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SUMMARY
Again, just over a year ago, after hurricane Wilma hit the Cuban coast severely in 2005,
hurricane Irma swept over the northern coast of Cuba resulting in heavy damages and
inundations of coastal settlements. Only two months later, on the occasion of the signing
of a Letter of Intent (November 2017) between The Netherlands and Cuba, which reflects
intended cooperation in the field of reduction of costal vulnerability to Climate Change,
support to integrated water management and transfer of associated technologies. Soon
after, Cuba’s Deputy Minister of Science, Technology and the Environment (CITMA), José
Fidel Santana Nuñez, requested in his letter of March 29, 2018, to the Dutch Deputy
Minister for Foreign Economic Relations, for Dutch assistance in the field of joint research
on coastal flood management with emphasis on the design of infrastructure and
environmental engineering in densely populated areas (in this case La Habana) all on the
basis of modeling of wave energy dissipation and reduction of coastal vulnerability. A
formal request from the Cuban Government, requesting assistance On this basis the
DRR-Team was selected and visited Cuba from 16-23 of July 2018. Main counterpart for
discussions and fieldwork was the AMA Institute of the Ministry of CITMA.
Hurricane Irma indicated to Cuban experts the speedup of implementing Tarea Vida
(Project Life), adopted in 2017 by Cuba’s Council of Ministers. In this respect the Cuban
Government approached overseas donors (mostly European countries and the EU/UNDP)
for direct help and for technical cooperation. A decade in the making of relevant laws and
bylaws, the s.c. MacroProyecto bans now construction of new homes in threatened
coastal areas, mandates for relocation of communities doomed by rising sea levels
(although this is still a difficult measure to implement). It also calls for an overhaul of the
country’s agricultural system to shift crop production away from saltwater-contaminated
areas, and spells out the need to shore up coastal defences, including by restoring
degraded habitat. Over the past half-century, CITMA states, the average sea levels have
risen some 6.7 centimetres, wiping out low-lying beaches and threatening
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marsh/mangrove vegetation, especially along Cuba’s southern midsection. The coastal
erosion is already much worse than anyone had expected.
To mitigate coastal vulnerability Project Life aims amongst others to restore mangroves,
which constitute about a quarter of Cuba’s coastal forest cover. They are the first line of
defence for coastal communities, but many mangroves are under attack by leaf-loss from
hurricane-force winds, by erosion, changes in salinity, and nutrient imbalances. UNDP,
with funding from GEF, GDC, the Adaptation Fund and from the EC, is the main
organization in collaboration with CITMA that targets these restorations focussing on
coastal resilience.
Based on the coastal genesis and related geomorphology plus sea-level rise prognosis
the susceptibility to threads originating from sea-level rise was mapped the last decade
by Cuban experts in a so called PVR assessments (PVR= Thread, Vulnerability and Risks).
The results are scientifically well founded but not all were made available to other
existing Cuban institutes which is in the opinion of the DRR-Team not an optimal
situation. Especially the relation between CITMA, the Office of the Historian (Havana’s old
city protection and restoration) and the INRH (the water management institute) as main
stakeholders needs more direct cooperation while defining strategies and ultimately
projects.
Coastal genesis of Cuba can be seen as spectacular in the sense of all different forms of
coastal geomorphology, well governed by sea level high- and low stands in combination
with tectonic movements. The conceptual basis of the Cuban coastal sectional subdivision
is that the current coastal morphology of Cuba is the result of the geological evolution of
the territory during the Quaternary. Likewise, this process is superimposed by the
accelerated rise in sea level over the last 100 to 150 years, as a result of global warming,
which has manifested on the coasts of Cuba as shown the records of the gauge stations.
Therefore, the current coastal morphological setting represents the result of the Cuban
geological evolution plus the modifications caused by the contemporary processes
derived from Climate Change. This explains the fact that most of the Cuban coastal
ecosystems are not in equilibrium, but in a process of transformation towards a new
state of dynamic equilibrium.
Especially the coastal section of La Habana province, focus of the DRR mission, with
alternating reef terraces, small mangrove sections and beaches, all fringed to a karstic
inland lithology, determine different facies where each different section presents a
different approach to mitigate vulnerability to sea-level rise due to Climate Change.
The DRR-Team, having visited the La Habana Province’s coast with members of CITMA’s
AMA Institute, was impressed with respect to the scientific standards of Cuban analysis
on sea-level rise and the actions already taken in relation to restoration and preservation
of their natural coastal defences.
However, in view of the Cuban request, a lot of work still has to be done which needs
more intense coordination between stakeholders (ministries and other governmental
institutes). Especially in the field of artificial coastal defences in densely populated areas
(like the Malecón area in La Habana) more specific modeling of wave energy dissipation
structures has to be performed in order to optimize the definition of the (future) defence
works to be carried out.
A Dutch company already proposed some time ago a more in depth approach. The DRR
mission also focused during the mission on no-regret measures that can already be taken
with Cuba’s own finances to mitigate flooding of the Malecón and its urban hinterland.
In view of the local stakeholders it is good to mention that a synchronized visit of the
Dutch Special Envoy on Water Affairs took place during the DRR mission. This special
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visit was meant to strengthen a possible cooperation in terms of direct contacts and
discussions with Dutch experts that may result in feasible suggestions, plans and projects
to strengthen the country’s coastal protection.
The DRR-team made on the basis of their findings the following recommendations for
direct actions and future steps:
 Present and future contributions and measures of involved parties are recommended
to be incorporated into an overall Climate Adaptation Action Plan, for Cuban coasts
and cities plan, setting priorities to certain measures and formulating missing steps
to obtain the overall goal.
 For such a mitigation plan it is recommend to involve all stakeholders related to
urban water management and physical planning. If known which incidents should be
mitigated and which lead time is available, all parties may contribute their part,
resulting in effective and cost effective measures.
 It is recommended to carry out a Multi-hazard assessment, followed by a risk
assessment. Risk assessments are objective useful tools to identify most vulnerable
areas and for reducing those risks. Risk is, by definition, the product of hazard,
exposure and vulnerability. In the case of Cuba three main categories of hazards
should be evaluated: coastal, pluvial and fluvial hazard.
 It is recommended to procure a step wise implementation of the overall plan, in
order to address the most urgent problems first, remain within available resources,
limit nuisance, and learn from experiences to improve for the next (set of) measures.
 Carry out a short-term project definition and implementation based on no-regret
measures for the Traditional Malecón area and urban hinterland. Main aspects:
enlargement of the flooded area’s drainage capacity, installation of demountable or
flip-up flood barriers and installation of non-return valves at the seaside of existent
drainage pipes.
All the above should be seen in the Cuban political, social and economic framework.
Large projects, as needed for the flood protection of the La Habana’s Malecón area, need
external (international) financing, which should be seen here as progressive. This means
that during project definition, which can already start now with Dutch cooperation, a
medium or long term implementations is to be expected.
Last but not least, the DRR-team paid a post-mission visit to the UNESCO-IHE Institute in
Delft to see if a joint follow up is possible. UNESCO-IHE will present their first modelling
results on the La Habana inland drainage situation (mostly by precipitation) in November
2018. The DRR-team has suggested a follow up of the present mission to
accompany/integrate these presentations with a workshop on stakeholder analysis and
strategies towards Master planning of the Malecón coastal defence system.
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LIST OF ABBREVIATIONS
Abbreviation

