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Abstract

Haiti’s groundwater resources are poorly understood and scarcely researched, despite their importance as the principal source
for water supply. The knowledge gap and its role of inhibiting informed relief, recovery and investments in development
are described, along with an update on progress towards the UN Sustainable Development Goals. This essay leads a topical
collection of seven articles that advance hydrogeological knowledge of Haiti. Additional data, research and monitoring are

identified as urgently needed for the nation’s sustainable development.
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Introduction

Water security plays a critical role in human wellbeing and sup-
ports societal development and stability. However, population
growth and sectoral competition (domestic, industrial and agricul-
ture) are combining with climate change and variability to under-
mine water security in locations across the Global South. These
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conditions are further exacerbated by natural disaster risks and
locations experiencing political and/or economic upheaval. These
factors are relevant to Haiti and have hampered the development
of sustainable water, sanitation and hygiene (WASH) practices.
Groundwater is regarded as an important component of
water security in contexts of drought, hazards and conflict
(LaVanchy et al. 2021) and is deemed strategically important
to securing equitable access to clean water and sanitation as
outlined in the UN Sustainable Development Goals (SDGs).
Investments in hydrological knowledge and supporting water
management strategies are needed to ensure adequate water
supply and public health justice for vulnerable populations.
Groundwater is one of Haiti’s most important
resources (Adamson et al. 2016). It has helped shape develop-
ment over the country’s history and is the primary source of
water for a present population that exceeds 11.4 million and
its volatile and fragile economy. Population growth, land-use
changes, climate change, lack of governance and inadequate
sanitation, waste and water management are some of the factors
increasing pressure on Haiti’s groundwater resources (Balthaz-
ard-Accou et al. 2017; Hedges et al. 2018; Adamson et al. 2016).
Despite the importance of groundwater in Haiti, insuf-
ficient knowledge and data are available to guide planning,
policy and management. The dearth is partly due to endemic
and cyclical socioeconomic and political instability, which has
inhibited public works investments and development of pro-
fessional and academic capacity. Haiti’s post-independence
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(1804) double debt to France contributed to education receiv-
ing < 1% of the national budget in the mid-nineteenth century
(Porter et al. 2022). Haiti’s public works department was not
established until 73 years after independence and employed
only two architects and six engineers for the whole country.
Haiti still lacks country-wide intermediate- to small-scale
geological mapping, whereas other Caribbean nations have
benefited from such maps for many decades.

Progress in hydrogeological understanding has been further
hampered in recent decades by the diminishing pool of educated
and experienced local experts. Today, groundwater knowledge
is held and furthered by only a few local hydrogeologists and
international practitioners; thus, rebuilding local capacity is
sorely needed. Coordination with Haitian government agencies,
universities, and municipalities has been limited, partly because
of the large number of actors in the WASH sector (Gelting
et al. 2013). This has also contributed to data scarcity despite
development investments, as information from many actors is
frequently not captured and retained within Haiti.

Frequent natural disasters have further undermined water
security across Haiti. In a little over a decade, Haiti experi-
enced two major earthquakes (2010 and 2021), a major hur-
ricane (Matthew in 2018) that caused damage equal to 1/3 of
its gross domestic product and a 2-year drought (2015-2016)
that devastated food production. The 12 January 2010 earth-
quake (Mw 7.0) prompted unprecedented international atten-
tion and investment in Haiti. At the time of the earthquake
only 62% of the population had basic access to water (JMP
2021). A separate disaster of a cholera outbreak later in 2010
resulted in 820,000 cases and > 10,000 deaths (MSPP 2020).
Available groundwater data and knowledge from the early to
mid-twentieth century and the 1980s were scarce and outdated
and were found inadequate to support the necessary scale of
WASH efforts for response and recovery from these disasters.

Despite the momentum, pledges and investments following
the earthquake and cholera outbreak, only a small improvement
in water access resulted. According to data from the WHO and
UNICEEF Joint Monitoring Programme (JMP), 4.5% of the total
population (including population growth) gained basic water access
between 2010 and 2020 (bringing the total to 66.7%). In addition,
less of the population had access to piped water on premises in
2020 than in 2010 (JMP 2021). It should be noted that the JMP
datasets compare between Millennium Development Goal (MGD)
and SDG indicators, and the latter replaced the former in 2015.

