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Climate Change, Migration, and 

Disease

Clay pot

Clay pots are widely used across Africa and the middle east to keep
stored water cool. The clay is a porous material, which allows
evaporative cooling of water to take place (Mittal, 2006). The degrees
of cooling is dependent on the surrounding temperature and relative
humidity. In drier environments the cooling increases. If the clay pots
do not cool the water enough when standing in the shade, storing the
clay pot in the subsurface will improve in reducing the water
temperature.

The development of the Ae. Aegypti mosquito eggs slows down with
lower temperatures. Below 20°C the mosquito eggs will not develop at
all. If the water is cool enough, no extra cover with a mosquito net is
required. This is a advantage, it is more convenient for the users.
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Methodology

Conclusion and Limitations 

Based on analysis of existing literature it was determined that the most feasible interventions to contribute to mitigating the risk from Zika 
virus were cost effective solutions at the household level. The solutions presented consider the culture of the island and the materials that 
are available to the islanders locally. However, these solutions do not considers the subjectivity of the available information and the 
pluralism of the complex situation on the island. These limitation necessitate the involvement of the community through the community 
action group. In this way an array of vantage points will be provided to view the circumstances on the island and develop solutions that are 
suitable for the local population. 

Additionally, it is widely accepted that the Zika virus outbreak is over; however, the conditions that contributed to the outbreak still exist on 
the island. Mitigation measures used during the outbreak focused on the short term, eliminating the mosquito and preventing mosquito 
bites. However, the complex social conditions that made the mosquito breeding sites possible, and increased the vulnerability of some 
social groups, were not addressed. Through the implementation of the community action group the solutions presented seek to provide 
more sustainable and long term mitigation measures. 
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Evaluation of Solutions
Prevention of mosquito breeding
Diversification of water supply sources may reduce the 
need for water storing practices in the process of 
improving water security. Water supply source 
diversification options include water desalinization. A 
reverse osmosis plant has served the northern part of 
the island since 2005 with an installed capacity of 5*106

l/day (i.e. less than 25% of total demand) [1]. Other 
options include groundwater development (potentially 
combined with managed aquifer recharge) and 
importing bottled water. Such solutions tend to require 
large-scale operations that are capital- and labor 
intensive. Further, these do not necessarily alter 
practices related to household-level storage that are 
conducive to mosquito-breeding.
Water storage solutions involve improving existing

Phase I entails an inventory of technical solutions to target Zika on San Andres in 
the context of water scarcity and the tropical climate. 15 solutions were selected 
based on a quick scan of the relevant literature. 

Phase II entails categorizing the solutions and clustering these categories according 
to the Zika transmission cycle to distinguish between solutions that address (a) 
mosquito breeding, (b)  the physical transmission of the virus and (c) risk reduction 
related to large-scale outbreaks respectively. 

Phase III evaluates each category of solutions in terms of four selection criteria: (a) 
technical feasibility, (b) affordability, (c) safety, and (d)  innovativeness. Technical 
feasibility relates to the technical capacity on the island as well as its physical 
context; affordability is a measure of the economic costs of the solutions within 
this category in relation to their effectiveness; safety denotes the risks that 
solutions within this category entail for the economic and environmental 
sustainability or human health; and innovativeness is dependent on whether 
similar solutions have been tried before. All categories that get a negative 
evaluation for any of these criteria are disregarded in this phase. 

Phase IV considers how community support can be realized for the remaining 
categories, taking local preferences into account. The result will be the start of a 
community action plan to target Zika on San Andres. 
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• Only a thin film (4 mm) of clean, warm, standing water is required for a 
mosquito to breed1

• One female can lay  ~100 eggs per batch 1

• Within 7 days an egg can develop into a mosquito 1

• The development of the larvae is dependent on temperature. If the 
temperature is low, the larvae state can be months1

• Adult mosquito lives for 2-3 weeks 1

• Once the eggs are laid they can survive long periods in a dry state, once 
they are submerged in water they develop immediately 

• Aedes Agypti breed in containers, adapted to urban environments2

• Bite multiple hosts often during the day2

• Typically have a short flight range so they stay close to their breeding 
sites2

1: Zika Virus Net (2017) Life cycle of Aedes Agyepti. Retrieved from http://www.zikavirusnet.com/life-cycle-of-aedes-aegypti.html
2: City of Pasadina (July 3, 2017) Mosquitoes invasive Aedes. Retrieved from https://ww5.cityofpasadena.net/city-
manager/2017/07/03/new-invasive-mosquito-species-found-in-pasadena/

Zika virus has also been linked with neurological 
conditions such as microcephaly in newborns and 
Guillain Barre Syndrome which can cause paralysis. 