Meaning

AF

The Adaptation Fund

AFD

French Development Fund (Agence Française de Développement)

AMA

Environment Agency (Agencia de Medio Ambiente)

CC

Climate Change

CITMA
COSUDE

Ministry of Science, Technology and Environment (Ministerio de
Ciencia, Tecnología y Medio Ambiente)
Swiss Development Cooperation

EC

The European Commission

ENSO

El Niño Southern Oscillation

GAMMA SA.
GDP

Sociedad Mercantil Inversiones Gamma S.A (Commercial Firm of
CITMA)
Gross Domestic Product

GCF

Green Climate Fund

GECYT

Empresa de Gestión del Conocimiento y la Tecnología, CITMA

GEF

Global Environment Facility

GIS

Geographical Information System

GCCA+

Global Climate Change Alliance Plus

INRH
INSMET

National Hydraulic Institute (Instituto Nacional de Recursos
Hidráulicos)
Meteorological Institute (Instituto de Meteorología)

IHE

Institute for Water Education, Delft, The Netherlands

IPF

Institute of Physical Planning (Instituto de Planificación Física)

MINAGRI

Ministry of Agriculture

MINCEX

Ministry of External Cooperation

UNFCCC

United Nations Framework Convention on Climate Change

UNAH

Agrarian University of Havana

UNDP/PNUD

United Nations Development Programme /.Programa de las Naciones
Unidas para el Desarrollo

.
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1

BACKGROUND

1.1

International context

As a relatively significant trade and investment partner, Europe has the potential to play
an important role in the process of reforming the Cuban economy. The EU is Cuba’s
second-largest trading partner after Venezuela, which is currently fading very rapidly. In
2017 Cuba exported goods worth around € 500 million to the EU1. Companies from EU
member states are already major investors in Cuba, above all in the areas of tourism,
construction, light industry and agriculture. About one-third of the island’s tourists come
from the EU. And Europe is also an important source of development funding. Between
2008 and 2014 the EU supplied about €90 million for development cooperation with
Cuba, the priorities being agriculture and food security, environmental and climate
protection, and supporting a sustainable economic and social modernization2. On the
other hand, Cuba is not of great economic significance for Europe. Its share of the EU’s
total external trade is just 0.1 percent, with exports of more than € 2.1 billion in 2017,
above all machinery and transport equipment, chemicals and manufactured goods.
The Political Dialogue and Cooperation Agreement held between the EU and Cuba
initialized on 11 March 2016 and after two years of negotiations, creates a new
framework for political and economic relations. The Dialogue and Cooperation Agreement
of 2016 offers the EU an opportunity to reinstate a joint stance towards Havana while
Cuba values the agreement for strengthening its international recognition, contributing to
a diversification of cooperation partners, and establishing a firm framework for future
economic and political relations.
The agreement contains three main areas: (1) political dialogue; (2) cooperation and
sectoral dialogue; (3) trade and trade cooperation. On trade it goes no further than
underlining the WTO principles of most-favored treatment and non-discrimination and
referencing WTO rules, technical barriers to trade, and trade facilitation. The agreement
contains little in the way of substance, and is not a free trade and investment agreement
of the kind the EU has concluded with other partners. The two sides do not grant (yet)
each other improved access to markets or for investments. Its value is therefore above
all political; it creates the basis for a regular dialogue and defines areas of cooperation.
In the future it could also be conceivable for Cuba to join the existing Economic
Partnership Agreement between the EU and the CARIFORUM countries, which came into
effect in 2008. At the same time this would also promote trade integration within the
Caribbean region. Cuba’s active diplomacy, which also contributed to the 2016 Dialogue
and Cooperation Agreement with the EU, creates a basis for closer political exchange and
expanded economic cooperation. This also applies to the industrialized nations, with
which Havana can to date only maintain restricted relations on account of the American
embargo.
Cuba is one of only eight countries in the world that are not members of the IMF. Neither
it is associated with the IADB nor with the World Bank.
Both CAF and CABEI, as sub-regional banks, provide members with financing for a wide
assortment of development projects. The Latin American and Caribbean members control
both banks. Unlike other regional financial institutions, such as the IADB, CAF does not

