. Furthermore, climate change adaptatiolicips will interact with sustainable
development and natural resource management, sutlioae necessary to protect human and
animal health, foster governance and politicaltsgh

It added that frameworks should also be able tegnatte the social and biophysical aspects of
vulnerability to climate change. The report frone fRanel also suggests that poverty alleviation
and elimination should be an integral part of amamation strategy. Previous adaptation
strategies were primarily science and researchiade Current vulnerability assessment offers
an opportunity to develop policy frameworks thatus on such things as poverty alleviation,
alternative livelihoods, protection of the commamsl the strengthening of collective action.

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

5.1  Adaptation Initiatives

As part of the vulnerability assessment, Belizeaparity to adapt to climate change will be
evaluated under the following headings: Crop Yi€ldanges, Changes in Economic Impacts,
Resource and Environmental Effect (Changing watmahds for irrigation, Surface water
guality and increasing pesticide use) and Climaaability.



5.1.1 Crop Yield Changes

The Agriculture Department has responsibility foragriculture-related activities including the
management and control of agrochemicals and ctdtivapecies. In this area no institution is
conducting research at a scientific level so timfdrmation is severely deficient in terms of
yields, acreages and climatic data. As it is knoventain management practices has to be
implemented. In sugar for example, harvesting natheave to improve to reduce mud in the
cane delivered to the factory. Other examples belichanging planting dates for sugarcane but
this is not practical for a perennial crop suclti&sis.

Independent of their cost, responses to precipitathanges are considered to be technically
possible. Both the CGA and CFA have to develop dapacity to implement drainage and
irrigation programs as well as to create awareabssit 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 socaemic data, or indeed development

indicators and relevant tools for enhancing theesmsent of the economic impact of climate

change on the sugar and citrus sector. It mustobedrthat global warming can have an effect

where the temperate countries will be able to pceduigher yields as well as more conducive

growing season for both sugarcane and citrus.dnX8 assessment it results indicate that citrus
yield will improve as well as sugarcane.

It is expected that the economic impact on the ZRaln agriculture sector will result in

redistributed changes between producers and comsuribe direction will depend on the

direction of effect on world prices as it is expetthat supplies will exceed demand. Lower
prices increases producer losses and add to condwenefits. Higher prices reduce producer
losses and consumer benefits.

5.1.3 Resource and Environmental effects

In terms of improving the coverage of potential aofs of climate change on agriculture, this
study has made advances over the previous assdssi@eme of the advances were in the area
of resource and environmental effects by includamgironmental modification in the DSSAT
simulations. Details of the studies underlying thummary are given in the modelling outputs.

Demand for land.

Agriculture’s pressure on land resources will gatigiin Belize given the global increase in the
price of food. This will result in excessive lanikaring that can contribute to flash floods in
extreme events such as the one that occurred hgcent

Demand for water,

At the national level, the models used in this Assgent indicated irrigated agriculture’s need

for water will declined approximately 5-10% for ZD@nd 30-40% for 2090 climate conditions
as represented in the two scenarios. At least aetofs are responsible for this reduction in



water demand for irrigation. One was increased ipit@tion in some agricultural areas. The
other was that faster development of crops dueigbein temperatures resulted in a reduced
growing period and thereby reduced water demanthdrcrop modelling analyses done for the
Assessment, shortening of the growing period redlyglant water-use enough to more than
compensate the increased water losses from pladtsals due to higher temperatures.

Improved water management for drinking and agnicelthrough understanding water flows and
water quality, improved rainwater harvesting andervatorage and diversification of irrigation
techniques will need to be taken into consideratidgriculture uses of water compete with
urban and industrial uses and tight economic manageis necessary to avoid unsustainable
use of the resource. Aquifer discharge is throughging and artesian spring discharge.

Surface water quality.

Potential effects of climate change on water guatitBelize must be considered very uncertain
because current climate models may not fully represhe effects of extreme weather events
such as floods or heavy downpours, which can wasjelamounts of fertilizers, pesticides, and
animal manure (used in sugarcane and citrus sudrsgehto surface waters. This is the same
water that is used to supply potable water to #eegal population.

Soil erosion and nutrient runoff from crop and $it@ck production have played a major role in
the health status of the barrier reef.

Pesticide expenditure

The approach used in the Assessment did not considecased crop losses due to pests,
implicitly assuming that all additional losses wezeminated through increased pest control
measures. This may underestimate pest losses. @ipes will increased under the climate

scenarios considered for both crops as it is ergetttat new pest and disease will evolve with
climate change. The increase in pesticide expemditaould increase environmental problems
associated with pesticide use, but much dependboon pest control evolves over the next
several decades. Pests develop resistance to korgtbods, requiring a continual evolution in

the chemicals and control methods used.

