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Hello everyone! It is a pleasure for me to be sharing with you some general information about agriculture  in Puerto Rico and on my preliminary research ideas on agricultural incentives and their contribution to climate change in the US Caribbean.
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I would like to start by presenting a little bit of the geographical context of the Caribbean and how this region is a special opportunity to understand how globalization, climate variability and local socioeconomic conditions are affecting agricultural lands and vulnerability to climate change.  Due strategic geographical position between North and South America, The Caribbean, has been  historically shaped by global, cultural and economic influences – for example from Spain, France, United Kindom, Soviet Union, USA). It is also a strategic position where tourism has flourished as well as a biodiversity hotspotsMost important for the purpose of this research, its geographical position makes this region extremely vulnerable to climate phenomena (hurricanes, tropical storms, and severe droughts).



Decrease of agricultural lands 2001 to 
2010

Decreased by 1,498 km2

o Cuba (−753 km2)
o Haiti  (−317 km2)
o Dominican Republic (−301 km2) 
o Puerto Rico (−119 km2) 
o Jamaica (−8 km2)

Agriculture/herbaceous 

(Alvarez et al., 2013)
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A combination of historical events and the mentioned factors have been critical in defining land changes in the Greater Islands of the Caribbean – which in the last decade have resulted in a net decline of agricultural lands.These maps show the result of an analysis on patterns and hotspots of land change using MODIS satellite images from 2001 to 2010.The circles show municipalities that won or lost agricultural lands. Orange symbolizes loss, while blue symbolizes gain.Loss of agriculture and pastures dominated the Greater Islands Caribbean region. At the regional level 50 of the municipalities lost agricultural areas, while only 13 gain agricultural lands.In general, the agriculture and herbaceous class decreased by 1500 km2, and almost all 99.8% occurred in Cuba, followed by Haiti, Dominican Republic, Puerto Rico and Jamaica.An example of international influence affecting land change in the Caribbean is the case of Cuba and the decline of the sugar cane production in Cuba after the fall of the Soviet Union. During the 90s, Cuba did not received agricultural incentives for the production of sugar cane, the industry could not support the production, and many of the productive fields were abandoned. An example of climate affecting land change happenened in Jamaica. As a result of two consecutive storms and two major droughts agriculture in Jamaica did not growth in the last decade. 



Region 801 km2

o Cuba (+799 km2)
o Puerto Rico (+19 km2)
o Dominican Republic (+4 km2)

Increases and decreases in woody vegetation

o Haiti (−21 km2) 

Woody vegetation
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Interestingly, many of the municipalities that loss agriculture, gained woody vegetation.At the regional level 51 municipalities gain woody vegetation, while only 20 loss woody vegetation.Overall, woody vegetation increased by 801 km2. Most of the gain occured in Cuba, followed by Puerto Rico, and Dominican Republic. Haiti was the only country with net woody loss.Despite the good news of forest regrowth in some municipalities, the reality that some of the islands have a precarious agricultural economy and the Caribbean could become more vulnerable to global and climatic events.



Puerto Rico

o1930s: 
o 90% of Puerto Rico in agricultural use
o 70% rural population
o 45% of GDP

o1940s
o Shift toward industrialized economy – US Operation Bootstrap
o Massive rural to urban migration
o Abandonment of agricultural lands and recovery of the woody cover 

oToday
o Woody cover  54.7% in 2009
o Agriculture < 1% of Puerto Rico’s GDP
o Imports 85% of food supply

USVI
o 1960’s shift to manufacturing and tourism as main activities
o Agriculture ~1% of GDP
o Imports ~97% of food

Historical background
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One of the most studied cases of agricultural abandonment and reforestation in the Caribbean, is the case of Puerto Rico. As recently as the 1930s, 90% of Puerto Rico was in agricultural use, over 70% of the population lived in rural areas, as agriculture accounted for 45% of the gross domestic product.As a response to the United States operation bootstraps, Puerto Rican society began a deliberate shift toward a more industrialized economy in the 1940s.The rural to urban migration resulted in the abandonment of many agricultural lands as farmers replaced agrarian activities with jobs in the manufacturing and service industries. This in turn promoted the recovery of the woody cover in the islandTodayAgriculture representing less than1 percent of Puerto Rico’s GDP. We are importing 85% of the food we consumeThe panorama is similar for the USVIIn the USVI agriculture was an important sector (mostly sugar cane) until the early 20th century, but by 1960s the islands saw a shift toward manufacturing and tourism as the main economic activities. As in Puerto Rico, USVI residents depend on imports from the continental US for the majority of their food and domestic products.