1

European Commission Directorate for trade: Updated Dec. 2017
http://trade.ec.europa.eu/doclib/docs/2006/september/tradoc_122074.pdf
2
https://ec.europa.eu/europeaid/countries/cuba_en
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require member countries to be part of the Organisation of American States, which Cuba
left in 1962 and has, it says, no intention of re-joining. Although not a member of CAF,
CAF may also support the training of Cuban business executives at Latin American
business schools. Cuba did effectively join the Tegucigalpa-based CABEI in August 2017.
Financing Climate Change Protective measures needs a first look into the country’s own
economic position where in dealing with monetary policy, it is necessary to take into
account that in the case of Cuba the policy adopts particular characteristics, since it has
not a market economy but a central planning and control system.
Trade in goods.
The top exports are raw sugar, rolled tobacco, hard liquor, nickel mattes and
crustaceans; major export destinations of Cuba are China, Spain, Brazil, Germany and
Portugal. The top import origins are China, Spain, Italy, Argentina and Mexico and its top
imports are poultry meat, corn, wheat, refined petroleum and soybean meal.
A generalized trade balance in goods/merchandize is the following:

indicator
imports
exports
balance

Cuba merchandise trade with World
unit
2013 2014 2015
Billions of Euros
6.3
5.4
7.6
Billions of Euros
1.6
1.4
1.5
Billions of Euros
-4.7
-4
-6.2

2016
7.4
1.2
-6.2

2017
7.1
1.3
-5.8

indicator
imports
exports
balance

Cuba merchandise trade with EU
unit
2013 2014 2015
Billions of Euros
1.8
1.6
2.2
Billions of Euros
0.8
0.5
0.5
Billions of Euros
-1
-1.2
-1.6

2016
2
0.4
-1.6

2017
2.1
0.5
-1.6

Table 1. Trade balance of Cuba with EU/World.

To further strengthen the market position of the Kingdom of The Netherlands companies
(trade partners) in several sectors an economic mission of the Kingdom to Cuba was
organized from 10 to 14 January 2016.
Trade in Services, especially the Tourist branch is growing in Cuba and forms an
important factor of foreign currency income. Tourism is a key sector of the Cuban
economy where it states that it is not going to offer just any type of tourism to bring in
hard currency; Guidelines have been established to promote the s.c. “healthy tourism”
that Cuba wishes to develop as a destination. This means strict environmental rules in
the developments of the touristic sector. It is in this respect worthwhile stating that the
Cuban Civil Defence is well organized on all levels and equipped to evacuate people
before hazard strikes. During the passing of Hurricane Irma some 10,500 visitors were at
resorts of the northern coast where 5,100 were evacuated to Havana and Varadero and
the rest were rapidly repatriated before the storm hit. The total contribution of Travel &
Tourism to the GDP was USD 8,8 million, which was 9.6% of GDP in 2016. Although not
yet available as data, a rise by 2.8% in 2017 was then expected, attracting over 4 million
international tourists, and a rise by 4.7% p/yr to USD 14,3 million.
From the above economic overview it can be seen that larger and more complex
engineering coastal works to confront the Climate Change driven coastal threads (as for
many years practiced in The Netherlands) cannot be executed in Cuba without the
involvement of larger International Financial Institutions. No-regret first mitigation
measures are less costly and have better chance to be implemented with own resources.
1.
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International science cooperation.
In matters of Climate Change, and especially Building Coastal Resilience, incorporating
Nature into Disaster Risk Reduction development, the climate adaptation strategies in
Cuba are science driven. Cuba's minister of Science, Technology and Environment states
the importance of global scientific cooperation to build "resilient societies" to overcome
climate change. In an international context some frustration in Cuba exists where for
instance in 2014, carbon dioxide emissions were 3.5 metric tons per-capita, compared
with 16.4 for U.S. residents (figures according to the World Bank).
The CITMA Ministry emphasizes that Cuba will keep sharing scientific knowledge with
its Caribbean neighbours and other countries in order to create the kind of international
scientific cooperation necessary to tackle the problems arising from Climate Change. With
regards to R&D, Cuba participates in a reasonable number of academic and scientific
networks and cooperates with international scientific research projects. Leading
international partners in this area include Spain, Germany, Italy and Switzerland. The
Delft based IHE institute has, within the European Commission funded Pearl Programme,
already invested a great deal of time, efforts and resources to work with Cuban
authorities and especially with UNESCO and The Office of the Historian in Havana in the
development of drainage strategies/measures in the old city.
Within this science driven context and the adopted State Plan (Tarea Vida; Project Life)
confronting the effects of Climate Change and its mitigation, the Ministry of Science,
Technology and Environment (CITMA), through the Vice-ministry of Foreign Affairs of
Cuba, requested the presence of the DRR team for exchange with Cuban counterparts on
coastal flood management for the City of Havana (sea-wall; Malecón) and the coastal
stretch of the province of La Habana. The request reflects part of the issues as mentioned
in the signed Letter of Intent (signed in November 2017).

