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I. Historical Context of the Agriculture Sector in Puerto 

Puerto Rico is a non-incorporated territory of the United States of America (US) since 

1898, as a consequence of the Spanish-American War. In 1917, Puerto Ricans were granted 

US citizenship and commercial relations between Puerto Rico became exclusive to the US in 

1920 with the signing of the Marine Merchant Act of 1920, also known as the Jones Act. In 

1952, the government of Puerto Rico gained some sovereignty when the Constitution of the 

Commonwealth was signed. This was followed by a period of industrialization (Operación 

Manos a la Obra, since 1947), which gave way to massive rural-to-urban migrations to 

major cities and the US mainland. These migrations shifted the island’s economy away from 

agriculture, and radically transformed the educational system. 

Smallholder farmers and farm workers became industrial laborers. While the island 

experienced an economic boost in more urbanized settlements, food production decreased 

(Figure 1) and food imports increased. Because of population growth, land-uses have often 

favored construction projects that replaced farms and ecologically-sensitive areas. 

According to the United State Department of Agriculture (USDA) and the Puerto Rico 

Department of Agriculture (PRDA), the number of farmers and the number of farms 

dramatically decreased starting in 1960. The main agricultural subsidized industries were 

coffee, cattle breeding, and poultry. More recently, hydroponic systems have been promoted 

to encourage economic rural development. Corporations interested in seed production have 

also thrived and currently occupy the best agricultural lands (e.g. dry weather, good soils, 

and underground aquifers). 

Farms are located in both rural and urban settings, and this has been more visible in 

the last decade with the advent of eco-friendly/organic/agroecological movements and the 

development of organic farmers’ markets throughout the island. Nevertheless, food imports 

were up to 85% just before hurricane María. Directly following the hurricane, this number 

rose to 97% and was magnified by complete lack of electrical energy telephone 

communication, and accessible roads. The vulnerability of the food system in Puerto Rico 

can be described as high, especially considering the low capacity of response to natural 

hazards. Working with the revitalization of rural and marginal areas is key to scaling food 

production on the island, especially in view of the many hurricanes that impact the 

Caribbean region. 
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Figure 1. Major food crops in Puerto Rico from 1960 through 2015. Source: G. Félix with 
data from FAOstats.org (2017). 

 
II. Impact of hurricane Irma and María on the forest cover of Puerto Rico 

There have been many comments and references to the impact of hurricanes Irma 

and María to the forests of Puerto Rico. Some agencies have been careful in their estimate of 

forest loss and others present their assessment based on observations or site impacts that 

are generalized to the island perspective. The different reports and interviews revised 

during this assessment, concur that the massive defoliation on the island after the 

hurricanes suggests a significant loss of trees in the first reviews of these areas. 

A study done by scientist of the Department of Energy Lawrence Berkeley National 

Laboratory (Berkeley Lab) led by Jeffery Chambers produced a preprint article titled “Rapid 

remote sensing assessment of impacts from Hurricane María on forests of Puerto Rico” 

Yanlei Feng, Robinson I Negron-Juarez, Christina M Patricola, William D Collins, María 

Uriarte, Jazlynn S Hall, Nicholas Clinton and Jeffrey Q Chambers 

(https://peerj.com/preprints/26597/). The article is recognized as a well-documented study 

that provides a sound report of forest damage after the hurricane events of September 2017 

in Puerto Rico. Unfortunately, the produced images and maps did not include the municipal 

islands of Vieques and Culebra which are located east of the main island of Puerto Rico. The 

https://peerj.com/preprints/26597/
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Berkeley Lab study used merged Landsat 8 satellite images for the main island. This type of 

imagery typically shows reflected radiation from a mix of features that include live and dead 

vegetation, bare ground and structural development. 

The applied analysis uses the combination or mix of reflectance as part of a spectral 

mixture analysis (SMA) and decomposes the spectral components to identify specific 

characteristics of the observed image. One of the spectral components or end members used 

in tropical forests in this type of analysis is the photosynthetic vegetation (PV) and the non- 

photosynthetic vegetation (NPV) and bare ground. In SMA analysis, a high value of PV 

represents continuous canopy and forest coverage in contrast to NPV that is read as forests 

with open canopies, exposed tree trunks and branches, and a potential pattern of 

deforestation or defoliation. The study done by the Berkeley Lab reviewed the change in the 

non-photosynthetic vegetation (Δ NPV) spectral response before and after the impact of the 

hurricanes. The study also generated hurricane recreations using Weather Research and 

Forecasting (WRF) regional climate model to estimate wind speeds associated with forest 

disturbances. The satellite images (Landsat 8 raw images) used in the study were collected 

from June 1st to September 30th in 2016 for the pre-disturbance information and from 

October 1st to October 30th of 2017 for post-disturbance reference. The analysis concluded 

that generating a reliable estimate of total tree mortality from hurricane Maria and an 

analysis of how that mortality rate varies spatially across the island would require 

additional field investigations that the authors will be doing in a follow study.  

The Berkeley Lab study presents an initial order-of-magnitude impact estimate based 

on remote sensing and field work carried out in landfalling hurricanes in U.S. forests done 

by Negrón- Juárez et al. (2014). The estimate indicated that Hurricane María may have 

caused mortality and severe damage to 23-31 million trees. The study states that other 

researchers have demonstrated that the relationship between ΔNPV, field measured 

mortality and damage rates is highly dependent on variability in forest stem density 

(Negrón-Juárez et al. 2014b).   Forest cover on mainland Puerto Rico was 54.7 percent in 

2009 (Marcano-Vega 2017). In 2007, Brandeis et al. reported that 11.7 percent of the 

inventoried forest stands were mature secondary forests while the 2003 report on The 

Status of Puerto Rico’s Forest reported that 65.7 percent of the inventoried forest stands 

was young secondary forests.  The density of the forests in Puerto Rico is associated with the 

occurrence of mature native forest and secondary or novel forests that include dense forest 

patches dominated by exotic species that follow a succession process that maintains forest 

cover through time. Native forests are better adapted to disturbances and usually have a 

forest structure that recovers faster after disturbances.  

The continuation and the follow up reports of the Berkeley Lab study is associated 
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with a series of research efforts from different institutions. The studies can be followed 

through the International Institute of Tropical Forests where in addition to Director Dr. 

Ariel Lugo, communication can be established with Dr. Grizelle González who is the 

Research Project Leader of the Institute. The Department of Ecology, Evolution and 

Environmental Biology at Columbia University is also running studies under the lead of Dr. 

María Uriarte who is revising a series of plots distributed across the island.  Her research 

strategy is to extrapolate information from the ground plots to have a better interpretation 

of the SMA analysis. Most of the studies underway are also under the Luquillo Long Term 

Ecological Research (LTER) program that is led by Dr. Jess Zimmerman. Appendix III 

contains contact information to facilitate contact and follow up on the reports and 

publications that could provide a more detailed analysis of the forests impacts after the 

hurricanes of 2017.  In April 2018 the National Aeronautics and Space Administration 

(NASA) announced that the agency will be flying over the forest of Puerto Rico taking 

images to measure structure of trees. NASA will be using specialized equipment and 

procedures (Goddard's Lidar, Hyperspectral and Thermal Imager, or G-LiHT1) that uses 

pulses of lasers to map the forest structure in 3 dimensions to provide a better 

understanding in forest structure changes. These images will provide a better picture of the 

impact on forested areas so that further management strategies can be considered. 

The map produced from the Berkeley Lab analysis (Figure 2) provides a good 

representation of the vegetation areas most severely impacted by the hurricanes. It is 

important to recall that the study applied changes in the Δ NPV spectral response before 

and after the impact of the hurricanes. The absence of a spectral response from the trees can 

be caused by defoliation and not necessarily permanent loss of trees. The information from 

the map can be used to identify zones or areas that should be revised or considered for 

further observations considering their ecological conditions and the goods and services 

provided from these areas.  This report is using the Berkeley Lab analysis map as a 

reference to analyze potential disturbance intensity in terms of Watersheds and Natural 

Protected Areas.  

 

1 G-LiHT is a portable, airborne imaging system that simultaneously maps the composition, structure, and 
function of terrestrial ecosystems using: 

1. LiDAR to provide 3D information about the distribution of foliage and canopy elements; 
2. imaging spectroscopy to discern species composition and variations in biophysical variables; and 
3. thermal measurements to quantify surface temperatures and detect heat and moisture stress. 
G-LiHT enables data fusion studies by providing coincident data in time and space and provides fine-scale 
(<1 m) observations over large areas that are needed in many ecosystem studies.
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Figure 2. Disturbance intensity considering the changes in the non-photosynthetic 
vegetation (Δ NPV) spectral response. Data from Feng Y. et al. 2018. Rapid remote 
sensing assessment of impacts from Hurricane María on forests of Puerto Rico. 