Today: Agriculture is a weak economic activity

Puerto Rico Virgin Islands

Land use Arable land: 6.76%
Permanent crops: 4.5%
Other: 88.7%

Arable land: 2.86%
Permanent crops: 2.86%
Other: 94.29 %

GDP Agriculture: 0.7%
Industry: 48.8 %
Services: 50.5%

Agriculture: 1%
Industry: 19%
Services: 80%

Food imports 85% 97%

Natural hazards Hurricanes, periodic 
droughts and floods

Hurricanes, periodic 
droughts and floods

Environmental issues Erosion, droughts causing 
water shortages

Lack of natural 
freshwater resources

Source: CIA World Factbook, 2014
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This table show as a comparative profile of Puerto Rico and US Virgin Island. 



There is hope for agriculture in Puerto Rico!
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Presentation Notes
Just as recent as last week, we started having good news about agriculture in Puerto Rico. The stories reported that Puerto Rico is seeing an agriculture renaissance as new farms are established across the island, The amount of acreage under cultivation rose 50% over the past four years, generating at least 7,000 jobs.Indeed, farming has become one of the few areas of growth on an island that if struggling to emerge from a 10-year old recession. ($70 billion debt)(The rice venture is one of about 350 farms that the government supported to reduce Puerto Rico’s reliance on expensive food imports and spur the growth of a sector that dominated the economy until the 1940s, when the territory began a decades-long transformation into a more urban, developed society where few wanted to work on farms.)



Climate projections for Puerto Rico

Air temperatures are 
expected to warm faster than 
global average (more days 
>95 F, nights >85 F)

Rainfall will decrease, 
particularly in the wet 
season. More dry days

Frequency of precipitation 
over 1 inch of rain will 
decrease; extreme 
precipitation (>3 inches/day) 
will increase

o Increasing 
temperatures

o Rising sea 
levels

o Shifting rainfall 
patterns

o Intense tropical 
storms and 
hurricanes

General pattern for the Caribbean

(Hayhoe, 2012)
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While agriculture promises to growth in Puerto Rico, the climate projections signify great challenges for the regionFuture climate scenarios in the Caribbean show increasing temperature, rising sea levels, shifting rainfall patterns, and more intense tropical storms and hurricanes as a result of global climate changePuerto Rico is expected to warm faster than the global average, with increases in both mean and extreme temperatures, including more days per year over 95F and nights warmer than 85F.Rainfall will decrease, particularly in the wet season, with ore frequent dry daysThe frequency of moderate extreme precipitation (over 1 inch of rain) will decrease, while more extreme precipitation (over 3 inches of rain in a day) will be more common



Climate change impact on agriculture

Low livestock 
productivity

Incidence of pests

Scarcity of water 
for irrigation

Food insecurity

Social vulnerability
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How does climate change will affect agriculture in the CaribbeanEnvironmental level we are expecting scarcity of water for irrigation, droughts affecting livestock production, more incidence of pests). And of great importance for our region increase of food insecurity as we could continue to rely on imported food and products to support our needs.(Scarcity of water for irrigation - Drought decreases the environmental carrying capacity and productivity of the soil. Sea level rise can cause the salinization of aquifers and loss of agricultural lands on the coast.Increase incidence of pests: Changes in temperature and humidity increase the vulnerability of agro systems to pests and introduced speciesFood insecurity: Changes in rainfall patterns and temperatures affect the timing of agricultural production and crop yields, affecting food prices and availabilityLow livestock productivity- Drought, heat stress, and dry pastures reduce the availability of feed, which increases animal mortality and increases the cost of production by increased us of concentrate feedSocial vulnerability: Populations and prime agricultural lands are located in coastal areas, vulnerable to sea level rise. Only 16% of farms have crop insurance coverage and 68% of farms have a net household income of less than $20,000 making the vulnerability of climate change among Puerto Rico’s farmers very high)



2015 Drought 

• 86% of Puerto Rico and the US Virgin Islands were under a water deficit
• 25% Puerto Rico in extreme drought and 45% under severe drought
• Drought impact 2015 - > $100 million was loss in agricultural sector
• Water rationing. Many areas received water only 1 every 3 or 4 days
• Water deficit impacted crash crops – plantains, root crops, bananas, and 

coffee in Puerto Rico
• Livestock in the eastern part of Puerto Rico and on St. Croix