1.2

Regional/Urban context

Hurricane Irma initiated the speedup of implementing Tarea Vida (Project
Life),
according to experts at Cuba’s Ministry of Science, Technology, and Environment
(CITMA), which is spearheading the coastal mitigation projects. The government, in the
framework of Project Life approached overseas donors (mostly European; EU) for direct
help and cooperation.
Project Life was adopted in 2017 by Cuba’s Council of Ministers and refers to the ideas
Fidel expressed at the Earth Summit held in Río de Janeiro, June 12, 1992, where he
emphasized the seriousness of threats to the human species.
A decade in the making of relevant laws and bylaws, the program bans construction of
new homes in threatened coastal areas, mandates for relocation of communities doomed
by rising sea levels (although this is still a difficult measure to implement). It also calls
for an overhaul of the country’s agricultural system to shift crop production away from
saltwater-contaminated areas, and spells out the need to shore up coastal defences,
including restoration of degraded habitat. This all is elaborated to increase the resilience
of vulnerable communities.
A large part of Project Life is led by CITMA, and is the most all-encompassing and
comprehensive drafted to date. With a broad scope it includes and updates the local
dimension, citing locations and actions to be taken in the short term (by 2020), long
term (by 2050), and very long range (2100). It outlines five strategic actions and 11
projects to counteract the impact being felt in vulnerable areas.
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Over the past half-century, CITMA says, average sea levels have risen some 6.7
centimeters, wiping out low-lying beaches and threatening marsh/mangrove vegetation,
especially along Cuba’s southern midsection. The coastal erosion is already much worse
than anyone had expected. To shore up the coastlines, Project Life aims to restore
mangroves, which constitute about a quarter of Cuba’s coastal forest cover. They are the
first line of defence for coastal communities, but many mangroves are under attack by
leaf-loss from hurricane-force winds, by erosion, changes in salinity, and nutrient
imbalances.
Cuban Action Research
Projections for the future indicate that the average increase in sea level could reach 27
centimeters by 2050, and 85 centimeters by 2100, values that fall within the estimated
IPCC ranges for the entire planet. This implies a slow reduction in coastal areas and a
gradual increase in salinization, that affects underground aquifers as Rudy Montero -lead
expert within the Environmental Agency’s (AMA) risk assessment group- explained to the
DRR-Team.
Given this picture, 103 studies have been conducted on thread, vulnerability, and risks
(PVR) related to extreme weather conditions as heavy rain and coastal flooding. Likewise
research on drought, wildfires, risks of a geological, technological, or health nature have
been considered, in order to take action in terms of prevention, preparation, response,
and recovery. Coastal flooding produced by extreme weather phenomena has been
identified as one of the main threads from climate change. These floods impact human
constructions and the natural environment, and along with rising sea levels, put a
number of settlements at risk.
Project Life: (Tarea Vida)
This State Plan is drafted for the confrontation of climate change and
approved by the Council of Ministers on April 25, 2017, inspired by the
thoughts of Fidel Castro Ruz, expressing at the Summit of “La Tierra/The
World in Rio de Janeiro in June 1992 the following: “An important
biological species is at risk of disappearing by the rapid and progressive
destruction of their natural living conditions"; mankind”.
With respect to earlier prepared scientific documents on this subject: the
new objectives, as defined in Tarea Vida have a superior scope and
hierarchy, it updates the previous results (within the s.c. MacroProyecto)
and includes the territorial dimension.
Likewise, it requires to conceive and execute a program of progressive
investments, in short (2020), medium (2030), long (2050) and very long
term (2100).
Project Life is made up of 5 strategic actions and 11 tasks. It constitutes
an integral proposal, in which a first identification of priority areas and
places is presented, the related degrading conditions and the actions to
be taken, which can be adapted during its development and
implementation.
Project life also prioritized coastal zones within the framework of the
short to long term erosion effects of sea level rise, see Fig. 1.
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Figure 1: Coastal areas and places prioritized within Project Life
Amongst Project Life’s preceding research is the s.c MacroProyecto, a s.c. definition
program that started in 2007, and that characterizes geographically and in more detail
those coastal areas of Cuba that will be affected in one way of another (naturally and
socially) by Climate Change driven sea level rise till 2015/2100.
In more detail through PVR (Peligro/Vulnerabilidad/Riesgo; Thread/Vulnerability/Risk)
assessments, the susceptibility of coastal regions to sea-level rise and extreme conditions
is largely studied and prioritized. A difficult element of Project Life is a plan to relocate
low-lying villages. The first relocations under the initiative took place in October 2017,
when some 40 families in Palmarito, a fishing village in central Cuba, were moved inland.
Different opinions on the aspect of relocations, already executed and/or planned, have
been heard by the DRR-team in this respect.
Another pressing need is coastal engineering. Topping Cuba’s wish list are jetties/groynes
or other wave-dissipation structures for protecting not only the iconic Malecón, but also
beaches frequented by tourists whose spending is a lifeline for many Cubans. Cuba has
appealed to the Netherlands to lend its expertise in coastal engineering.
As Cuba has several thousand kilometers of coastline, CITMA, through its environmental
agency AMA, pointed out that the DRR-team mission’s scope should be limited to the
coastal stretch of the La Habana Province with emphasis on coastal engineering aspects
of the Malecón (seawall) and on the coastal stretches of the mentioned province (the s.c.
litoral norte habanero; around 50 kilometers). In this respect the DRR-mission focused
on coastal engineering aspects related to the mentioned PVR results with, as stated
before, a special attention paid to the hydrodynamic environment of the Havana seawall
(The Malecón).
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2

DRR-TEAM MISSION

2.1

Introduction

An official request for support from the Dutch Risk Reduction-Team (DRR-Team) was
sent on March 29th, 2018 to the Dutch Embassy in Havana. The support request from the
Ministry of Science, Technology and the Environment (CITMA) consists of assistance with
expertise in coastal flood management, particularly in densely populated areas and with
design of infrastructures and environmental engineering works (combined natural and
artificial solutions).
The official request from the Cuban Ministry may be seen as a direct result of the CubanDutch conference held in Havana in November 2017 on scientific and practical
cooperation on mitigation/reduction of the coastal vulnerability in relation to Climate
Change. A Letter of Intent on cooperation in the field of confronting climate change was
then signed between the Dutch Ministry of Foreign Affairs and the Cuban Ministry of
CITMA. This conference was attended by several Cuban scientists from the CITMA
Ministry and Dutch specialists from the coastal engineering sector as well as from the
dredging sector.
The Declaration of Intent (within the signed Letter of Intent) in its second paragraph
(concrete steps) clearly states the following:
- “An expert team from the Netherlands will perform a mapping exercise of how the
Dutch private sector can contribute to executing the disaster risk reduction strategy,
upon the request of the Cuban signatory”.
- A joint flood study of the Traditional part of the Malecón, once the Historian’s Office
has evaluated already available data.
- Entities from the countries of the signatories will continue to cooperate in the process
of beach nourishment of Cuba’s sand beaches, in support of “Tarea Vida”, the State
Plan for confronting Climate Change.
This document facilitates the cooperation between Cuba and the Dutch water Sector. The
requested Dutch assistance was asked to pay special attention to the modeling of wave
energy dissipation related to the Malecón of Havana and an evaluation of proposed
solutions for coastal protection.