Access to safe, and reliable water is a critical foundation
for recovery from natural disasters and progress in sustainable
development, however, current knowledge and research gaps are
expansive in Haiti. There remains an urgent need to characterize
and monitor Haiti’s groundwater resources and an equally urgent
need to disseminate knowledge to support decision-making and
investments in the country. In this context, the Inter-American
Development Bank facilitated an organic initiative to bring
together some of Haiti’s experienced and passionate researchers
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to publish recent studies and investigations in a peer-reviewed
forum with open public access. The authors advocate prioritiza-
tion of research and data acquisition through instrumentation
and monitoring to address important knowledge and data gaps
and that results of future work be made publicly available. Prac-
titioners and funding entities have an important responsibility
to disseminate research findings to enable the strengthening of
policy and governance to manage the resources amidst the grow-
ing water security risks and vulnerabilities.

Topical Collection content

The seven articles in this collection contribute data and knowl-
edge for many of Haiti’s important and diverse aquifer systems
(Fig. 1). Interpretations and results expressed in the papers
are based on limited datasets and are set to be strengthened as
research advances and supplemental data become available. The
articles target a broad audience to support wider interest, policy
integration, application and opportunity for continued research
and monitoring.

Miner et al. (2022b) present data mining and reconnaissance
results from Tunnel Diquini and Source Mariani, two of Haiti’s
largest water supplies that flow from the Massif de la Selle bed-
rock aquifer system in the metropolitan region of Port-au-Prince.
The findings support insights into what may be considered one
of Haiti’s most important and least studied aquifer systems.
Adamson et al. (2022b) synthesize and analyze piezometric,
stream flow, stable isotope and chloride data to evaluate river
infiltration recharge to the Plaine du Cul-de-Sac and Plaine de
Leogane alluvial aquifers. The results advance the conceptual
understanding of the aquifers and the importance of the Massif
de la Selle mountain block and its watersheds for recharge to
the alluvial aquifers. Gourcy et al. (2022) set forth a database of
all known stable isotope data in Haiti to support and strengthen
future hydrogeological studies. The data were broadly analyzed
to identify important data gaps and demonstrate the value of
isotope data as a cost-effective means to support characteriza-
tion of Haiti’s aquifer systems. Arnaud et al. (2022) present a
regional-scale groundwater flow model for the Plaine du Nord-
Massacre shallow alluvial aquifer to support sustainable agricul-
tural development. The effort compiled an important volume of
data with insights on surface water and groundwater flow, water
balance and vulnerabilities and noted important data gaps to
strengthen the conceptual model and improve modeling efforts.
Miner et al. (2022a) focus further on a subsection of this coastal
aquifer in the area of Cap-Haitien by applying gravity and elec-
tromagnetic geophysical methods to assess alluvial thickness and
evaluate the potential for deep groundwater to augment growing
demand within the region. Wampler (2022) explains the spatial
distribution of karst aquifers and their vulnerability to contami-
nation. He provides a snapshot of water quality data to assess
karst aquifer contamination in several areas of the country and
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Fig. 1 Map of Haiti showing the distribution of primary bedrock and alluvial aquifer systems and the study areas represented in the topical collection

presents relevant water treatment technologies to enable safe
drinking water in vulnerable areas. Adamson et al. (2022a) apply
a data synthesis effort, coupled with a reconnaissance mission,
to advance a conceptual hydrogeological model for the Plaine
de Gonaives aquifer system. The results were supported by a
volume of drilling records, historical datasets and recent stable
isotope, hydrochemistry and flow data.

Summary of findings

Five articles document four of Haiti’s largest alluvial aquifers,
which are among the largest in the Antilles. Unconsolidated
alluvium blankets over 25% of the country and the associ-
ated aquifers encompass population centers and agricultural
regions, making them the most exploited resources (Adamson
et al. 2016). Their coastal setting and hydrogeological charac-
teristics make them vulnerable to diverse impacts that are dis-
cussed in the papers. The model of Plaine du Nord presented
by Arnaud et al. (2022) shows clearly that under drought condi-
tions, as observed in 2016, the risk of saline intrusion inevita-
bly increases in areas where the groundwater is unsustainably
exploited. The topical collection emphasizes the critical impor-
tance of governance and management with the hope that these
articles and future studies will facilitate informed and effective
management of Haiti’s alluvial aquifers. For example, Arnaud
et al. (2022) indicates that groundwater withdrawals may have
to be managed more intensively under drought conditions to

avoid saline intrusion and potential associated longer-term
damage to aquifer water quality.