Source: http://www.nrcs.usda.gov/wps/portal/nrcs/detail/pr/technical/?cid=nrcseprd390019
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We are already experiencing climate change and the impact on agriculture.In 2015 Puerto Rico and the Vistign Island experienced a historic drought.Eastern Puerto Rico, eastern parts of St. Thomas and St. John, and the entire islands of Vieques, Culebra, and St. Croix suffered through over three months without significant rainfall. Over 86% of Puerto Rico and the USVI were under a water deficit. These extreme conditions damaged crops, weakened and killed livestock, and increased the threat of wildfires. Drought impact 2015 - > $100 million was loss in agricultural sectorAlthough little can be done to control rainfall and storm events, technical experts at NRCS can help producers in Puerto Rico and the USVI apply science-based conservation solutions to build resilience in their operations and mitigate against the impacts of drought. Below are examples of conservation practices NRCS can help farmers install to deal with the impacts of drought.Caribbean Area NRCS has also added several conservation practices we have not traditionally used in the past, including Water Harvesting Catchments and Underground Outlets to help producers better manage water deficiencies in arid areas and expand livestock watering. We are also trying to determine how we can implement irrigation practices for the humid uplands, which is a challenge because of requirements to document irrigation history. We need producers's help to build documentation based on how much and how often they are hauling water and watering crops by bucket and/or hoses in order to get the needed water to animals and crops at the right time.



USDA incentive programs

NRCS

Risk 
Management 

Agency

Puerto Rico 
Department 

of Agriculture

Farm Service 
Agency

Role of USDA programs  
1.NRCS: Conservation programs and 
technical assistance activities. Reduce 
GHC emissions or increase carbon 
sequestration and build greater resiliency 
to climate and weather variability.

2. FSA: Conservation and energy, 
commodity crop, disaster assistance, and 
farm loan programs. Virtually all of FSA’s 
programs affect producers’ ability to adapt 
to and even mitigate the effects of climate 
change. 

3. Risk Management Agency: Crop related 
insurance products to help farmers and 
ranchers manage the risks related to 
agricultural production. In Puerto Rico 
coverage is provided against agricultural 
production losses due to unavoidable 
natural perils such as hurricanes, floods, 
and fire. Funds are managed by 
Corporación de Seguros Agrícolas de 
Puerto Rico.
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USDA agencies in the Caribbean play a major role in ameliorating climate change and helping agricultEach program has a different scope, geographic area of application, objectives, and requisites for participation. Although little can be done to control rainfall and storm events, technical experts at NRCS can help producers in Puerto Rico and the USVI apply science-based conservation solutions to build resilience in their operations and mitigate against the impacts of drought. Below are examples of conservation practices NRCS can help farmers install to deal with the impacts of drought.Caribbean Area NRCS has also added several conservation practices we have not traditionally used in the past, including Water Harvesting Catchments and Underground Outlets to help producers better manage water deficiencies in arid areas and expand livestock watering. We are also trying to determine how we can implement irrigation practices for the humid uplands, which is a challenge because of requirements to document irrigation history. We need producers's help to build documentation based on how much and how often they are hauling water and watering crops by bucket and/or hoses in order to get the needed water to animals and crops at the right time.NRCSIs the principal federal agency that provides conservation technical and financial assistance and private agricultural and forestlands.NRCS is already addressing potential effects of climate change through conservation programs and technical assistance activities that take steps to conserve and improve natural resources and assist farmers and ranchers on the land. Much of this assistance mitigates climate change via reduced GHC emissions or increased carbon sequestration and builds greater resiliency to climate and weather variability.



Challenges

Decline in participation
RMA incentives 

(insurance)

Relatively low 
participation in federal 
incentives in the coffee 
region of Puerto Rico

Source: Centro para la Conservación del Paisaje
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But there are some challenges to the implementation of these programs that we do not understandWhile, at the national level crop insurance business increases, in the last 10 years crop insurance participation and liabilities for Puerto Rico have declined. – as we can see in this graph that shows a decline in the number of acres insured in the last 15 years. The decline has been in all the major production crops, such as coffe, bananas, plantains and yams. However, crop insurance remains asn an important risk management tool for local producers, especially if losses occur as a result of hurricanes. (Fruit Orchards (passion fruit, avocado, papaya) liability increased from $6.9 million to $7.3 million).Another example is the participation inincentives programs for farmers in the coffee region. A study being conducted North Carolina State Universtiy in the coffee region in Puerto Rico, found a relatively low participation in federal incentives. 50% of the farmers interviewed participated in only incentives from the local Department of Agriculture. 29% participated in both.