5.1.4 Climate Variability

Ultimately, the consequences of climate changeBfgizean agriculture hinges on changes in
climate variability and extreme events. Agricullisgstems are vulnerable to climate extremes,
with effects varying from place to place becausdifferences in soils, production systems, and
other factors. Changes in precipitation type (ramd hail), timing, frequency, and intensity,

along with changes in wind (windstorms and hurresgn could have significant consequences.
Heavy precipitation events cause erosion, watenhgggand leaching of animal wastes,

pesticides, fertilizers, and other chemicals inidace water and groundwater. While all of the
risks associated with these impacts are not kndha,system is known to be sensitive to
changes in extremes. The costs of adjusting to sbhahges will likely increase if the rate of

climate change is high, although early signals framapidly changing climate would reduce

uncertainty and encourage early adaptation.



One major source of weather variability is the ElidSouthern Oscillation (ENSO)
phenomenon. ENSO phases are triggered by the mowenhevarm surface water eastward
across the Pacific Ocean toward the coast of SAmtlerica and its retreat back across the
Pacific, in an oscillating fashion with a varyingrpdicity. Better prediction of these events
would allow farmers to plan ahead, planting différerops and at different times. The value of
improved forecasts of ENSO events has been estinaat@pproximately $500 million per year.
ENSO's effects can vary from one event to the nexedictions of the details of ENSO-driven
weather are not perfect. There are also widelyiugrgffects of ENSO across the country. The
temperature and precipitation effects are not #mesin all regions; in some regions the ENSO
signal is relatively strong while in others it ise&k, and the changes in weather have different
implications for agriculture in different regiongedause climate-related productivity constraints
differ among regions under neutral climate condgio

As climate warms, ENSO is likely to be affectednt®omodels project that El Nifio and La Niia
events and their impacts on Belizean weather validme more intense with climate change.
The potential impacts of projected changes in feegy and strength of ENSO conditions on
agriculture were modelled in this Assessment.

5.2 Conclusions

Belize is considered to be sensitive to long-tetimate changes as a result of their potential
effects on sectors of particular socioeconomic irtggece, such as agriculture and coastal
development. Although there is a general conseasube international level on the future
conditions related to global warming, the uncettagwwith respect to the size and magnitude of
precipitation changes and climate variability pai$e result in uncertainties as to future
conditions for such sectors in Belize.

The effects of climate change on crop productionldaliffer depending on the crop involved.
While an increase in temperature might be detrialeparticularly for certain crops, it could

have a positive effect on some summer crops sucticas With regard to precipitation, its

increase could be detrimental to vegetable crop$avourable for rain fed perennial crops such
as sugarcane and citrus. The effects of a decheg@secipitation would be, roughly, opposite.

With appropriate response measures adopted inedytimanner, the overall sustainability of the
sugar and citrus subsector and the overall agu@lltsector would probably not be at a
significant risk. The adoption of technical measufguch as genetic improvement and changes
in management practices) would be feasible given lttimg-term experience of agricultural
production in Belize. Implementation of policy meess and response strategies consistent with
the new environmental and production conditions ldide required.

Independent of the national situation, it shoukkbabe taken into account that the agricultural
sector would continue to be affected by internatidnade conditions. A potential increase in
world food demand affecting Belizean exports (wkettelated or not to climate change) would
result in the increased overall opportunities igasycitrus and other crops of the sector.



In summary, there is need in Belize to develop appate technical capacities to respond to
climate change in order to reduce the impacts ojpme&onomic activity sectors. However, a
considerable effort is still required to develog ttelevant intra- and inter-sectoral plans and

policies with the consensus of the government bhagtivate sectors.



6. RECOMMENDATIONS
General

It follows that a significant challenge of climagmlicy is to identify and then develop
instruments that allow for a portfolio of adaptatiand mitigation strategies that are effective in
time and space and focus on balancing actions itinesmost appropriate sectors, and within the
chosen scope of specific climate response polidieshe case of a focused priority on food
security and rural vulnerability, a number of liatibns on the usefulness of certain mitigation
strategies may emerge with respect to adaptatguineaments.

One important example is related to bioenergy aifuél production which, as a mitigation
strategy, may have benefits for rural incomes dnds tdevelopment. However, in order to
prevent serious negative repercussions on foodegricecosystem functions including
biodiversity and carbon cycling, and local food itatality, they need to be planned at the
appropriate national level and in conjunction vatfocused rural development policy.