 
As shown in Figure 2, the three major areas that display a higher rate of disturbance 

intensity are associated with municipalities of the northeast, southeast and central western 

region of the island. The southeast region includes municipalities that up to April 2018 still 

have sectors or “barrios” without electrical services. The northeast municipalities like Río 

Grande, Luquillo and Fajardo received a boost to their economic income thanks to their 

tourism and recreational economic sectors which depend on a number of hotels, second 

homes for vacationing, coastal amenities and El Yunque National Forest. The central 

western region includes the coffee production zone that is one of the most impacted crops 

and where problems with reconstruction of structures has been one of the concern of the 

residents. 

 
A. Watersheds impacted in term of vegetation coverage 

About hundred and twenty-five (125) polygons are defined for the principal 

watersheds and coastal drainage areas of the main island of Puerto Rico. Figure 3 (map) 

presents an overlay of the principal watershed of Puerto Rico and the disturbance intensity 

map of the Berkeley Lab.  The watersheds and coastal drainage areas are identified by an 

identification (ID) number and their names can be viewed in a table included in appendix I. 

The map provides a better view of the disturbance intensity at different watersheds and 

coastal drainages. The San Juan metro area includes several municipalities around the 
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capital city and has over two million residents plus a floating population associated with the 

business and economic activity of the area. There are three watersheds that are critical for 

the water supply of the San Juan metro area and these are Cuenca del Río Grande de 

Arecibo (# 94 in the map), Cuenca Río La Plata (# 113 in the map) and Cuenca Río Grande 

de Loíza (#97 in the map). The reddish color in these three watersheds are associated with 

zones of higher elevations. This information is relevant for a comprehensive analysis to 

promote efficient reforestation initiatives directed toward sediment reduction and 

watershed conservation programs in Puerto Rico. The main reservoirs in the three 

watersheds mentioned above, have been reported by the United State Geological Survey 

(Soler-López, L.R., 2001) as reservoirs that are severely losing water storage capacity 

because of their sedimentation rates. 

 

Figure 3. Disturbance intensity considering the changes in the non-photosynthetic 
vegetation (Δ NPV) spectral response by watershed and coastal drainage areas. 
Disturbance intensity data from Feng Y. et al. 2018. Rapid remote sensing assessment of 
impacts from Hurricane María on forests of Puerto Rico. 

 
The watersheds of Río Tallaboa (ID #125), Río Matilde (ID # 115), Río Portugués (ID# 121), 

Río Bucana (ID # 82) and Río Inabón (ID #107) in the southwestern region of the island 

show a stronger rate of disturbance in the upper watershed sections and the region must be 

reviewed and monitored to mitigate coastal impacts in the zone. In the southeastern region 

of Puerto Rico, the watersheds of Río Guamaní (ID #99), Río Nigua Arroyo (ID #119), Río 

Grande de Patillas (ID #101), Río Chico (ID #85), Río Jacaboa (ID # 109), and Río Maunabo 

(ID # 117) also present a stronger rate of disturbance, especially in the upper watershed 

zones. The eastern section of the San Juan Bay Estuary (ID #8) area presents a strong impact 
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and this area is associated with the mangroves of the Piñones State Forest. The watersheds 

associated to the zones of the El Yunque National Forest showed a significant rate of 

disturbance. These upper watershed regions are Río Espiritu Santo (ID # 92), Río Mameyes 

(ID # 116), Río Sabana (ID # 122), Río Pitahaya (ID # 63) and Río Fajardo (ID # 93).  Finally, 

the Río Grande de Añasco (ID #95) watershed in the western zone of the island, showed a 

widespread impact. Therefore, field work is needed to understand the complexity of land use 

that could have caused this widespread impact. The watershed outlook of impacts can be 

categorized with a more detailed analysis considering impacts in populations, types of crops 

produced, land use, economic vectors from the social system of the identified zones and 

natural resources variables like precipitation, slopes and soils to define priority watershed 

rehabilitation projects. 

 
B. Natural protected areas in terms of their forest coverage 

Natural Protected Areas (NPAs) have different categories and institutions associated 

with their management and administration. The federal and state governments share the 

management responsibilities of most of the NPAs but nongovernmental organizations 

(NGOs) are also integrated in the management affair of these areas in Puerto Rico. Puerto 

Rico is an archipelago that includes the municipal islands of Vieques and Culebra to the east 

of the main island, Mona and Desecheo to the west, and Caja de Muerto to the south. A series 

of marine reserves also surround the coastal areas of the main island and some of these 

marine reserves are important for fishing and coral resources of the island. Appendix II, a 

map of the Protected Natural Areas of Puerto Rico prepared by the International Institute of 

Tropical Forestry of the Forest Service of the United States Department of Agriculture (Gould 

et al. 2011), is included to provide additional information of the designations and their 

administration. The NPAs as defined by Gould et al. (2011) map are considered to identify 

disturbance intensity per designated area. Figure 4 presents an overlay of the seven NPAs 

with the highest disturbance intensity, six are state forests and one (El Yunque National 

Forest) is managed by a US agency. Considering the economic restrictions of the state 

government it can expected that the state forests might require external assistance to recover 

most of their recreational opportunity and special uses that were provided before the 

hurricane impact. 
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Figure 4. Disturbance intensity in relation to Natural Protected Areas considering the 
changes in the non-photosynthetic vegetation (Δ NPV) spectral response for the main 
island of Puerto Rico. Disturbance intensity data from Feng Y. et al. 2018. Rapid remote 
sensing assessment of impacts from Hurricane María on forests of Puerto Rico. 

 
Considering the NPAs with the highest impacts, a revision over the effects in the 

biological diversity and the delivery of sustainable flows of natural products and services 

should be a priority for these areas. The Puerto Rico Gap Analysis Project (GAP) Volume 1 

(Gould et al. 2008) presented the distribution and density of vertebrate species for the island 

and the seven natural areas with the highest impacts are within areas defined with high 

species richness for vertebrates. The considered species in the GAP include birds, reptiles 

and amphibians that are sensitive to modifications in the forest coverages because of changes 

in food supplies, temperature ranges variations and general habitat requirements. These 

NPAs can be considered a priority in the revision of species impacts and responses after the 

disturbances caused by hurricane María. 

Seeing a landscape perspective of the regions associated with NPA in a review of 

Figure 2 depicts a widespread impact in the northwestern region of the island that is 

associated with karst formations in this zone. Another cluster of impacted areas is associated 

with NPA number 3 (Carite State Forest) in Figure 4 as we view the area of the NPA in Figure 

2. A publication on the natural resources of the karst region titled Puerto Rican Karst – A 

Vital Resources by Lugo et al. (2001) point out a high degree of endemism for trees in this 

zone and the need for direct attention to the fauna of the caves in this region because they are 

not well documented. The north-western karst region can be considered as a zone of concern 

after the impact of the hurricanes. The region closest to NPA number 3 includes the 
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municipalities of Yabucoa, Maunabo, San Lorenzo and Patillas where a chain of mountains 

known as Pandura ridge and the Guardarraya ridge have a special geological characteristics. 

The area is important due to the habitat of a rare and endemic tree frog known as the coqui 

guajón (Eletherodactylus cooki) that is listed as a threatened species by the United States 

Fish and Wildlife Service (USFWS). The area of these municipalities is also considered as a 

zone of concern after the impact of the hurricanes. 

 
III. Impact in agricultural sectors considering data from the Puerto 

Rico Department of Agriculture (PRDA) 

The Secretary for the PRDA estimated damages to the agriculture industry alone of up 

to $2 billion. He is confident that Puerto Rico's agriculture sector will come back stronger 

than before, based on his government’s ambitious goals to decrease the amount of food 

imported to the island from 85 percent to 70 percent. If the government maintains this 

vision and objectives, a more resilient vision of the agricultural industry will be needed. 

Although it is recognized that the PRDA is working with strategic plans, there has been no 

publications of the proposal to reduce the imports to the island. The Division of Agricultural 

Statistics of the PRDA is continually updating their database but a report from March 2018 

presents a total loss of production of $231,456,613.52. An important fact to consider in this 

analysis is that the data of the PRDA is based on information solely from certified farmers 

from the agency. This bias probably leaves out many farmers of small scale production or 

communal projects. Another important element of the non-certified farmers is that they 

have less access to programs and assistances from the PRDA. 

Considering the data of the PRDA, the municipalities of Lares, Utuado, Adjuntas 

and Yauco produce three to four of the ten crops with losses of over five million dollars. 