2.2

Scope of Work

The scope of work as stated in the Terms of Reference at the start of the mission was
defined as follows:
“With the DRR-Team’s visit, Cuba aims for direct contacts and discussions with Dutch
experts that will result in feasible suggestions, plans and projects to strengthen the
country’s coastal protection. Improving the protection of the coast is a central goal in
Cuba’s National Plan for facing Climate Change, ‘Project Life’, approved by the Council of
Ministers on 25 April 2017.”
Cuba’s Deputy Minister of Science, Technology and the Environment, José Fidel Santana
Nuñez, has officially requested a DRR-mission in his letter of March 29, 2018, to Deputy
Minister for Foreign Economic Relations, Guido Landheer.
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Part of the letter from the Cuban Government to the Dutch Government on the
request for assistance in coastal engineering issues.

As the first concrete steps to take, the Letter of Intent envisions a visit by a DRR-Team
and a joint flood study of Malecón Boulevard in Havana, as well as the evaluation of
proposed solutions for coastal protection.
City development and heritage issues of the Old Havana City are taken into account in
recommendations by the DRR Team, as the city’s character should be preserved (Office
of the Historian/UNESCO).
At the end of the mission a presentation should be held with the preliminary results and
advice of the mission for the Minister of Science, Technology and Environment of Cuba.
The Cuban experts participating in the DRR mission are listed in Annex E.
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2.3

Approach

The mission started with a first introductory (kick off) meeting on Monday, July 16th at
the AMA agency of CITMA, with high level stakeholders and presence of the Dutch
Ambassador and representatives of the Embassy. The next 3 days entailed a combination
of stakeholder meetings (AMA Institute, CITMA Ministry and Gamma S.A). Gamma S.A. is
a profit organization forming part of the CITMA Ministry and commercializing professional
services (supervising the preparation and execution of works; both national and
international). Three field trips to the coastal section of la Habana Province were
organized. Friday morning, 20th of July was a meeting day with the active donor
organizations in Cuba (Delegation of the EC, UNDP, UNESCO). Due to the synchronized
visit of Mr. Henk Ovink, Special Envoy for International Water Affairs with the DRR-Team,
a small conference entitled “Coastal protection and water management in Cuba and the
Netherlands” was organized (the same Friday) hosted by Mr. José Fidel Santana, Vice
Minister of CITMA. Around 30 representatives of governmental bodies and knowledge
institutions relevant to coastal protection and disaster risk reduction were present. On
Monday July 23rd, The DRR-Team, accompanied by representatives of the embassy,
presented their first findings and recommendations to the CITMA Ministry and related
institutes. The full program of the mission can be found in Annex D.

Photo 1a and 1b. Meetings with stakeholders and a small conference on water
management
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Photo 2. Conference with presence of Henk Ovink and the Vice Minister of CITMA
2.4
At the




Objectives
request of Cuba, the DRR Team will focus on:
The reduction of coastal vulnerability to climate change;
Integrated water management; and
The transfer of associated sustainable technologies.

The idea is the DRR-Team will advise on a disaster risk reduction strategy in these areas.
In his letter of March 29, the Vice Minister proposes to discuss the following subjects:
 Issues of management of coastal flooding, in particular in densely populated
areas;
 The design of infrastructural works and works of environmental engineering
(combinations of natural and men-made solutions);
 How to handle floods at areas which are densely populated;
 Models for the dissipation of wave energy;
 As well as other issues, that may come up.
Study area:
The Cuban Ministry of CITMA stated during the kick-off meeting that the DRR-Team
should limit itself to the coastal stretch of the Province of La Habana (see Fig. 2). Focus
should lay on the sea wall (Malecón) issues with overtopping waves and sea water
penetration into the city and on the issues of coastal erosion of the La Habana Province
coastline.

Figure 2: Province of La Habana (around 50 kilometers of coastline) with its different
“municipios” (municipalities)
In this respect the already executed modeling of wave energy for the Malecón area -wave
energy dissipation by the Hydraulic Research Center (CIH) of the Instituto Superior
Politécnico, José Antonio Echeverría (CUJAE)- should be taken into account. Validation
and evaluation of results play an important role in the DRR-Team’s analysis.
As stated above, next to the Malecón the DRR-Team analyzed and evaluated the yet
executed measures (both hard and legal) and discussed with CITMA some possibilities of
applying extra coastal engineering measures related to the different geomorphological
coastal stretches of the La Habana Province.

1.

DRR-TEAM MISSION REPORT CUBA

October 2018

17

3

RESULTS AND FINDINGS

3.1

Introduction

In this chapter the information and data we have been provided with is being discussed.
The information is derived from interviews, site visits, presentations, provided literature
(including maps) and public information from the internet.
3.2

General conditions and geomorphology of the selected Cuban coast line.

Coastal genesis of Cuba can be seen as spectacular in the sense of all different forms of
coastal geomorphology, well governed by sea level high- and low stands in combination
with tectonic movements.