Challenges

• Low or no participation in programs
• Language constraints
• Internet availability
• Geographical barriers 
• Confusion about programs

• Limited program availably 
• Hurricanes are covered, but not droughts
• Coverage limitations (USVI does not covered for insurance)

Applied research is needed to understand gaps in 
information, bottlenecks in outreach, geographical 
coverage of incentives, impacts of incentives on 
climate change adaptability
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Preliminary conversation with stakeholders in the agricultural sector identify some factors that might be curtailing participation. To name a few:Language constraints, Internet availability, Geographical barriers, Confusion about programs, to many papers to fill out!On the other side, there is room to improve program availability – for instance USVI as far as I know, does not receive RMA incentivesDefinetivley, there is a need for applied research to undertand the gaps in information, bottlenecks in outreach, geographical coverage of incentives, and ultimately, the impacts on climate change adaptability in the tropical islands.



General Research Program

1) Conduct a large-scale analysis aimed at providing insights into the 
long term benefits of USDA programs that relate to climate 
adaptation and greenhouse mitigation, 

2) to determine what kinds of analyses help identify best practices for 
current and future climate scenarios, and 

3) to evaluate the gaps in information and information delivery that 
hinder implementation and alignment of USDA-recommended 
actions. 
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Here at the Caribbean Climate hub we are developing a research progam to:Conduct a large-scale analysis aimed at providing insights into the long term benefits of USDA programs that relate to climate adaptation and greenhouse mitigation, to determine what kinds of analyses help identify best practices for current and future climate scenarios, and to evaluate the gaps in information and information delivery that hinder implementation and alignment of USDA-recommended actions. 



Applied research

Topic 1: Government incentives program participation 
in a complex tropical landscape

• Tropics: Farm diversity, crop diversity, soil diversity, 
language diversity

– What are the factors of success of government incentive programs? 
– What are the characteristics of farms and farmers enrolling in programs 

from NRCS, RMA, FSA? 
– Who are the programs reaching? Who are not reaching?
– Evaluate both environmental, and socio-economic variables

• Analyze programs with a direct link with climate adaptation
• Draw conclusions applicable to similar tropical countries
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In the Caribbean climate hub, we are designing a project to investigate the characteristics of farms and farmers that are participating in USDA programs with the idea of understanding the variables that might help us see how government incentives can help farmers alleviate climate change and draw conclusions that could be applicable to the tropicsSome of the questions that we are expecting to answer are: What are the factors of success of government incentive programs? What are the characteristics of farms and farmers enrolling in programs from NRCS, RMA, FSA? Who are the programs reaching? Who are not reaching?Evaluate both environmental, and socio-economic variables



Applied research 

Agricultural census
(1997, 2002, 2007, 

2012)

GIS: Common Land 
Units

(Farm Service Agency)

GIS: Incentives spatial 
location

(FSA, NRCS, RMA)

• Identify significant characteristics of US Caribbean farmers and farms that 
participate in NRCS, FSA and RMA conservation and incentives program

• Identify significant characteristics of farmers and farms that participate in 
programs related to climate adaptation to selected climate events (hurricanes, 
drought, storms)

• Analyze with multiple regressions (based on research by Agouridis, et al. 2012)
• Conduct interviews with farmers participating and not participating

Based on literature review, some variables that have been tested: Crop size, primary occupation, 
age,  internet, program

Other variables: accessibility, crop type, geographical region (coffee region vs livestock region)
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How are we going to do this?We are hoping to combine GIS information on the location of programs with data from agricultural census at the municipality scale and data collected with interviews with farmers.Similar research was conducted in Kentucky, were they tested crop size, primary occupation, age to understand the characteristics of farmers and operations that enrolled in certain NRCS practicesWe are hoping to add other variables that relate with accessibility, crop type, geographical region and if possible, we are hoping to incorporate data from the three agencies – and narrow our analysis to practices that directly tackle climate adaptation.Intervies with farmers participating and not participating will provide insights to the patterns observed in the large-scale analysis. (78 municipios in Puerto Rico)



Landscape view of NRCS practices

1992-2016
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This map, for example, shows the distribution of EQUIP NRCS practices in Puerto Rico and USVI from 1992-2016.We are collecting similar information from FSA and NRCS to construct a complete database on practices



Common land units and EQUIP practices

1992-2016
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When we use the Farm Service Agency common land units, we can join the NRCS program data information to see what are the farms that have enrolled in the programs.We hope to get the information on FSA and RMA programs as well.



Applied Research

Topic 2: Assessing adaptation practices in relation to climatic stressor 

1.Understand the spatial pattern of practices and incentives enrollment with 
respect to drought prone areas in Puerto Rico and USVI
2.Historical time-series analysis of drought practices – where are the gaps?