Production and management of milk require refrigeration and the failure in electricity after 

the hurricanes caused most of the problems to the farmers. The loss in egg production 

associated to infrastructure reported by PRDA is $87,430,489.00 and the loss in 

ornamental plant production associated to infrastructure reported by PRDA is 

$206,527,485.00.  Figure 5 is a graphical representation of the crop losses of more than 5 

million dollars as reported by PRDA as of March 2018. The graph does not include 

infrastructure loss, only direct crop loss. Most of the hydroponics crops recognized are 

coriander, recao leaves, lettuce and tomatoes but other horticultural products are 

recognized at different levels in hydroponics. 
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Figure 5. Crops with losses higher than 5 million dollars reported for the Department of 
Agriculture as of March 2018 

 
The available data of the National Agricultural Statistics Service USDA 2012 Census of 

Agriculture is narrow and limited at the municipality level which hampered potential with 

the disturbances impact map (Figure 2). To compensate for this limitation, the 2012 Census 

data was used to create three density maps at the municipality level to overlay to the 

disturbance intensity map: 1) total number of farms (Figure 6), 2) total income of each 

municipality (Figure 7) and 3) farms owned by individuals or families (Figure 8).  Individual 

and family farms usually have less resources and assets to response to impacts or 

disturbances that affect their infrastructure and crop. Acknowledging the density patterns 

and configurations presented in Figures 6 to 8 it is possible to identify an important region in 

the central western section of the island because of the density in total number of farm 

(Figure 6) and the high density of individual and family farms (Figure 8).   
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Figure 6. Density of total farms by municipalities as reported at the National Agricultural 
Services USDA 2012 Census of Agriculture. 
 

 
 

Figure 7. Density of income of total farms by municipalities as reported at the National 
Agricultural Services USDA 2012 Census of Agriculture. 
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Figure 8. Density of farms owned by individuals or families by municipalities as reported 
at the National Agricultural Services USDA 2012 Census of Agriculture. 

 

Another interesting node or dense area considering Figures 6 and 8 is in the central 

region of the island, the municipalities of Barranquitas and Orocovis along with some of the 

bordering municipalities. Although the total farm related income map (Figure 7) shows a 

high income to some municipalities of the central western section of the island, a higher 

distribution of income is shown in some coastal municipalities. The income information from 

the PRDA is not available for all the produced crops and is grounded on the census 

participants that reported their products. The coastal municipalities are associated with beef 

and dairy cattle farms which allow for a higher income to this class of farmers. In Figure 7 the 

municipalities of Santa Isabel and Salinas display a high-income profile although they do not 

show a high density of farms. The revised data did not provide a corresponding crop for the 

high-income profile, but it is recognized that agricultural lands in these municipalities have 

been used to produce modified seed for sell, and this activity might be resulting in a high 

income reported for these municipalities as part of the census although seed production data 

is not one of the crops presented in the census. 

The density maps (Figures 6 to 8) were used to review the identified nodes and density 

areas with the disturbance intensity map (Figure 2) to consider the municipalities with the 

identified agricultural features that showed a higher impact from the disturbance intensity 

map. Three sections were identified using the association of the disturbance intensity map 

and the agricultural data density maps. The sections were grouped as Western Central (9 

municipalities), Central (5 municipalities) and Southeast (4 municipalities) sections. 

Appendix IV include a table by sections, municipalities and main products and crops 



13 
 

according to the agricultural census data. The main products and crops affected considering 

the identified census data were coffee, plantains, bananas, poultry products, oranges and 

avocados. Many of the identified municipalities in the three sections reported relevant 

incomes from beef and dairy cattle which can be associated with impact in the farm 

infrastructure.  The cluster of municipalities of the Western Central Section of the island 

showed a spread and severe disturbance distribution. The Central section has a high density 

of individual and family farms and is recognized as an area with a high number of 

ornamental farms, a crop estimated to have more than 5 million in production loss (Figure 

5). The Southeast section that is associated with 4 municipalities are dominated by plantain 

and bananas, two crops that were estimated to have more than 5 million in production loss 

(Figure 5).  

In summary, the available data provided a partial profile of the impacted crops because 

of the limitations in the report of crops by municipalities in the census. The number of farms 

and the income reported in the agricultural census by municipalities was used as an indicator 

of higher concentration of agricultural crops and products to consider the relation of these 

municipalities with the disturbance intensity map used for the assessment. The density of 

farms owned by individuals and families was also used because it is recognized that these 

types of owners might have more limitations to respond to a climatic event. Appendix IV 

presents a table of the identified sections of the island where the disturbance intensity was 

recognized and the municipalities with their crops and products are presented. The identified 

sections of the island and products associated with the municipalities by section provide a 

good picture to consider the needs and potential support programs for the farmers and 

agricultural activities according to the crops and products of each section. 

IV. Agencies and Non-Governmental Organizations (NGO) supporting the 

agricultural sector 

A. Agencies 
 

The Federal Emergency Management Agency (FEMA) started its operations after 

hurricanes Irma and Maria hit the island and a disaster declaration was established on 

September 20, 2017. The response of the agencies after the storm can be classify as robust in 

relation to the programs announced and promoted by most of the agencies. FEMA 

coordinated the response to the disaster by assigning federal Departments or Agencies 

specific working areas for on the ground actions and activities. The area of natural and 

cultural resources was assigned to the Department of Interior and the area of farmer and 

crop resources has been assigned to the United State Department of Agriculture (USDA) 

through their programs and assistance alternatives. Appendix IV includes a series of 

organization charts of agencies under the FEMA umbrella that identify agencies and contacts 
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organized after the hurricane. In relation to assistance for farmers the USDA agencies 

included under the umbrella of the Department are identified as key agencies to assist 

farmers. The assistance can be from technical assistance to refunding cash from reported 

damages, refund of cash from the application of incentives and loans. The programs of these 

agencies can be revised in the following links: 

● USDA Natural Resources Conservation Service (NRCS): 
https://www.nrcs.usda.gov/wps/portal/nrcs/site/pr/home/ 

● USDA Farm Service (FS): https://www.fsa.usda.gov/state-offices/Puerto- 
Rico/index 

● USDA Rural Development (RD): https://www.rd.usda.gov/pr 

● USDA Forest Service 

o International Institute of Tropical Forestry (IITF): 

https://www.fs.usda.gov/iitf 

▪ State and Private: https://www.fs.usda.gov/main/iitf/spforestry 

▪ Caribbean Climate Hub: https://caribbeanclimatehub.org/ 

 

Other federal agencies assist individuals or companies in different needs in relation to 

businesses and structures. For access to the NRCS programs, the farmer needs to be on 

record and registered with Farm Service (FS). Requirements to register in FS include land 

title or rental agreement, a constraint that some farmers meet once they start the process. 

After registration, the assistance and access to programs is worked directly with each 

agency. The local agencies like the PRDA are focusing on making sure the island is getting 

access to the right funds and programs from federal agencies. The PRDA is promoting 

participation in the Emergency Watershed Program (EWP) of NRCS which may include 75 

percent of construction costs for emergency measures. The Department of Natural and 

Environmental Resources has directed its activities toward the rehabilitation of the natural 

protected areas with recreational facilities and assisting the residents of their nearby 

facilities. Both agencies refer the farmers or individuals to the federal agencies for 

assistance and aid. 

The EWP requires a local agency or organization as a project sponsor and these 

sponsors are responsible for providing land rights to do repairs work and for securing all 

necessary permits. The program can pay up to 75 percent of emergency measures through 

the NRCS and the remaining 25 percent must come from local sources and can be in cash, 

in-kind services or combination of both. The EWP work must yield benefits to more than 

one person and must reduce life and property threats from excessive erosion and flooding 

caused by a series of events that include natural disasters. The requirements of the EWP 

could limit some farmers, especially farms owned by individuals and families. The EWP 

might help more municipalities and potentially cooperatives or clusters of farms organized 

https://www.nrcs.usda.gov/wps/portal/nrcs/site/pr/home/
http://www.fs.usda.gov/iitf
https://www.fsa.usda.gov/state-offices/Puerto-Rico/index
http://www.fs.usda.gov/iitf
https://www.nrcs.usda.gov/wps/portal/nrcs/site/pr/home/
https://caribbeanclimatehub.org/
https://www.fsa.usda.gov/state-offices/Puerto-Rico/index
http://www.fs.usda.gov/iitf
https://www.rd.usda.gov/pr
https://www.fs.usda.gov/main/iitf/spforestry
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under a formal organization.  Puerto Rican agencies are working as facilitators and 

organizers of programs but the economic limitations in Puerto Rico direct the availability of 

funds and aid to the federal agencies and other institutions. Initiatives like “Unidos por 

Puerto Rico” provided the structure and spaces to organize nongovernmental organizations 

recognized by the state government to collect funds and aid directed to the impacted 

communities. 

B. Non-governmental organizations (NGOs) 

Across multiple sectors, NGOs and individuals stepped up to support the relief and 

rebuilding of Puerto Rico. The agricultural sector is no exception. A total of 54 local and 

international NGOs has been identified as direct supporters of farmers and community 

groups and schools with an agricultural component (see Appendix V for a complete list). 