Shed

The Shed is a more complicated solution. Targeting the many
stored building materials and other recyclable items that are
collected on the properties of the Islanders. The rainwater from
the roof is collected in a water tank which is carefully closed
from mosquitos by placing mosquito nets over it. To improve
the infiltration into the ground, a gravel pit is made. This
solutions targets three of the contributing factors to ongoing
spread of disease.

Advantages

Eliminates mosquito breeding places

Save way for rainwater harvesting

The gravel pit increases the infiltration capacity: 
less puddles and therefore less breeding sites

Advantages

Convenient,  no need to cover the pots when 
water the temperature is below 20 °C.

Can easily be covered with a mosquito net when 
the water is above 20 °C

Cheap, clay is available

Windmill The Windmill is a innovative way of eliminating mosquito breeding
sites. Not all stored water can be removed, covered or even cooled, an
example of this are animal waterers. The wind rotates the blades. This
rotation is transferred to the part in the water, which will create
movement close to and at the surface.

The exact materials that are used differ. The Windmills are made from
trash on the island. For example plastic bottles for the blades and an
old bicyletire under water. When smaller objects are used, the
windmill can also be placed within buckets.

Advantages

Cheap, can be made by the people self

Made from trash and local materials

Perfect for large and small water bodies that can 
not be covered or easily cooled
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practices related to rainwater capture and the storage of water near the household to reduce the risk of vector-borne disease. 
These solutions generally involve simple interventions that target high-temperature, stagnant water -- conditions that create 
attractive breeding grounds for mosquitos. Examples include storage containers fitted with screens, high-albedo surfaces, and drip 
systems for animals to drink. Simple hydro- and gravity based aeration systems can serve to increase flow in open storage containers 
and, potentially, surface water. The construction of such solutions tends to allow using locally available materials and these require 
limited (cultural) system change, despite being innovative. 

Prevention of transmission between mosquitoes and humans
In public health research and practice, many resources have been invested in the prevention of transmission of viruses like Zika
between mosquitoes and humans and vice versa. Solutions include physical barriers such as bed nets - which are already common 
practice on San Andres - and fitting windows and doors with screens. Chemical barriers such as mosquito repellents can be effective 
in preventing transmission, but pose potential risks to the health of humans and ecosystems.

Reduction of outbreak risks
Measures to curb migration or fertility could reduce risks of large-scale outbreaks. In the aftermath of the Zika outbreak in San 
Andres in 2016, prospective mothers were advised to not get pregnant. However, such measures may have serious implications in
terms of social justice and these may pose risks to economic sustainability as well. Given that Zika can be diagnosed by blood 
values, extensive and continuous early diagnostics efforts would allow for more targeted interventions. Predictive algorithms can be 
deployed to the same effect, but the case of San Andres is likely lacking the necessary capacity and scale for this to be effective.

Selection Process of
Final Solutions

San Andres is a Colombian island located approximately 750 km north of mainland Colombia and 230 
km east of Nicaragua. The island has an area of 27 square kilometers and is the largest island in the 
Caribbean San Andres Archipelago (Rojas et al., 2016, p. 2). 

Migration
According to the 2005 national census San Andres had 59,573 inhabitants with 42,641 living in urban 
centers and 16,932 living in their periphery (DANE, 2005). The population has continued to grow since 
2005, giving San Andres one of the highest population densities in the world. Displacement of 
Colombians from the mainland due to natural disasters and conflict have further contributed to 
population growth. This level of growth is unsustainable for the island and their limited natural 
resources (Ross, 2007, p. 5). 

The rapid population growth is also paired with the rapid expansion of the tourism industry which puts 
additional pressure on the water supply of the island. The demand for potable water for drinking and 
recreation purposes is increasing annually and has led to major concern. According to the Department 
of Tourism for San Andres, the island saw more than 700,000 tourists in 2014. This was a 51.9% 
increase over 2013 (Torrejano, 2015, p. 3).  