Quantitative
•Controlling for environmental variables (soil type, elevation, field, others), we 
would expect that farms with adaptation practices for drought better adapted to 
2015 drought impacts

1. Was the farm maintained?
2. Was the size of the field maintained?
3. Crop type?
4. Willingness to participate?

Interviews with selected farmers that enrolled in adaptive practices and with a few 
that did not, can provide insights into these questions
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In the topic 2, we are focusing the analysis on analysing adaptation practices in relation to a climatic stressor, in this case, drought.We will first describe the spatial pattern of practice enrollment with respect to drought prone areas using a combination of maps from the drought monitor mitigation center and will ask, where have been the gaps in enrollment in those areas that are the hotspots of drought?At the farm level, we will investigate, if we control for environmental variables, we would expect that farms with adaptation practices for drought better adapted to 2015 drought impacts. Some preliminary variables to test our hypothesis could be:Was the farm maintained, the size of the farm? The crop type? Willigness to participate? Interviews with selected farmers that enrolled in adaptive practices and with a few that did not, can provide insights into these questions



NRCS Adaptation practices related to drought

Land_Use Practice Practice_Code
Pasturelands Rotational grazing 528
Pasturelands Grazing land mechanical treatment 548
Pasturelands Silvopasture 381
Pasturelands Exclusion fences 382
Pasturelands Ponds 378
Pasturelands Wells 642
Pasturelands Water conveyance systems
Pasturelands Springs development 574
Pasturelands Watering system designs 614
Cropland Water Harvesting Catchments 636
Cropland Underground Outlets 620
Cropland Cover crops 340
Cropland Crop residue management 329; 345; 384
Cropland Riparian Forest Buffers 391
Cropland Irrigation water management 449
Cropland Water management practices 449; 554

Land Use Efficiency Score indicators that include soil erosion, soil 
quality, insufficient water, and fire hazards.
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For this analysis, we will rank the impact of practices in relation to their adaptation potential for drought using Land Use Efficiency Score indicators that include soil erosion, soil quality, insufficient water, and fire hazards. To help us narrow the combination of variables to be evaluatedAlthough little can be done to control rainfall and storm events, technical experts at NRCS can help producers in Puerto Rico and the USVI apply science-based conservation solutions to build resilience in their operations and mitigate against the impacts of drought. Below are examples of conservation practices NRCS can help farmers install to deal with the impacts of drought.



CLU enrolled in EQUIP drought practices
1992-2016
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This is a zoom of the eastern part of Puerto Rico, the area that was strongly impacted by the 2015 drought. Here we see the common land units, or farm units that had enrolled in EQUIP practices related to drought adaptation.



Broader impacts

• Provide suggestions of approaches to improving participation (i.e. 
enrollment) and the implementation of practices

• Provide suggestions to WHERE to focus outreach program and 
what materials should be covered (based on the analysis) in the 
outreach material

• Provide suggestion to which other incentives are needed in Puerto 
Rico and USVI

• On a bigger scale, extrapolate suggestions to other tropical regions 
with similar agricultural practices
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Broader impacts of our analysis include: Provide suggestions of approaches to improving participation (i.e. enrollment) and the implementation of practicesProvide suggestions to WHERE to focus outreach program and what materials should be covered (based on the analysis) in the outreach materialProvide suggestion to which other incentives are needed in Puerto Rico and USVIOn a bigger scale, extrapolate suggestions to other tropical regions with similar agricultural practices



Outreach component

STORYMAP: Spatial Representation of Incentives Available for Agriculture, 
Forestry and Conservation in Puerto Rico and the U.S. Virgin Islands

Technical report: Government incentives program participation in a complex 
tropical landscape

Posters and factsheets: Incentives for climate adaptation
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There are many different products that could be derived from this project. A few of them are: StorymapsWe will gather spatial data and associated attributes that represents the distribution of incentives programs that are directed towards the development of resilient agriculture in light of climate change. This information will be used to create a GIS Story map tied to well-documented official information about the incentive  programs for public use in research, education, planning, and management. �General Technical reportsIn addition, we will prepare two Technical Report that describes the incentives programs participation in US Caribbean with lessons learned applicable to other tropical countries.Peer reviewed publicationAnd posters and factsheets where the trigger for the incentive would be a climatic stressor�



Suggestions!

• Similar studies in mainland US
• Similar studies in the tropics
• Reports
• Ideas?

Contact: nalvarezberrios@fs.fed.us

Thank you!
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Now I would like to ask for your suggestions ideas. I am sure there are some experts in the audience, and I would really appreciate your inputs regarding similar studies that I could use to guide my research or internal reports, and ideas and considerations that I should have while continue designing this project.
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