Box 5. Adaptation strategies in agriculture

flooding and salinization; altering fertilizer ratéo maintain grain or fruit quality alteri
amounts and timing of irrigation and other waternagement; altering the timing
location of cropping activities.
Managing river basins for more efficient deliverfyimigation services and prevent Wajfr
logging, erosion and nutrient leaching; making widse of technologies to “harvest”
water and conserve soil moisture; use and transyaigr more effectively.
Diversifying income through the integration of adies such as livestock raising, figh
production in rice paddies, etc.
Making wider use of integrated pest and pathogenagement, developing and usihg
varieties and species resistant to pests and éisgasproving quarantine capabilities and
monitoring programmes.
Increasing use of climate forecasting to reducelpection risk.
Matching livestock stocking rates with pasture pitbn, altered pasture rotati
modification of grazing times, alteration of foraged animal species/breeds, integra on
within livestock/crop systems including the useaofapted forage crops, re-assesging
fertilizer applications and the use of supplemgntaeds and concentrates.
Undertaking changes in forest management, incluiarglwood/softwood species mik,
timber growth and harvesting patterns, rotationgay; shifting to species or areas mgre
productive under new climatic conditions, plannilagdscapes to minimize fire and
insect damage, adjusting fire management systemitsating prescribed burning that
reduces forest vulnerability to increased insectbimaks as a non-chemical insgct
control; and adjusting harvesting schedules.
Introducing forest conservation, agro forestry afatest-based enterprises fpr
diversification of rural incomes.

(Howden et al, 2007)

Altering inputs, varieties and species for increlassistance to heat shock and drougrlt
.




Climate change adaptation strategies should ainmantaining, or even increasing, food
production in key exporting developed and develgpaygions, or in regions key to regional food
security. Any significant change in food productionthese areas, including change resulting
from climate change impact, has potential to aftgabal and regional availability, stability and
access to food through direct and indirect repeions on international and local markets.

The recommendations made in previous assessmer@sitet with limited success for a number
of reasons, including lack of funding, lack of cdioation and unavailability of personnel. Other
observations made during this current assessment ar

the lack of political will that is hidden under tgaise of development and

the fear of public officers to make decisions tmaght be technically sound but
politically unpopular. There are no recommendatimnghese.

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

Specific Recommendationselated 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 datain both subsectors in terms of yields, acreages @thér relevant
information.

6.2 Improved Data Management:

6.3 Increasing use of climate forecasting to reducedpiation riskby providing timelyand
reliable agro-climatological/seasonal forecast to ciand sugarcane subsectors

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

6.5 Invest in new technical or management strategiexrder to address existing inadequate
options that are or would be necessary to resporitie projected climate changes and
climate variability.

6.6  Conduct training in socio-economic impact assessmokdimate change.

6.7 Develop crop insuranci the citrus and sugar growing areas of Belize.



6.8

6.9

Develop an incentive programntbdat encourages the productive sector to actively
participate in implementing practices that mitigeded adapt to climate change.
Mainstream best practices such as water usagecaedyas consumption and garbage
reduction through rebates and tax incentives. liuiman nature that most people will not
participate in programmes that they cannot beffiefih in some way. There is really no
incentive for people to change their habits if doso will not make any appreciable
difference to them. There is opportunity to provide and import duty incentives or
points rewards farmers who use clean eco-frienddggction technology.

Develop a Public Awareness and Education Strategy

There is the need to develop public awareness @iodmation dissemination strategy

that involve all the organizations in the sugar aitdis subsectors and is targeted to all
sectors of the population, especially the produaerd grass roots. Develop public

awareness by keeping the public informed of devekps through the media, talk

shows, newspaper articles, special events etc,naaick them user friendly. Climate

Change should not be made to seem a special evidself but should be presented as an
integral part of everything that is happening. Thase and effect link needs to be made.

b) No regrets measures

6.10

6.11

6.12

6.13

6.14

6.15

Strengthening and capacity-building of researchtiingons in the subsectors and
Ministry of Agriculture.

There is need for institutional capacity to condexgperiments and run modelling through
simulations using available software.

Promote better land and land use managem#émbugh erosioncontrol and soil
conservation measures.

Establish a functional Information and Networkingpg§ram.

There is the need to collect, collate, catalogu® @py all the technical information that
is currently scattered across the various subsectgwvernment agencies and NGO
partners. This will serve the dual purpose of ikmg the information readily available

and ii) indicating gaps in the information neededgroper management.

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

Revise, update and streamline the current agricaltiegislations and policieso make
them relevant, to eliminate overlaps and closetiaggaps as well as to consider climate
change.

Develop sound strategies to increase compligoexicularly with regard to agricultural
development.



The general concern within the regulatory agenisidbe shortage of resources. In most
cases the compliance functions are dropped wheoumsss get scarce. Given the
importance of compliance programmes it is vitak thew ways be found to keep them
going.
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