Some of the NGOs on the list have public documents or social media sites that give us an idea 

about how they are impacting the agricultural sector. For example, 1) Hispanic Federation 

has approximately 3.1 million dollars available through the Fondo Amanece and one of the 

topics is agricultural, groups have to be a 501c3 organization to apply, 2) Paloma del Carmen 

Hurricane Relief Fund has supported farmers directly through donation of materials and 

equipment they specifically requested. Farmers who were interviewed that received their 

support were extremely grateful that they were asked what their necessities were because 

some other NGOs just came with materials and never asked what they needed; 3) ISER 

Caribe a local nonprofit with 501c3 status has been working since before the hurricane in the 

west and south part of the island, they stepped up after the hurricane by providing volunteer 

brigades, direct support and materials to individual and groups, including the agriculture 

sector and 4) World Central Kitchen who has supported the agricultural sector through direct 

hot food distribution, direct support to chefs, and through direct support of material and 

equipment to farmers. It is recommended that an island wide conversation happen between 

the NGOs that are on site or are planning to continue to support the sector from overseas. 

Learning what each group is already doing, what are their strengths and their weaknesses as 

well as their future plans would increase effectiveness of support to the farmers, community 

groups and schools who need it. We were able to interview six NGOs between April 10th-27th 

to learn more about what they were doing and how they were doing it. Below is a summary of 

NGO’s we interviewed: 

1. Americas for Conservation and the Arts (AFC+A) 

A nonprofit from Boulder, Colorado, who in the wake of the Hurricane established a double- 

campaign to support Mexico City after the earthquake and for Puerto Rico after hurricane 

María. Since then they have established offices on island in the neighborhood of Puerta de 

Tierra in the municipality of San Juan. The campaign in Puerto Rico, known as “Fondo de 

Resiliencia” (Resilience Fund) is financed by grants and individual donations focused mainly 

https://www.worldcentralkitchen.org/
https://www.facebook.com/PalomaDelCarmenFund/
https://isercaribe.org/
https://www.worldcentralkitchen.org/
https://www.facebook.com/PalomaDelCarmenFund/
https://www.worldcentralkitchen.org/
http://www.americasforconservation.org/prvolunteer
https://www.hispanicfederationunidos.org/amanece/
https://isercaribe.org/
https://www.hispanicfederationunidos.org/amanece/
https://isercaribe.org/
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on “La Guagua Solidaria” - a mobile tool for organizing solidarity brigades at different 

farms, with different groups of volunteers and necessary equipment and materials. Their 

objectives are to reach at least 200 agroecological projects in 2 years. Volunteers can fill out 

an application online to participate in the brigades. They plan to be here for the next two 

years maybe more. 

2. Casa Pueblo de Adjuntas 

They have had Café Madre Isla for many years, which they toast, grind and package at Casa 

Pueblo main building in Adjuntas. In the wake of the hurricane they have decided to grow 

their own coffee as well as continue to purchase coffee from local farmers. They have 

purchased more than 2,000 coffee seedlings from different farmers and understanding the 

low availability of mature coffee, they have also purchased additional clean (pilao) coffee that 

they have in storage. With support from a variety of local and external non-profits, they have 

given relief supplies to individuals and groups across the central mountain region. They have 

also established approximately 60 homes with solar energy, focusing on families with 

medical needs. In addition, they are in the process of establishing four rural supermarkets 

with solar power, to serve the neighboring communities with cold storage and therefore, 

helping people eat healthier- not only canned food- in a time of crisis such as the one Puerto 

Rico faced. 

3. Cafiesencia 

Since before the hurricane Cafiesencia had been working with schools and farmers of the 

Southcentral area through capacity building in marketing and educational activities. They 

have been working on increasing coffee production and quality using forestry techniques. 

After the hurricane they started to provide support in form of volunteer groups to farmers in 

the west side of Puerto Rico, focusing on coffee farms. They are in the process of establishing 

a nursery in Yauco for coffee production with support from the Agricultural Extension 

Services (AES). They expect to continue the work they are doing in the region. They were 

active before the hurricanes and will continue to be active. 

4. Centro para la Conservación del Paisaje (CCP) 

CCP is a non-profit that mainly works with communities, schools and farmers in the 

municipalities surrounding El Yunque National Forest. After the hurricane they submitted a 

grant to Sierra Club to directly support individual farmers who had not received any support 

and communities interested in farming and natural resource economic self-management 

practices. They have supported eight farmers in the northeastern region, one farmer in Yauco 

and one farmer in Aibonito. They also gave direct support to small ecotourism businesses in 

Naguabo and plan to support two others in Fajardo and Arecibo. They have also supported 

three small business that have a strong educational and environmental component by 

http://www.casapueblo.org/
http://www.cafipr.org/cafiesencia/
http://ccpaisaje.org/
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helping them write individual grants to Sierra Club and other entities to develop projects in 

their communities. 

5. Mercy Corps 

They are an organization that works to alleviate suffering, poverty and oppression by helping 

people build secure, productive and just communities. They came to Puerto Rico after the 

hurricane and have established an office in the San Juan area. They receive funds mainly 

through individual and corporate donations as well as foundations. They are working 

throughout the island, giving seeds and compost as well as educational materials. They 

collaborate with community groups and the College of Agriculture at Mayaguez. They 

currently don’t have an open application process yet directly go to groups and farmers to 

offer support. They plan to be here for the next two years, maybe more. 

6. Sierra Club Puerto Rico Chapter 

They have provided approximately $500,000 in funds destined to supporting groups in both 

relief and rebuilding efforts. They established a Maria Committee to review funds to be 

distributed because they only have two employees on the island. Most of the work they do is 

done with volunteers. They only give funds to registered non-profits in Puerto Rico who are 

directly connected to communities because they want to make sure they focus their efforts on 

community and partnership building that will have a lasting effect. They have agreements 

with groups such as Centro para la Conservación del Paisaje and Puerto Rico al Sur to 

support among other things the agricultural sector. They are currently receiving proposals 

from interested non-profits that enhance their mission. 

7. Waves4Water 
Is an international non-government organization that provides water sanitation in affected 

areas. They came after the hurricanes to Puerto Rico and focused initially on proving water 

filters across the island. They receive funds through individual donations as well as 

corporate. They are currently supporting farmers in need with volunteers and materials to 

build rainwater harvesting systems. They collaborate with AFC+A to reach as many 

ecological farmers as possible. They have impacted 20 projects across the island. They plan 

to be here for the next two years maybe more. 

C. Crowdfunding 

Crowdfunding campaigns were an immediate-response strategy for many. Those who had 

access to internet and electricity in the aftermath of María, or those who had relatives 

abroad, were most present amongst the crowdfunding platforms. Between April 10-27, a total 

of 29 active campaigns were found on 5 platforms: 15 entries in GoFundMe, 10 entries in 

YouCaring, two in GoGetFunding, one in Generosity by IndiGoGo, and one in doneeractie.nl. 

Keyword searches included “puerto rico,” “agriculture,” and “hurricane” as shown in Figure 

9. Few campaigns reached or surpassed their expectations. Most campaigns did not meet 

http://doneeractie.nl/
https://puertorico.sierraclub.org/sobre-nosotros
http://www.wavesforwater.org/project/hurricaneirmareliefinitiative
https://www.mercycorps.org/about-us
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50% of requested amounts (Figure 10). In summary: 

• GoFundMe and YouCaring most popular platforms 
• 1023 donors; $ 1,624,194 asked and $ 119,425 reached 

 

 
 

Figure 9. Word cloud of titles, locations, and target group of 29 crowdfunding campaigns. 

 

 

Figure 10. Effectiveness of crowdfunding campaigns for agriculture in Puerto Rico after 
hurricane María. 

 
V. Farmer Interviews     

Between April 10-27, 2018 a short questionnaire was developed to gather information 

from farmers about their current state of production, the support they have received after 

Hurricane Irma and Maria and the needs they have so they can produce as well or better than 

before the hurricanes. The questionnaire was available through Facebook reaching 2, 372 

people with 65 shares. A total of 59 interviews were done; with 33 done directly online, two 
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were done on the phone and 24 in person. Out of the 59 interviews, 10 were eliminated from 

the quantitative analysis because they were not considered farmers- defined as individuals, 

business or nonprofits who are selling their crops. Most of the farmers interviewed were 

individuals (71%) and a search was done in the Department of State to determine the type of 

legal structure of each non-individual because these legal structures will impact the type of 

support they can receive and manage.  

The farmers represented 33 municipalities, with half of the farmers having between 1- 

5 acres of land and 19% of them had more than 31 acres. Most of the farmers (78%) are 

owners of the land (including family farms) or officially rent the land where they are farming, 

while only 11% of the farmers are using land that is not rented or family owned. We are 

including family farms in the direct ownership because several farmers when asked if they 

owned the land they would say yes, and once you asked if they had paperwork they would 

clarify that it’s a family farm passed on generation to generation. Not having legal paperwork 

can present problems when trying to get support from local and federal agencies. 