Many of Haiti’s alluvial aquifers do not receive significant
quantities of recharge from direct precipitation, in part because of
their low elevations and high evapotranspiration (Adamson et al.
2022b; Adamson et al. 2022a; Arnaud et al. 2022). Infiltration
of rivers and inflow from mountain bedrock aquifers are inter-
preted as key sources of recharge for the Plaine du Nord, Plaine
du Cul-de-Sac, Plaine de Leogane and Plaine de Gonaives, and
perhaps other alluvial aquifers in Haiti. The understanding of
temporal recharge dynamics is improved through these papers,
which show the importance of larger precipitation events and
El Nifio Southern Oscillation (ENSO) climatic cycles for both
the bedrock and alluvial aquifer systems. Groundwater storage,
flow dynamics and water quality in the alluvial aquifers have
a close relation to the river systems that have carved out and
infilled the basins (Adamson et al. 2022b; Arnaud et al. 2022).
The cost-efficient geophysical methods outlined by Miner et al.
(2022a) can be applied to improve characterization of the allu-
vial basins and guide groundwater modeling and development.
Such methods are of particular interest given the lack of well-
drilling records available in Haiti.

As discussed by Adamson et al. (2022a), Miner et al. (2022a)
and Wampler (2022), mountain bedrock aquifers are very impor-
tant and are referred to as Haiti’s “mountains of water” because of
their high recharge rates, storage capacity and abundant springs.
These include the Massif de la Selle, Massif de la Hotte, Chaine
des Matheux, Montagnes Noires and Montagnes Nord-Ouest.
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The discontinuous carbonate and karst bedrock aquifers absorb
most of the country’s recharge and feed thousands of springs and
hundreds of water systems throughout the country. The above-
cited research indicates the aquifers receive disproportionate
recharge from larger precipitation events and provide important
storage that buffers drought impacts. As previously noted, many
alluvial aquifers rely upon the bedrock aquifers and their water-
sheds for a majority of recharge. The alluvial and bedrock aqui-
fers are vulnerable to contamination, climate change and land
use changes, including widespread deforestation, as outlined by
the authors in this collection. The management and protection
of Haiti’s aquifers and their watersheds is an important takeaway
that is necessary to protect the quantity and quality of existing
spring supplies and the downstream alluvial aquifers, and there-
fore the health of those who use these water sources.

Closing

Haiti has alluvial and bedrock aquifers that serve a critical foun-
dation for recovery and development; however, the lack of local
capacity, data and knowledge to inform planning, investments and
management are prohibitive. This collection is an effort towards
“making the invisible visible” as it relates to Haiti’s groundwa-
ter resources. Increased visibility and knowledge of groundwater
will strengthen continuing research, encourage critical monitor-
ing and lead to the advancement of governance and management
to protect and sustain Haiti’s most important resource. While
the future of Haiti remains uncertain, investing in water security
strengthens the prospects of recovery, stability and socioeconomic
development.

Acknowledgements We are grateful for the encouragement and sup-
port from Clifford I. Voss, Maria-Theresia Schafmeister, Susanne
Schemann and Sue Duncan of the International Association of Hydro-
geologists (IAH). Open access availability of this essay and the topical
collection was made possible through support from HydroLOGICA.

Declarations

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest.

Disclaimer The findings and conclusions in this report are those of the
author(s) and do not necessarily represent the official position of the
US Centers for Disease Control and Prevention.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not

@ Springer

permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Adamson JK, Jean-Baptiste G, Miner WJ (2016) Summary of ground-
water resources in Haiti. In: Wessel GR, Greenberg JK (eds) Geo-
science for the public good and global development: toward a
sustainable future, Geological Society of America special paper,
vol 520, pp 1-22. https://doi.org/10.1130/2016.2520(14)

Adamson JK, Miner WJ, Bernasconi JL (2022a) Data and insights to
advance characterization of groundwater resources in the Plaine
de Gonaives, Republic of Haiti. Hydrogeol J. https://doi.org/10.
1007/s10040-022-02491-8

Adamson JK, Miner WJ, Rochat P, Moliere E, Piasecki M, LaVanchy
GT, Perez-Monforte S, Rodriguez-Vera M (2022b) Significance
of river infiltration to the Port-Au-Prince metropolitan region: a
case study of two alluvial aquifers in Haiti. Hydrogeol J. https://
doi.org/10.1007/s10040-022-02488-3

Arnaud L, Gutierrez A, Zegoulli I, Gonomy N (2022) Modelling
groundwater flow in the Plaine du Nord-massacre shallow aquifer,
Haiti. Hydrogeol J. https://doi.org/10.1007/s10040-022-02469-6