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

Population on San Andrés

Population North Shore Population peri-urban area

Solutions to the growing demand for water are restricted as sources of fresh water 
on the island is limited. The only surface bodies of water are five small lagoons 
which are not capable of suppling enough fresh water for the population. Because 
of this the main source of drinking water has been groundwater. Approximately 
80% of the island’s drinking water is supplied from poorly drilled and managed 
wells in two Aquifers. The other 20% of is supplied through traditional methods of 
rainwater harvesting (Torrejano, 2015, p. 5). According to the National 
Government, rainwater is used in 52% of the homes on San Andres (DANE, 2005). 
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Members for the community action 
group (CAG) will be identified through 
existing well established organizations 

on the island. Ensure a broad mixture of 
people and organizations are 

represented .

The CAG will 
identifying the 
communities 

strengths, 
limitations, and 
needs. The CAG 

may suggest 
additional 

solutions based 
on their particular 

community 

needs. 

The CAG will use information gathered 
in their community assessment to 

create a community action plan. This 
includes considering methods of 
implementation and evaluation. 

Strategies identified in the planning stage will be 
implemented by community members. This 

includes the recommended solutions developed on 
behalf of the community with any alterations 

necessary based on the community assessment. 

Using the evaluation 
method identified in 
the planning stage 

the solutions will be 
assessed to 

determine the 
successes and the 
challenges faced 

while implementing 
the solutions, how 

the solutions affected 
the community, and 
what changes need 

to be made to 
continue addressing 

the needs of the 
community.

Community Action 
Group

Based on the United States Centers for Disease Control and Prevention ACHIEVE model, https://www.cdc.gov/pcd/issues/2013/12_0272.htm

A culture of rainwater harvesting has 
been established on San Andres to 
mitigate water shortages as a result of 
climate change and insufficient water 
distribution. However, stored rainwater 
within the household was identified as 
the main breeding ground for the Aedes
aegypti mosquito during the 2016 Zika 
outbreak (Rojas et al., 2016, p. 3). 
Because of this household level 
interventions were targeted to mitigate 
the risk from Zika virus. In order to 
implement these solutions input and 
cooperation from the community is 
essential. This can be achieved through 
the creation of a community action 
group with the task of reducing possible 
breeding sites for mosquitoes. 

Zika virus is primarily transmitted by the Aedes Agyepti mosquito. 
While historical data is not available for the Zika virus, since the 
1990s San Andres has seen an increase in other diseases transmitted 
by the Aedes aegypti mosquito, such as dengue and chikungunya 
(Rojas et al, 2016, p. 3). 
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Climate change affects San Andres and the water availability. San Andres is one of the
departments most affected by climate change. The annual average temperature on San
Andres is estimated to increase by 2°C during the period of 2011-2100 and the average
precipitation on San Andres will decrease between 10-30% . It is predicted that San
Andres will be one of the departments most affected by the decrease in rainfall (IDEAM,
PNUD, MADS, DNP, CANCILLERÍA. 2015).

Since 2013 a drought has been taking place on San Andres. In 2015-2016 the strongest
El Nino was observed since 1950 (Oceanic Nino Index, 2017). This lead to an even higher
pressure on the scares water resources and obliged people to harvest more rainwater.

An increase of temperature from air and water improves the conditions for mosquito’s
carrying the Zika virus. Mosquito’s mature faster in warmer water and the reproduction
of the virus in the mosquito, which enables transmission to another person, is faster
with higher temperatures (Human Rights Watch , 2017).
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Image: United States Centers for Disease Control and Prevention (2017) Zika Virus. Retrieved from: 
https://www.cdc.gov/zika/symptoms/symptoms.html

Background

Climate Change

In 2016 San Andres experienced an outbreak of Zika virus. As 
of April 2016 the highest attack rate of the virus was on the 
island (Pancheco, 2016, p. 4). 