As of 2012 there were 13,159 farms registered in the PRDA. This is the closest statistic 

for the number of bonafide farmers in Puerto Rico. For an individual to be eligible for the 

program as a farmer they need: 1) a minimum 4-year rental contract or the land title with 

their name, 2) evidence that they have filled out taxes for the past five years, 3) health 

license, 4) commercial register number and 5) taxes need to show that most of the income is 

agricultural. A majority (65%) of the farmers we interviewed were not part of the Certified 

Farmer Program (Bonafide) of the PRDA in Puerto Rico. This could be explained by land 

titles of family farms which many expressed they do not have updated and are still under 

their grandparents’ names. Also, our sample size is extremely low compared to the number of 

farms in the 2012 statistics. There are several Farmers Associations in Puerto Rico and they 

usually have members who are bonafide. For example, the Farmers Association of Maunabo 

has approximately 50 members, and the association supports its members in applying as well 

as renewing their bonafide certifications. Some farmers mentioned that they found the main 

reason to be a bonafide farmers is to have the local taxes exemption when purchasing. Only 

the infrastructure program from the PRDA supports at a minimal level non- bonafide 

farmers with equipment such as trimmers, chainsaws and backpack sprayer. A farmer 

interviewed who is not a bonafide farmer received a trimmer and backpack sprayer, but he 

explained how three of his neighbors did not get any support from PRDA. 

In terms of insurance, the stories farmers expressed included getting $112 for 3.5 

acres and another farmer depositing his $48 and the check bouncing therefore he got 

charged the $15 fee for the bounced check. Most farmers planted what they had and what 

they could get in the first months, so they could start harvesting as soon as possible. This 

created a problem with the insurance corporation because they were not able to visit the 
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farms before the farmers had started replanting and it seems that the pictures farmers took 

were not enough evidence of damage. Hence the amounts they received were far less than the 

value of the actual damages because it seemed as if the farmers did not lose any crops when 

most of the farmers (80%) we interviewed express that their farm was intensely impacted by 

the hurricane. The majority of farmers (90%) noted that more than 50 percent of their farm 

was severely impacted.  Another important aspect of insurance is that it will only cover one 

crop in a given space so that mixed crops are not supported by the current agricultural 

insurance system. Many of the farmers interviewed in person expressed their emotional 

devastation when they saw their crops ruined seven months ago. For many, it is still a life 

without electricity and some still do not have water. 

Farmers mentioned a total of 57 different crops plus 13 different fruit trees that they 

either had before the hurricane, 

currently have or hope to have 

in the next six months. The five 

most common crops farmers 

mentioned are: plantains, 

banana, “yautia”, sweet peppers 

and pumpkin (Table 1). One of 

the crops that increased its 

presence after the hurricane was 

pumpkins, going from 37% of 

farmers reporting it before the hurricane and 55% reporting it now.  Also “yautia” and sweet 

peppers are equally present before the hurricane and currently. These crops are found on the 

ground (pumpkin), underground (“yautia”) or short shrubs (sweet peppers) and therefore 

received less impact by the hurricane. In the municipality of Fajardo, a consistent occurrence 

mentioned by farmers was that the roots vegetable survived the hurricane but were later 

eaten by wild pigs because the farm fences broke, and they could get in. Farmers also 

mentioned oranges, avocado and bread fruit as the three main fruit trees that suffered 

drastically with the hurricane. One third of the farmers have animals in their land including 

cows, chickens, turkeys, bees, and goats. None of them have gotten any direct support to 

rebuild their animal production. A farmer in Adjuntas who has had bees for more than 30 

years said he went to get support to DA for the bees, but they were only helping new 

beehives, not already established ones. He expressed that he is using any possible area for his 

beehives because the boxes are expensive to make, and some parts need to be imported. 

Farmers were asked if they would do anything different to be more resilient to 

hurricane impact. Although some farmers said nothing could have been done because the 

category 5 hurricane that hit the island was too intense, there were some practices that were 

Table 1. Percent of farmers who had the five most 
common crops before the hurricane, currently when 
interviewed and what they expected to have if no severe 
climate happened, and seeds were available. 

Crop Before Current Expected 

plantain 67 59 61 

banana 49 53 45 

"yautia" 41 41 43 

sweet peppers 39 39 49 

pumpkin 37 55 47 
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mentioned by 70% of the farmers. Those who had infrastructure such as high tunnels talked 

about securing them better to the ground with cement, setting up the plastics with clips so 

they can be taken off and put inside their homes before the hurricane. Most of the farmers 

talked about saving more seeds, particularly of root crops, plantains and the local special 

crops they carry. Another common practice mentioned was erosion control, tree pruning, 

cutting plantain leaves, having more cover crops and creating windbreakers with evergreen 

plants. A handful of farmers mentioned the necessity to plant more root crops because they 

saw firsthand how the roots crops survived and they were a healthy source of food quickly 

after the hurricane, their new planting cycle would take into consideration the hurricane 

season. Some plan to harvest plantains by August/September and have seedlings of annual 

crops in that same time because they could be brought in if a hurricane was going to hit the 

island. Furthermore, in some cases farmers were planting in pots put directly on the ground 

so they could also potentially bring them into the house or store them in a place they felt was 

less vulnerable. Bees are essential for agriculture and were severely impacted by the 

hurricane because their food source was depleted. Beekeepers talked about creating stronger 

legs for the bee boxes, tying them down to the ground and having potted flower plants so 

they could gather pollen after the a climatic event. 

As with other sectors in Puerto Rico, the main supporter to farmers were NGOs and 

individuals (Table 2) while the main local agency supporter mentioned was the University of 

Puerto Rico-Agricultural Extension Seed Relief 

Program.  A diversity of support has been given 

to farmers (Table 1) including seeds, cash, food, 

volunteers and hand tools, however 12% of the 

farmers we interviewed did not receive any 

support at all.  Seven months after hurricane 

Maria farmers continue to need seeds, mainly of 

coffee, cacao, root crops and plantains. It makes 

sense when most of the seeds they have received 

come from outside of Puerto Rico. Half of the 

farmers received direct cash with half of those stating that they got between $500-$1200 

dollars and two farmers said they got $4,500 dollars. A common rhetoric from the in-person 

interviews was that the losses they face are huge and any type of support be it cash or 

materials was very useful, but their plan was to go forward as best they could with what they 

had. When asked about receiving volunteers in their farm, many mentioned that they would 

be open to receiving people with little to no experience if they were willing to clear debris and 

prepare planting areas, however they also knew that they currently did not have the ability to 

absorb the time-consuming action of coordinating the volunteers. The volunteers who were 

Table 2. The percent of farmers who 
received support from NGO, Individuals, 
local agency, crowdfunding platforms and 
federal agencies. Our sample size was 
N=42 because 6 farmers did not receive 
any support at all. 

Source of Support % of farmers 

NGO 77 

Individual 47 

Local Agency 40 

Crowdfunding 14 

Federal Agency 12 



22 
 

hosted after the hurricane were usually friends, family or an external group/NGO that gave 

them the service of coordinating the volunteers. Human resources are an essential part of 

rebuilding and maintaining a healthy agriculture sector.  When asked, 80% of the farmers 

said they had directly supported their neighbors, other groups, friends and family members. 

One of the most amazing things that happened after the hurricane was the neighbor to 

neighbor support that flourished across the island and can be seen to this day. 

 

VI. Social Network Visualization of Stakeholders in the Agricultural Sector 
 

Before the hurricane, the agricultural sector was complex and highly diverse. It could 

be grouped into conventional farming and ecological farming. Although you could find 

transition farmers, they are not very common or heard of. In the sector you also have 

community groups in rural and urban areas that support farming through education and 

special events. Furthermore, you have local NGOs such as Boricuá and Visit Rico that have 

missions directly related to supporting the agricultural sector and restaurants across the 

island that buy local. The following is an initial assessment of who encompasses the network 

and how they are connected. We do not pretend to analyze the interactions, just visualize. 

However, to our knowledge this initial visualization has never been done before for the 

agricultural sector. It is important to keep in mind that the amount of connections 

established depends on the amount of information we were able to get online or through 

interviews. NGOs and groups that we interviewed have more information than what we could 

find online through public sites. 

To visualize the network, we used the software KUMU (https://kumu.io). The 

elements and connections were populated from interviews, publicly-available information, 

and expert knowledge. A total of 75 NGOs, 67 farmers, 17 Agencies and 13 businesses 

populate the network. In the aftermath of María, NGOs mobilized a huge amount of support 

to farming sectors while agencies and businesses were seldom present (Figure 11). Also, we 

can see that there are several farmers in the far right that are not connected to any group 

because they have not received any or little support. These farmers have little or no access to 

information on grants, funds or support from which they could benefit. Seven clusters were 

characterized from our database and depicted in Figure 12. Groups such as Casa de la Selva, a 

non-profit established more than 30 years ago works in sustainable timber production lost 

most trees. Therefore, post Maria they have focused on harvesting timber that other use 

would be sent to the landfills. Brigada PDT is a non-profit community group lead by a local 

artist in the neighborhood of Puerta de Tierra in the municipality of San Juan that have an 

agriculture component in their educational activities. They have many local and international 

supporters that have collaborated with them in re-establishing their greenhouse and planting 

https://kumu.io/
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areas. Cooperative Orgánica Madre Tierra is the oldest organic cooperative on the island, 

they organize the farmers’ market in Hato Rey in the Municipality of San Juan. The clusters 

presented in Figure 12 appear to be NGOs that are connecting with other groups more than 

the rest. However, this could also be because these groups expressed more during the in-

person interviews or online questionnaires.  