Balthazard-Accou K, Emmanuel E, Diouf M, Agnamey P (2017) Microbio-
logical contamination of groundwater by Cryptosporidium oocysts in
Haiti. Health risk assessment for population. Aqua-LAC 9(1):51-63

Gelting R, Bliss K, Patrick M, Lockhart G, Handzel T (2013) Water,
sanitation and hygiene in Haiti: past, present, and future. Am J Trop
Med Hyg 89(4):665-670. https://doi.org/10.4269/ajtmh.13-0217

Gourcy L, Adamson JK, Miner WJ, Vitvar T, Belizaire D (2022) The
use of water stable isotopes for a better understanding of hydro-
geological processes in Haiti: overview of existing 8'%0 and §°H
data. Hydrogeol J. https://doi.org/10.1007/s10040-022-02498-1

Hedges SB, Cohen WB, Timyan J, Yang Z (2018) Haiti's biodiver-
sity threatened by nearly complete loss of primary forest. PNAS
115(6):11850-11855. https://doi.org/10.1073/pnas.1809753115

LaVanchy GT, Adamson JK, Kerwin MW (2021) Integrating ground-
water for water security in Cape Town, South Africa. In: Mukher-
jee A, Scanlon B, Aureli A, Langan S, Guo H, McKenzie A (eds)
Global groundwater: source. Scarcity, Sustainability, Security and
Solutions, Elsevier, Amsterdam, pp 439-449

Miner WJ, Adamson JK, Hasbrouck JC, Perez-Monforte S, Rodriguez-
Vera M (2022a) Geophysical reconnaissance of the western basin
of the Plaine du Nord aquifer. Haiti, Hydrogeol J. https://doi.org/
10.1007/s10040-022-02490-9

Miner WJ, Adamson JK, Rochat PY (2022b) Reconnaissance of the
Diquini and Mariani springs and insights regarding the massif de
la Selle karst aquifer of Haiti. Hydrogeol J. https://doi.org/10.1007/
$10040-022-02487-4

MSPP (2020). National Surveillance Network Report: Cholera. https://
mspp.gouv.ht/site/downloads/Profil %20statistique %20Cholera%
203eme%20SE%202020.pdf. Cited 03 June 2021

Porter C, Méhuet C, Apuzzo M, Gebrekidan S (2022) The Root of
Haiti’s Misery: Reparations to Enslavers. The New York Times,
20 May 2022. https://www.nytimes.com/2022/05/20/world/ameri
cas/haiti-history-colonized-france.html. Cited 24 May 2022

Wampler PJ (2022) Karst aquifers and water resource contamination in
Haiti. Hydrogeol J. https://doi.org/10.1007/s10040-022-02475-8

WHO/UNICEEF Joint Monitoring Programme (JMP) for Water Supply,
Sanitation and Hygiene (2021) Household drinking water data for
Haiti. https://washdata.org/data/household. Cited 04 January 2022

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1130/2016.2520(14)
https://doi.org/10.1007/s10040-022-02491-8
https://doi.org/10.1007/s10040-022-02491-8
https://doi.org/10.1007/s10040-022-02488-3
https://doi.org/10.1007/s10040-022-02488-3
https://doi.org/10.1007/s10040-022-02469-6
https://doi.org/10.4269/ajtmh.13-0217
https://doi.org/10.1007/s10040-022-02498-1
https://doi.org/10.1073/pnas.1809753115
https://doi.org/10.1007/s10040-022-02490-9
https://doi.org/10.1007/s10040-022-02490-9
https://doi.org/10.1007/s10040-022-02487-4
https://doi.org/10.1007/s10040-022-02487-4
https://mspp.gouv.ht/site/downloads/Profil%20statistique%20Cholera%203eme%20SE%202020.pdf
https://mspp.gouv.ht/site/downloads/Profil%20statistique%20Cholera%203eme%20SE%202020.pdf
https://mspp.gouv.ht/site/downloads/Profil%20statistique%20Cholera%203eme%20SE%202020.pdf
https://www.nytimes.com/2022/05/20/world/americas/haiti-history-colonized-france.html
https://www.nytimes.com/2022/05/20/world/americas/haiti-history-colonized-france.html
https://doi.org/10.1007/s10040-022-02475-8
https://washdata.org/data/household.%20Cited%2004%20January%202022

	Topical Collection: Advancements in hydrogeological knowledge of Haiti for recovery and development
	Abstract
	Introduction
	Topical Collection content
	Summary of findings
	Closing
	Acknowledgements 
	References