3.2.1

Observed coastal genesis and relative sea level changes.

The conceptual basis of the Cuban coastal sectional subdivision (see Figure 5) is that the
current coastal morphology of Cuba is the result of the geological evolution of the
territory during the Quaternary, at least from the beginning of the Holocene (some 11000
years BP; before present). Likewise, this process is superimposed by the accelerated rise
in sea level over the last 100 to 150 years, as a result of global warming, which has
manifested on the coasts of Cuba as shown the records of the gauge stations.
Therefore, the current coastal morphological systems represent the result of the Cuban
geological evolution plus the modifications caused by the contemporary processes
derived from Climate Change. This explains the fact that most of the Cuban coastal
ecosystems are not in equilibrium, but in a process of transformation towards a new
state of dynamic equilibrium.
Taking into account the above stated, one may well conclude that the current coastal
relief of Cuba, is quite young (in geological terms), In this time frame, and in particular
during the last 7000 years (Holocene), generally speaking, sea-level rise has determined
that the coastline has advanced inland. This is evidenced in many places, but there are
exceptions where this process has been strongly counteracted and overcome by the
tectonic movements (rising) of the land. Subsequently, the upheaval of ground level,
(Fig. 3) has, due to the lower rate of sea-level rise as from 7000 years B.P (before
present), in some coastal areas of Cuba (especially in the northern coast) compensated
for some of the sea-level rise, while in other sections, especially in the coast of the
Mayabeque province, it has an extra negative effect (subsidence).
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Figure 3. Neotectonic map of Cuba
It is important to note that for these previously detailed neotectonic movements of
upheaval and subsidence in Cuba, calculations and estimates of the IPCC do not take into
account the extra rise of sea level, caused by hydro-meteorological events (cyclones,
tidal waves, etc.) and by the oscillation of the astronomical daily tide and seasonal
anomalies (ENSO).
3.2.2

Eustatic and relative sea-level rise analysis in Cuba.

In this respect, the sea level measurements that have been carried out in Cuba in the
last 60 years, do not allow to clearly establish the relative sea-level rise component by
neotectonic movements. Figures show that the speed frame of the movements of the
terrain can only in the long term, and under the right conditions, partly compensate for
the rise in sea level. However, as stated above, these data donot include effects of
extreme hydro-meteorological events. As Dr. Manuel Ituralde-Vinent3 states: Due to the
fact that not enough recent tectonic data are present, it is not possible to correctly
calculate the relative sea-level rise on Cuban coastal zones only from Cuban tide gauges.
We know that some Cuban coast stretches have uplifts and others subsidence.
Therefore the DRR-Team expressively asked the Cuban counterparts during their mission
if there exists, according to their latest measurements, a coastal stretch which shows a
positive balance between tectonic upheaval and sea-level rise. The answer was quite
clear; Cuba did not observe any coastal stretch where a positive balance is measured.
This means that the acceleration of sea-level rise in the last decades of measurement
always shows a rising relative sea level and thus a further coastal attack.
The Cuban tide gauge monitoring system values (60 years) confirm the IPCC’s models
(AR5; 2013) where four possible trajectories are described on global sea-level rise. These
are known as RCPs (Representative Concentration Pathways), see Table 2.

3

Manuel A. Iturralde-Vinent; Peligros y Vulnerabilidades de la Zona marino-costero de Cuba; estado actual y
perspectivas ante el Cambio Climático hasta el 2100. Gecyt/Editorial Academia. La Habana 2015
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Scenario (2100)
RCP2.6
RCP4.5
RCP6.0
RCP8.5

Mean
44
53
55
74

Range
28-61
36-71
38-73
52-98

Table 2: Global sea-level rise in cm by the year 2100 as projected by the IPCC AR5. The values are relative to
the mean over 1986-2005, so subtract about a centimeter to get numbers relative to the year 2000.

The s.c. MacroProyecto on Coastal vulnerability, adopted in Cuba for inundation studies
and their transgression effects, predicts the IPCC’s 2007 values of 27 cm eustatic sealevel rise by the year 2015 and a maximum of 85 cm by the year 2100. The last IPCC
models (2013) predict even more sea-level rise.

3.2.3

Cuban coastal geomorphology

In order to analyze coastal behaviour on the basis of geomorphology in relation to
relative sea-level rise in Cuba an extended study has been made by Dr. Iturralde-Vinent.
The Cuban coastline is divided into 15 sections, see Figure 5. The La Habana Province
coast is entirely situated in Section II. Here 3 mayor coast forms are present:
- Emerged and deteriorated coral reef platforms, sometimes fringing to karstic rock
formation and sometimes with sea grass development (see photo 3).
- Emerged and submerged reef platforms (Photo 4.)
- Beaches and small dunes composed of biogenic sand mostly without protecting reefs.
Behind this cordon are lagoons with mangrove sections situated. (Photo 5.)
The bathymetry of Figure 4. shows that in front of the dune/beach sections very shallow
dipping foreshore is present (5 m depth at a 1 kilometre offshore distance). The
bathymetry as visualized in Figure 4, is from Navionics and made visual through the
Russian satellite image viewer of Sasplanet (V.15).
Where a flattened terraced coast is present, whether emerged or submerged, this might
continue for several hundreds of meters offshore, or much less (in the case of the
Malecón foreshore).

Photo 3.
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Photo 5.

Figure 4. Bathymetry exmaple of Navionics in front of the beach coast of Guanabo
Based on the geomorphology and sea level rise prognosis a second map was prepared.
This map shows coastal susceptibility to threads originating from sea-level rise, see
Figure 6. The La Habana province (section II of the sectioned Cuban coast forms) is
defined as median susceptive to sea level rise. This susceptibility to sea-level rise of
Section II does not take into account special situations in special spots, like the Malecón
of La Habana and other, mostly anthropogenic, structures like human settlements on and
close by the coastline.