 
 

 

 
 
 

Figure 11. Social network visualization of support to agriculture in Puerto Rico in the 
aftermath of hurricane María, by group types: NGO, Farmers, Agency, Business. 
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Figure 12. Social network visualization of support to agriculture in Puerto Rico in the 
aftermath of hurricane María, by group clusters: 1 AFCA+A and Crowdfunding (tie), 2- 
Centro para la Conservación del Paisaje, 3-Brigada PDT, 4-Seed Relief Puerto Rico (AES), 
5-Las Casas de la Selva, 6-Cooperativa Orgánica Madre Tierra, 7-USDA NRCS. 

 
 

VII. Strategic Hotspots to Support 

There are a number of ways to support the agricultural sector in Puerto Rico and there 

are currently NGOs active on the island giving support through direct cash, materials, 

volunteers and seeds. In this section we present four strategic hotspots topics that have 

emerged from the public data we analyzed, and the interviews done with NGOs and farmers. 

We are sure there are many more examples other than the specific ones we present here and 

we recommend finding and directly supporting such farmers and groups. 

A. Epicenters of local support to farmers with minimal access to information 

We strongly believe that an aid gap in the agricultural sector is towards farmers who have 

little to no access to information. Although the farmers we interviewed were receiving some 
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support, 12% have not received any support at all and 10% only received seeds. They 

expressed that what they received came directly from a friend or a reference of a non-profit 

who could potentially help them. Most of the farmers that received support from more than 

one entity are connected in some way or another to larger nonprofits, diaspora or 

agroecological farmers markets. Most of them know English and had fostered relationships 

with external sources even before the hurricane. Taken from in person interviews and our 

own experience we present five specific examples of farmers/NGO that function as epicenters 

of support to the surrounding community that have minimal access to information. 

 

1. Cafiescencia- is a local 501c3 nonprofit that works in the west side of Puerto Rico 

with coffee production at a community level. They have multiple collaborators 

across the region from agencies, NGOs, community groups and schools. They 

work directly with approximately 12 farms mainly women owned. They have 

devised a list of needs for getting coffee production back on track in the south 

central area. Some of these necessities are as follows: 1) coffee and cacao seeds for 

the renovation of plantations, 2) trainings and workshops in nursery 

management, 3) support improving access in the farm, 4) practices in water 

drainage management and alternative water reserve management, 5) debris 

cleanup and other trash produced after the storm, 6) land tenure problems 

farmers face, 7) workshops and capacity tools to consider 

agrotourism/ecotourism alternatives in the farms., 8) marketing strategy to 

promote farm products and 9) alternative programs supporting farmers with the 

insurance processes.       

 
2. Centro para la Conservación del Paisaje Inc. (CCP)-is a non-profit established in 

2009 to help support the participation of interested communities and landowners 

in regional management practices. They have been working in the municipalities 

surrounding El Yunque National Forest since 2010. After the hurricane they 

wrote a grant to Sierra Club to help support directly smallholder farmers that 

were part of their network in the area. They have directly supported eight farmers 

in the region who only received the support they gave them. All eight farmers do 

not know English and have minimal to no access to social media. They continue to 

support them with by connecting them to possible funds, volunteers, equipment 

lending and specialized support such as agroecological techniques to reduce 

external inputs and silvopastoral practices that can increase food for cattle. 

 
3. Finca Tazumal- farm in the municipality of Adjuntas owned by Nelson Monge 
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who has been supporting approximately 5 farms since before the hurricane by 

purchasing their products and selling them in farmers markets, restaurants, 

individuals and any other venue he participated in. His neighbors expressed the 

immense gratefulness they felt for Mr. Monge because if it wasn’t for him they 

would not have access to the diverse markets he brings. He is also supporting his 

neighbors by helping them to transition from a conventional agricultural system 

to an agroecological system. Before the hurricane he sold to approximately 30 

restaurants and bought crops from five different farms in his neighborhood. His 

plan is to find a location in Ponce that can function as a hub for farmers of the 

surrounding area. He does not have any contacts for supporting this endeavor, 

but he strongly believes of the importance and little by little he believes he will 

make it happen. 

 
4. Armonía en la Montaña- is a collective based in the municipalities of Aibonito and 

Arroyo. In response to the impact of the hurricane the group started to do weekly 

farm support to six different farms in the Aibonito area. They call it the Aibonito 

Farming Circuit and each week at least one representative from each farm come 

together at one location and work together to support the farms needs of the day. 

This has been happening for six months and their plans for the future includes 

this continue support to local small farms of the area. Furthermore, some farms 

that participate in the circuit mentioned that the external support they have 

received has been thanks to the connections Armonía brings to the group. 

Armonía has a new space in Aibonito that will include a store and walk-in cooler 

and will serve as a hub for farmers of the area to sell their crops. To date, they 

work with six different farms, but they hope for that number to grow as time goes 

by because it will be the first hub in the area. 

 
5. Proyecto Agroecológico Campesino (PAC) is a collective in the municipality of 

Lares. Even before the hurricane they had been collaborating with families in 

surrounding municipalities by sharing brigade work days. Furthermore, they 

connect directly with their neighbors that have been farming for decades and have 

received no support since the hurricane. Most of their neighbors have no social 

media accounts and do not know English. PAC is impacting their neighbors by 

directly visiting and working side by side with them as well as bringing them 

external support of agroforestry experts to help them become more resilient to 

catastrophic climate events. They will continue to support their neighbors little by 

little with the minimal resources they have because they strongly believe that 

helping your immediate area creates sustainability for a larger area and for each 



27 
 

farmer by creating a network of resources and support. 

 
6. A la Cosecha- A small business that works in the eastern area of Puerto Rico, 

mainly the southeast area. Before the hurricane they had high tunnels and beds 

planted in Yabucoa, where they produced among other things recao, cilantro and 

eggplants as well as three added value products (sofrito, hot sauces and mojito). 

They also had a strong educational component and organized the only farmers 

market in the southeast area of Puerto Rico. In 2017 the farmers’ market started 

to be done in collaboration with ARECMA- a community-based non-profit in the 

town of Mariana, Humacao. They had planned four markets in 2017 but because 

of hurricane Irma and Maria they were not able to do the last market. The market 

receives about 1,500 participants. Furthermore, they directly collaborate with 10 

farmers from several Municipalities and two farmer associations. They currently 

have no electricity in the Yabucoa space, therefore production of added value 

products is low. The first post hurricane market was held in March with a similar 

attendance as before. They need volunteers to assist in the logistics of the market. 

They are currently members of the Association of Farmers from Maunabo 

(Asociación de Maunabeños) and support administrative and communication 

aspects of the association. They are supporting the Association in the 

establishment of a farming hub where they can receive, weigh, pack and sell 

products. As all other farmers mentioned, they are doing it at their pace with the 

minimal resources they have. Ideally, they would need a solar powered walk-in 

cooler but for now they say they will start with an area to dispatch daily crops. 

B. Geographical areas 

Areas with high disturbance intensity after hurricane María were analyzed in relation 

to watershed, natural protected areas and a density portrait of the municipalities with 

available public agricultural data in section II of this report. The geographic areas identified 

would need more consistent support to maintain and develop resilient actions. Although 

some specific regions could be defined as areas with higher impacts, the whole island 

received the effects of hurricane María at different scales. The north east, south east and 

central western areas of the island show a higher intensity impact. These areas concur with 

the identified watersheds, NPAs and municipalities that probably present higher impact in 

relation to crops and agricultural products (Figure 13). These geographic areas are 

important for the sustainable development of Puerto Rico in both the agricultural and 

natural resources sectors. The municipalities in these areas already harbor local farmers 

and groups that are working to enhance a healthy and resilient ecosystem. Their specific 

needs are tied to their space, access and resources. To impact a broad spectrum of 
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conventional and ecological farmers we recommend contacting the farmer associations and 

agroecological farmers of these geographic areas. 

It is important to consider that the analysis presents different scales (island wide & 

watersheds) and specific fields (NPAs & crops and agricultural products) but it is critical to 

recognize the limitations of the analysis considering the identification of these geographical 

areas. First, the analysis was limited in the available data to include the municipal islands of 

Vieques and Culebra. Second, the disturbance intensity analysis does not necessarily 

represent a complete loss of vegetation and the intensity presented through the changes in 

the non-photosynthetic vegetation. The exposed impact can be linked with defoliation and 

not necessarily the complete damage or loss of trees. Third, limitations in the available data 

for a detail analysis of crops and agricultural products required the use of secondary data to 

identify regions and crops associated with the disturbance intensity analysis. 