Beck, J. (2016) Zika is the ‘most difficult’emergency health response ever, CDC official says. The Atlantic [News Article]. Retrieved from 
https://www.theatlantic.com/health/archive/2016/06/zika-is-the-most-difficult-emergency-health-response-ever-says-cdc-official/488579/
Cítese Como: IDEAM, PNUD, MADS, DNP, CANCILLERÍA. 2015. Nuevos Escenarios de Cambio Climático para Colombia 2011- 2100 Herramientas Científicas 
para la Toma de Decisiones – Enfoque Nacional – Departamental: Tercera Comunicación Nacional de Cambio Climático.
DANE (2005) Colombia National Census. Retrieved from http://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/censo-
general-2005-1
Duffy, M. R., Chen, T.- H., Hancock, W. T., Powers, A. M., Kool, J. L., Lanciotti, R. S., … Hayes, E. B. (2009) Zika virus outbreak on Yap island, federated states 
of Micronesia. The New England Journal of Medicine. 360 (24). 2536-2543.Retrieved from http://www.nejm.org/doi/pdf/10.1056/NEJMoa0805715
Google Maps A (2017) San Andres. Retrieved from https://goo.gl/maps/M2WYeuJLGFr
Human Rights Watch (2017). NEGLECTED AND UNPROTECTED - The Impact of the Zika Outbreak on Women and Girls in Northeastern Brazil. Retrieved 
from https://www.hrw.org/sites/default/files/report_pdf/wrdzika0717_web_0.pdf
Instituto de Hidrologia Meteorologia y Estudios Ambientales. (2012) Carta Climatologicas – Medias Mensuales – Aeropuerto Rojas Oinilla (San Andres). 
Retrieved from http://bart.ideam.gov.co/cliciu/andres/tabla.htm
Lunazzi, E. (2016, April 14) Three sectors of San Andres complete more than 40 days without drinking water. El Tiempo. Retrieved from 
http://www.eltiempo.com/archivo/documento/CMS-16563591
Mordecai, E. A., Cohen, J. M., Evans, M. V., Gudapati, P., Johnson, L. R., Lippi, C. A., ... Weikel, D.P. (2017) Detecting the impact on temperature 
transmission of Zika, dengue, and chikungunya using mechanistic models. PLOS Neglected Tropical Diseases. 11 (4). 1-18. 
http://doi.org/10.1371/journal.pntd.0005568
National Writing. (2016, April 14) San Andres, in environmental emergency. Retrieved from http://www.elespectador.com/noticias/nacional/san-andres-
emergencia-ambiental-articulo-627183
Pacheco, O., Beltran, M., Nelson, C. A., Valencia, D., Tolosa, N., … Farr, S. L. (2016) Zika virus disease in Colombia – preliminary report. The New Endland
Journal of Medicine. doi: 10.1056/NEJMoa1604037
Petersen, E., Wilson, M. E., Touch, S., McCloskey, B., Mwaba, P., Bates, E., … Zumla, A. (2016) Rapid spread of zika virus in the Americas – implications for 
public health preparedness for mass gatherins at the 2016 Brazil Olympic games. International Journal of Infectious Diseases. 44. 11-15. doi: 
https://doi.org/10.1016/j.ijid.2016.02.001
Rojas, D. P., Dean, N. E., Yang, Y., Kenah, E., Quintero, J., Tomasi, S., … Longini, I. M. (2016, July 14) The epidemiology and transmissibility of Zika virus in 
Girardot and San Andres island, Colombia, September 2015 to January 2016. Euro Surveill, 21 (28), doi:10.2807/1560-7917.ES.2016.21.28.30283
Ross, J. (2007) Routes for roots: Entering the 21st century in san andres Island, Colombia. Caribbean Studies, 35 (1), 3-36.
Torrejano, D. J. B. (2015) Valuation of water use in the isle of San Andres: Tourists, tourism hotels and lodgings. National University of Colombia: School of 
Economics. Retrieved from 
https://www.sanandresultd.com/resources/VALORACI%C3%93N%20DEL%20USO%20DEL%20AGUA%20EN%20LA%20ISLA%20%20DE%20SAN%20ANDR%
C3%89S%20-%20TURISTAS%2C%20HOTELES%20Y%20VIVIENDAS%20TUR%C3%8DSTICAS.pdf
World Health Organization. (2017) The history of zika virus. Retrieved from: http://www.who.int/emergencies/zika-virus/history/en/

References

https://www.theatlantic.com/health/archive/2016/06/zika-is-the-most-difficult-emergency-health-response-ever-says-cdc-official/488579/
http://www.dane.gov.co/index.php/estadisticas-por-tema/demografia-y-poblacion/censo-general-2005-1
https://www.hrw.org/sites/default/files/report_pdf/wrdzika0717_web_0.pdf
http://bart.ideam.gov.co/cliciu/andres/tabla.htm
http://www.eltiempo.com/archivo/documento/CMS-16563591
http://doi.org/10.1371/journal.pntd.0005568
http://www.elespectador.com/noticias/nacional/san-andres-emergencia-ambiental-articulo-627183
https://doi.org/10.1016/j.ijid.2016.02.001
https://www.sanandresultd.com/resources/VALORACI%C3%93N DEL USO DEL AGUA EN LA ISLA  DE SAN ANDR%C3%89S - TURISTAS, HOTELES Y VIVIENDAS TUR%C3%8DSTICAS.pdf