Figure 5: Map of the sectional geomorphologic division of the Cuban coast; according to Dr. IturraldeVinent (2013).
1.
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Figure 6: Map of the sectional division of coastal susceptibility to threads originating from sea-level rise.
Dr. Iturralde-Vinent (2013). Tramo II (Section II) is the La Habana coastal province.

3.2.4

Geohydrology of the La Habana Province

The karst terrains of Cuba cover 66% of the overall territory, and the most important
aquifers are of karstic nature, comprising 80% of the country’s groundwater resources.
These aquifers are mostly unconfined and formed by Miocene carbonate rocks that
underlie gentle coastal flatlands. Diffuse flow dominates in the low lying areas, whereas
conduit flows is the prevailing process in the more hilly terrains.
Due to the karstic rocks, which are also present in almost the entire coast of the La
Habana Province, the river outflows at the coast line are conduit flows. This also means
that most sediments are retained inland which in turn determines that the fluvial
sediment flux that discharges at the coastline is quite limited. Floods caused by tropical
depressions are also retained inland. This in turn determines the fact that almost no
natural beach nourishment by river sands transported by long-shore transport (as with
the Netherlands’ coast) takes place at the Cuban coast of la Habana Province.
The reduction in quantity and quality of the karst hydric resources is in Cuba reasonably
less than in other similar Caribbean countries like Jamaica and Haiti. The Cuban
environmental and hydrological authorities recognize the vulnerability of their natural
resources and thus the necessary adequate protection of groundwater quality. The
responsibility lies with the National Institute of Water Resources (INRH), an institute
directly under the Council of State.
The major pollution sources to groundwater identified in Cuba include sea water
intrusion, agricultural practices, waste deposits, industrial activity, mining, oil and gas
extraction.
Sea-level rise and sea-water intrusion into the ground-water resources.
Assessing the vulnerability of karstic aquifers, that extend over 66% of the national
territory is extremely complicated because of the heterogeneity and anisotropy of the
water bearing strata, the close relationship between landforms and underground
drainage and the variable degree of hydrological activity of the karstic systems.
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Intrusion of sea water represents the most common and extensive cause of degradation
of the water quality of the most important Cuban aquifers, which are located near and
beneath its northern and southern coasts. In the small and very small islands, it is also
the main factor affecting groundwater quality. In several locations, including some of the
most important karstic coastal aquifers of western Cuba, rapid changes in the water
quality and increase in the chemical corrosion processes within the karst aquifers have
been caused by human impacts.
In Cuba, assessment of the groundwater pollution is institutionally based upon: (a) a
legislative framework; (b) a monitoring network of groundwater quality and the
corresponding data processing and alarm systems; (c) a contingency plan for
environmental emergency. Herein the INHR institute plays the most important role.

3.3

Natural and artificial coastal defences

3.3.1

Natural coastal defences

Mangroves:
Although the La Habana Province has little more mangrove areas (compared to the
southern coast of Cuba) restoration of deteriorated mangrove areas is important for
coastal defence. UNDP, with funding from GEF, GDC and the EC, is the main organization
in collaboration with CITMA and IPF that targets these restorations. Not only for coastal
defence purposes but also for the fact that tropical wetlands are one of the most carbon
rich ecosystems in the world. The organic-rich soils of many mangroves and tidal
marshes contain exceptionally large C stocks that can be two to three times higher than
those measured in most terrestrial forests. For example, the IPCC default values for
tropical and temperate forests are <400 Mg ha−1, whereas mangrove mean carbon
stocks can exceed 1,100 Mg ha−1 Conservation and restoration of coastal wetlands are
thus, next to their coastal defence purposes, also a priority for maintaining C stocks and
preventing emissions arising from wetland loss.

Photo 6. Mangrove area, east of La Habana
Beaches.
River-sand beaches are distributed very locally and are often limited to the mouths of
rivers, with almost total absence in erosive areas. The sand of biogenic and oolitic origin
play the main role among the beach sediment components of the Cuban platform.
Various Cuban coasts are erosive. The DRR-Team visited examples of erosive stretches of
coast in the field on the east side of Havana. Cuba also faces problems with coastal
erosion on the beaches at the important tourist resorts of the Northern shores (e.g.
Varadero beach and the keys).

1.

DRR-TEAM MISSION REPORT CUBA

October 2018

23

In order to define functional coastal protection measures, the causes of erosion should be
known. These causes are defined by general causes with superimposed local conditions.
In general, coastal erosion is often caused by (a combination of) the following factors:
1. Sea level rise – the erosive effect of sea level rise is expected to be noticeable
along the entire coastline of Cuba (assuming that there is no significant tectonic
movement to compensate these effects).
2. Gradients in longshore transport, when the wave incidence relative to the coast is
rather oblique (like on the northern coast of Cuba), longshore sand transport
should be expected. Gradients in the net longshore transport along the coast may
result in erosion.
3. Sand loss during severe events (due to waves and wind) – erosion during such
events is often mainly the result of cross-shore effects.
4. Sand mining – it is possible that (illegal) sand mining from beaches occurs (often
for construction purposes).
5. Buildings or other hard structures on the beach and in the dunes – when waves
reach hard structures, additional erosion mechanisms are introduced (wave
reflection, turbulence, leeside erosion) causing scour of the beach or dune .
In the case of Cuba, the erosion of beaches is caused to a lesser extent by the
inappropriate use of the coastal zone and, to a greater extent, by natural causes, within
which the rise of the mean sea level is clearly identified, in combination with erosive
extremes and the deficit in the contributions of the sources producing sands; possibly
caused by the imbalance in the reproductive cycles of benthic organisms, as a very likely
consequence of the increase in ocean temperature.
Among the anthropogenic causes that accelerate the erosion are: the constructions on
the dunes (now prohibited), the extraction of sand and the poorly designed
hydrotechnical constructions, such as wrong oriented groynes.
Juanes Martí et al. (2010)4 noted that "Beach erosion is a widespread phenomenon in the
Cuban Archipelago and occurs with an estimated rate of retreat of the coastline of 1.2 m
/ year, although there are reports of more than 2.5 m / year in various parts of the
country. This intensity is similar to that reported for the Caribbean Region¨.
At present practice coastal erosion problems are dealt with locally and for the short term.
This small-scale approach may not be optimal in terms of effectiveness (e.g. sand
nourishments may disappear relatively fast) and construction costs (e.g. relatively high
mobilisation costs per operation). Both aspects may be improved by applying a larger
scale integral approach. In Chapter 4.2 possible measures against erosion will be
discussed.