Figure 13. Three main geographic areas (blue circles) that have both high intensity 
impact from the hurricane, high production and large amount of family farms. 

 
C. Timber 

The effects of the hurricanes in Puerto Rico produce new opportunities that require a 

response plan to use and benefit from these opportunities. The use and gain from the 

process of timber produced from the falling trees after the hurricane is an opportunity that 

is frequently discussed after the impact of storms in Puerto Rico. The absence of a response 

plan and a defined chain of action and responsibilities to achieve a significant use of the 

fallen trees is the main constraint to benefit from this resource. The discussion for this issue 

is leaded by the Caribbean Climate Hub at the International Institute of Tropical Forestry. 

Two meetings have been conducted (November 2017 and April 2018) and some of the felled 
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trees have been separated and stored for future use. The Hub hosts a blog as a discussion 

forum of the theme https://caribbeanclimatehub.org/madera-wood-salvage/). The use and 

management of the wood resources produced after hurricanes remains under discussion 

and federal and state agencies are discussing the best alternatives to use and store logs. 

● The use of the wood represents an opportunity that must be analyzed with more 
details and that requires a comprehensive response plan that should include: 

● Educational campaign of pruning and managing trees in the urban environment 
plus the opportunity to use the fallen trees. 

● Specific management and administration structure that define the agencies and 
offices that will respond and direct the management and use of the wood 
resources. 

● Market analysis to identify actors, opportunities and review of responses in the 
occurrence of a hurricane. 

● The identification of funds to run a wood utilization program that can be 
continuously operating and that respond with a detailed plan after a disturbance. 

 
D. Fruit trees and agroforestry arrangements 

Fruit trees as well as coffee and cacao take more time to develop into fruit bearing 

individuals and were impacted severely by the hurricanes. Coffee and cacao trees can take 

three-four years until they start producing fruit while other fruit trees from seeds can take 

from 6-8 years to produce fruit depending on the species. Farmers are starting to use more 

grafting techniques for fruit trees, so they can produce fruits in 2-3 years from planting. One 

of the main local business that offers grafted trees of a wide variety is “Jardines Eneida” in 

the Municipality of Cabo Rojo. You can also find grafted trees in the farmers’ markets across 

the island. However, it seems there are not enough to propel the market in its entirety. As for 

coffee and cacao, farmers are in dire need of seedling, yet there seems to be a shortage across 

the island. One farmer with whom we spoke said that an option is to go into the forest where 

there are abandoned coffee farms and start transplanting seedlings found on the forest floor. 

This is an intense job and to our understanding would require economic input to pay farmers 

like him to go out to the forest and find them. It will be important to support seedling 

development of coffee and cacao as well as other fruit trees. 

 
VIII. Concluding Remarks 

This document is the result of a rapid assessment conducted to start understanding the 

impact of hurricanes Irma and Maria on the agricultural and natural resources sectors. We 

have presented recommendations of possible strategic hotspots to consider for projects and 

assistance programs in the future. Nevertheless, a more in-depth analysis is needed to fully 

understand the impact at regional levels and the social network that defines and drives the 

agricultural sector in Puerto Rico. We expect with this rapid assessment to direct and 

encourage other possible data driven research that can help bridge the gap between agencies, 

NGOs and farmers. 

https://caribbeanclimatehub.org/madera-wood-salvage/
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APPENDIX I 

Watersheds and coastal drainage areas in Puerto Rico (Vieques and Culebra not included), 
as identified in Figure 3 

 

Watershed ID Watershed2 ID3 Watersheds ID2 

Cuenca Quebrada 
Aguas Verdes 

1 Area Playa de Ponce 46 Cuenca Río 
Demajagua 

91 

Area Costanera 
Aguadilla 

2 Area Costanera Pollos 47 Cuenca Río Espíritu 
Santo 

92 

Area Costanera 
Quebrada Amorós 

3 Area Costanera Puerto 
Real a Quebrada 
Zumbón 

48 Cuenca Río Fajardo 93 

Area Costanera Bo. Río 
Abajo 

4 Area Costanera Punta 
Verraco 

49 Cuenca Río Grande 
de Arecibo 

94 

Area Costanera Bosque 
Estatal de Boquerón 

5 Cuenca Quebrada 
Boquerón 

50 Cuenca Río Grande 
de Añasco 

95 

Area Costanera Bosque 
Estatal de Guánica 

6 Area Costanera 
Hacienda Felicia 

51 Cuenca Río 
Guanajibo 

96 

Area Caño Boquillas 7 Area Costanera Punta 
Quebrada Honda a 
Quebrada Emajagua 

52 Cuenca Río Grande 
de Loíza 

97 

Area Estuario de la 
Bahía de San Juan 

8 Area Playa Sardinera 53 Cuenca Río Grande 
de Manatí 

98 

Area Costanera Punta 
Borinquen 

9 Area Costanera Vayas 54 Cuenca Río 
Guamaní 

99 

Cuenca Quebrada 
Grande de Calvache 

10 Area Costanera Bo. Río 
Cañas Abajo 

55 Cuenca Río 
Guayanés 

100 

Area Costanera 
Quebrada Ceiba 

11 Area Costanera 
Cintrona 

56 Cuenca Río Grande 
de Patillas 

101 

Area Costanera 
Quebradillas-Camuy 

12 Area Costanera Punta 
Mata Redonda 

57 Cuenca Río 
Guajataca 

102 

Cuenca Quebrada 
Grande 

13 Cuenca Río Grande 58 Cuenca Río 
Guayabo 

103 

Area Ciénaga Prieta 14 Area Costanera 
Capitanejo 

59 Cuenca Río 
Guayanilla 

104 

Area Costanera 
Guaniquilla 

15 Area Costanera Las 
Ochenta 

60 Cuenca Río Herrera 105 

Area Costanera Norte 
de Culebra 

16 Area Costanera 
Parcelas Peñuelas 

61 Cuenca Río 
Humacao 

106 

Area Costanera Sur de 
Culebra 

17 Area Costanera Aguirre 62 Cuenca Río Inabón 107 

Area Ensenada Honda 18 Cuenca Río Pitahaya 63 Cuenca Río 
Jacaguas 

108 

Area Costanera 
Quebrada Las Lajas 

19 Area Costanera Punta 
Cucharas 

64 Cuenca Río Jacaboa 109 

Area Costanera 
Quebrada Fajardo 

20 Area Costanera Indios 65 Cuenca Río Juan 
Martín 

110 

Area Costanera 
Quebrada Florida 

21 Area Costanera 
Quebrada Salada 

66 Cuenca Río Jueyes 111 

Area Costanera 
Hatillo-Arecibo 

22 Area Valle de Lajas 67 Cuenca Río Loco 112 
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Cuenca Río Antón Ruiz 23 Area Costanera Sur del 
Valle de Lajas 

68 Cuenca Río de La 
Plata 

113 

Area Costanera Punta 
Iglesia 

24 Area Costanera Area 
Norte-Central de 
Vieques 

69 Cuenca Río Macaná 114 

Cuenca Quebrada de 
las Mulas 

25 Area Costanera 
Noreste de Vieques 

70 Cuenca Río Matilde 115 

Area Costanera 
Quebrada Irizarry 

26 Area Costanera 
Noroeste de Vieques 

71 Cuenca Río 
Mameyes 

116 

Area Costanera Isabela 27 Area Costanera Sur- 
Central de Vieques 

72 Cuenca Río 
Maunabo 

117 

Area Costanera Joyuda 
a Quebrada Las Piñas 

28 Area Costanera Sureste 
de Vieques 

73 Cuenca Río Nigua 
en Salinas 

118 

Area Ciénaga de Las 
Cucharillas 

29 Area Costanera 
Suroeste de Vieques 

74 Cuenca Río Nigua 
en Arroyo 

119 

Area Costanera 
Quebrada Laya a Caño 
García 

30 Area Costanera 
Quebrada de Yaurel 

75 Cuenca Río Piedras 120 

Area Laguna Joyuda 31 Cuenca Río Hondo en 
Añasco 

76 Cuenca Río 
Portugués 

121 

Area Laguna 
Tortuguero 

32 Cuenca Quebrada 
Branderi 

77 Cuenca Río Sabana 122 

Area Costanera 
Quebrada Melanía 

33 Cuenca Quebrada 
Corazón 

78 Cuenca Río Seco 123 

Area Costanera 
Quebrada Juan 
González 

34 Cuenca Quebrada Los 
Cedros 

79 Cuenca Río Santiago 124 

Area Costanera Morro 
de Humacao 

35 Cuenca Río Blanco 80 Cuenca Río Tallaboa 125 

Area Costanera 
Quebrada Mata de 
Plátano 

36 Cuencas Río de 
Bayamón a Río Hondo 

81 Cuenca Río Yagüez 126 

Cuenca Quebrada del 
Oro 

37 Cuenca Río Bucaná 82 Cuenca Río Yauco 127 

Area Costanera 
Quebrada Palenque 

38 Cuenca Río Cañas 83 Cuenca Caño de 
Santiago 

128 

Area Costanera Punta 
Candelero a Punta 
Icacos 

39 Cuenca Río Cayures 84 Drenaje No 
Definido Isla de 
Mona 

129 

Area Costanera Punta 
Guayanilla 

40 Cuenca Río Chico 85 Drenaje No 
Definido San Juan 
Antiguo 

130 

Area Playa de 
Guayanés 

41 Cuenca Río Cibuco 86 Area Caño 
Tiburones 

131 

Area Playa de 
Guayanilla 

42 Cuenca Río Coamo 87 Cuenca Río Daguao 132 

Area Costanera 
Quebrada Piletas a 
Quebrada Los Ramos 

43 Cuenca Río Camuy 88 Area Costanera 
Quebrada Palma 

133 

Area Playita Machete 44 Cuenca Río Candelero 89 Cuenca Río 
Culebrinas 

134 

Area Puerto Medio 
Mundo 

45 Cuenca Río 
Descalabrado 

90   
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APPENDIX II 

 

Protected Natural Areas of Puerto Rico 
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APPENDIX III 

Key researchers and contacts to follow the forest coverage impact studies 
 

 
Ariel Lugo 
Director 
International Institute of Tropical 
Forestry USDA Forest Service Jardín 
Botánico Sur 1201 
Calle Ceiba San Juan PR 00916-1119 787-
766-5335 
aelugo1234@gmail.com 

 
Douglas C Morton 
Research Ast, Earth Science Remote 
Sensing 301.614.6688 
Org Code: 618 
NASA/GSFC 
Mail Code: 618 
Greenbelt, MD 20771 
douglas.morton@nasa.gov 

 
Dra. Gladys Nazario 
Universidad de Puerto Rico – Río Piedras 
Ethnobotanist Professor 
 
Grizelle González Research 
Project Leader 
International Institute of Tropical 
Forestry USDA Forest Service Jardín 
Botánico Sur 1201 
Calle Ceiba San Juan PR 00916-1119 787-
766-5335 

 
Dr. Guillermo Ortíz Colón 
UPR - Recinto Universitario de Mayagüez 
Departamento de Ciencias Animal Catedrático 
Asociado / Especialista en ganadería tropical 

 
Dr. Joaquín Chong 
Investigador Estación Experimental 
Agrícola-Especialista en composta 

 
Humfredo Marcano-Vega 
Research Biologist Forest Inventory and 
Analysis Southern Research Station USDA 
Forest Service 
Jardín Botánico Sur, 1201 Calle Ceiba 
San Juan, PR 00926 Phone: 787-764-7265 
hmarcano@fs.fed.us 

 
 

Ivette Perfecto & John 
Vandermeer University of 
Michigan 
School of Ecology, Natural 
Resources and Environment. 
perfecto@umich.edu 

 
Jeffrey Chambers 
Associate Professor in the 
Geography Department 
University of California, 
Berkeley Faculty Scientist in 
the Earth Sciences Division at 
LBNL 
Director of DOE’s Next 
Generation Ecosystem 
Experiment (NGEE) Tropics 519 
McCone Hall 
510-642-3903 
jqchambers@berkeley.edu 

 
Jess Zimmerman 
Luquillo Long Term Ecological 
Research Dept of Env. Science 
(DES) 
University of Puerto Rico at Rio 
Piedras PO Box 70377 
787-764-0000 (ext. 2867) 
jesskz@ites.upr.edu 

 
María Uriarte E3B Professor 
Tropical Forest Ecology 
Mu2126@columbia.edu 212-854-
1494 

 
Dra. Mariangie 
Ramos UPR 
Utuado 
Departamento de Tecnología 
Agrícola Profesora de 
agricultura sustentable 

 
Yanlei Feng PhD Student 
Department of Geography 
University of California, 
Berkeley Fremont, CA 
United States 94538 1(607) 
379-7875 
yanleifeng@lbl.gov 

mailto:aelugo1234@gmail.com
mailto:jqchambers@berkeley.edu
mailto:perfecto@umich.edu
mailto:Mu2126@columbia.edu
mailto:hmarcano@fs.fed.us
mailto:yanleifeng@lbl.gov
mailto:douglas.morton@nasa.gov
mailto:jesskz@ites.upr.edu
https://science.gsfc.nasa.gov/sed/index.cfm?navOrgCode=618&amp;&amp;navTab=nav_about_us
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APPENDIX IV 

Main products and crops identified per region and municipality. Taken from 2012 Puerto 
Rico Agricultural Census 

 
Island 

Section 
Municipalities Main identified products and crops 

 
 
 
 

 
Western 
Central 

Añasco beef cattle, poultry products, avocados 
Las Marías coffee, plantains, bananas, oranges 

San Sebastian coffee, plantains, beef and dairy cattle, oranges 
Maricao coffee, plantains, bananas, oranges 

Lares coffee, plantains, bananas, beef and dairy cattle, 
poultry products, oranges 

Adjuntas coffee, plantains, bananas, honey, beef and dairy 
cattle, poultry products, dasheen, oranges, papayas 

Utuado coffee, plantains, bananas, beef and dairy cattle, 
poultry products, dasheen, oranges 

Ciales coffee, plantains, bananas, beef cattle, chickens, 
dasheen, cassava, avocados, mangoes 

Jayuya Coffee, plantains, bananas, poultry products, 
oranges 

 
 
 

Central 

Orocovis, Coffee, bananas, beef cattle, dasheen, cassava, 
oranges, avocados, mangoes 

Corozal Plantains, bananas, beef and dairy cattle, poultry 
products, avocados, papaya 

Barranquitas Coffee, plantains, bananas, beef cattle, poultry 
products, chicken eggs, dasheen, avocado, papaya 

Coamo Coffee, plantains, beef cattle, poultry products, 
cassava 

Aibonito Plantains, beef cattle, poultry products, 
 

South 
East 

Patillas Plantains, bananas, avocados 
San Lorenzo Plantains, bananas, beef cattle, dasheen, cassava 

Maunabo Plantains, cassava 
Yabucoa Plantains, beef and dairy cattle, dasheen, cassava, 

papaya 
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APPENDIX V 
 

List of 54 NGO’s, Institutions and Business that have in some way or another supported the 
agricultural sector. List has been compiled with data collected through farmer interview, 
NGO’s interviews and online public postings found during rapid assessment period. 

 

 
1. Act2Now 
2. AFC+A 
3. AgitArte 
4. Amigos de Puerto 

Rico Eco-Farmers 
5. Appalachian State 

University 
6. Biodynamic 

Association 
7. Bosque Modelo 
8. Brigada Solidaria del 

Oeste 
9. BUG 
10. Cafiescencia 
11. Casa Pueblo 
12. Centro para la 

Conservación del 
Paisaje 

13. City Winery 
14. Colón Genera 
15. Corporación de 

Seguros Agricola 
16. Diaspora Seattle 
17. EarthShip Biotecture 
18. Estuario de la Bahía 

de San Juan 

19. Feria NADA - new 
art dealers 
association 

20. Global Works 
21. Grassroots 
22. Greenheart Travel 
23. Grupo Guayacan 
24. Hefter Institute 
25. Hispanic Federation 
26. Iglesia Catolica 
27. Institute of 

Ecotechnics 
28. ISER Caribe 
29. Mercy Corps 
30. Michigan State 

University 
31. MicroJuris 
32. NRCS 
33. Organización 

Boricuá de 
Agricultura 
Ecológica 

34. Paloma del Carmen 
Hurricane Relief 
Fund 
 

38. Plenitud 
39. PLN 
40. PR Agenda 
41. PR Hispanic 
42. Chamber of Florida  
43. Raíces cultural 
44. RBC 
45. Ridge to Reef 
46. San Francisco Days 

School 
47. Seed Relief PR-Ext 

Agr 
48. Seed Savor 
49. Sierra Club 
50. The Massachusetts 

United for Puerto 
Rico Fund 

51. Uprose + CJA 
52. Visit Rico 
53. Waves for Water 
54. World Central 

Kitchen 
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APPENDIX VI 
 

USDA organizational scheme. Source: www.usda.gov 
 
 

 
 

http://www.usda.gov/
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NRCS organizational scheme 
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Conceptual Model Natural Resources by FEMA 

 

 
Agencies mentioned: 

DRNA – Department of Natural and Environmental 

Resources 

NOAA – National Oceanic and Atmospheric Administration 

USFS – United Stated Forest Service 

UPR – University of Puerto Rico 

NRCS – Natural Resources Conservation Service 

USGS – United State Geological Survey 

NASA – National Aeronautics and Space Administration 

PRASA -PR Aqueduct and Sewer Authority 