4

José Luis Juanes Martí. Instituto de Ciencias del Mar (ICIMAR). Impacto del Cambio Climático y Medidas de
Adaptación en Cuba 2012; UNDP with funding by GEF.
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Photo 7. Beach of Santa Maria with some dune formation, east of La Habana

Photo 8. Beach front “El Rincón” near Guanaba, very vulnerable to sea-level rise
Coral reefs
“Even under modest climate change prediction scenarios (RCP4.5) only about 3 per cent
of e.g. the Indian Ocean reefs will be able to track local sea-level rise projections without
sustained ecological recovery, whilst under continued high emission scenarios (RCP8.5)
most reefs will experience water depth increases in excess of half a meter,” according
to Dr. Aimée Slangen5 of NIOZ, Royal Netherlands Institute for Sea Research. "For many
reefs across the Caribbean regions, rates of growth are slowing due to coral reef
degradation, meanwhile rates of sea-level rise are increasing and results suggest that
reefs will be unable to keep up. As a result, water depths above most reefs will increase
rapidly through this century leading to further degradation.

3.3.2

Artificial coastal defences

One of the most important coastal defences for Cuba is the Malecón, which protects parts
of Habana. Construction of the Malecón began in 1900 during temporary US rule.

5

1.

https://www.nature.com/articles/s41586-018-0194-z

DRR-TEAM MISSION REPORT CUBA

October 2018

25

Subsequent Cuban governments continued the extension of the first section of the
Malecón. In 1923 it reached the mouth of the Almendares River.

Photo 9. First phase of construction of the Malecón. Source presentation Cordova
The Malecón is a seawall with a length of 7 kilometres from the Castillo de la Punta in
Habana Vieja, which is at the entrance of the harbour, to La Chorrera, (a castle at the
mouth of the Río Almendares). In 1901, during temporary US rule, the American
authorities started to work on the Malecón. The original plan was to build a boulevard
decorated by trees, which was to start at the Castillo de la Punta. This plan was changed
in time to deal better with extreme coastal conditions. The Malecón became the fast road
between the old and the newer part of Havana and nowadays it is still one of the most
important roads in Havana. The Malecón has also a very important social function where
the ocean view attracts a lot of people to the pedestrian sidewalk. Groups of young
Cubans enjoy the view and the refreshing wind which the ocean provides.
During storms and hurricanes large volumes of water overtop the seawall, damaging the
buildings and the road along the seawall., Furthermore, large areas behind the seawall
are flooded during these events by the overtopping water and heavy rainfall. Because of
these inundations and the damage provoked on buildings in the first and second line of
buildings near de Malecón, the development of the zone is greatly affected. Different
buildings are vacant or already demolished. see Photo 10.
This is why the Cuban authorities, in particular the Oficina del Historiador, are looking for
a solution to protect the old city of Habana against the sea and heavy rainfall. Coastal
measures for the Malecón have been extensively studied by CIH. Various model tests
have been performed in Spain (1992) and Italy (2013-2015) to study various coastal
protection measures like a curved seawall, berms and offshore breakwaters in various
designs. In addition, the various coastal hazards (waves and hydrodynamics) have been
modelled with the wave model SWAN and the hydrodynamic model ADCIRC and
translated to hydraulic conditions along the Malecón. With this information various
coastal designs have been made comprising:
1) A raise of the seawall to a level of +4.46 m
2) A curve in the seawall
3) A berm of a height of 2.28 m and a width of 5 metres
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4)

A submerged breakwater either with a top level of +3.28 m and 12 metres width
or a top level of 2.28 m and a width of 22 metres
These proposed measures are defined for the various stages with use of berms and
breakwaters only for selected stretches of coast. However they need to be updated and
further worked out to come to project definitions.

Photo 10. Inundation of the Malecón and the urban areas behind by
overtopping sea water (Hurricane Wilma 2005).
In general the area behind the Malecón is divided in three districts (Municipios); Plaza de
la Revolución, Centro Habana and La Habana Vieja, The 7 kilometre Malecón section,
comprises the districts of Centro Habana and Plaza de la Revolución (see Figure 9) but
the inundations, as a consequence of extreme weather conditions, comprise all three
districts.

Figure 9. Urban sectors of the Malecón area; The blue sector (Centro Habana) comprises
the s.c. Traditional Malecón.
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All the proposed solutions are valid solutions to mitigate coastal hazards. However,
solutions like the berm and the submerged offshore breakwater are expensive and will in
the short-term have a lower cost-benefit ratio than solutions that can be implanted on
land like a better drainage or flood gates (no-regret measures). This is why an integral
approach based on various phases in time, is recommended; see also Chapter 4.
Regarding the design criteria for the design of the coastal measures, the following is
recommended:
 Evaluate the maximum allowable overtopping discharge, which is used to evaluate
the design of the coastal measures. The maximum discharge could depend on the
solutions that are implemented for drainage in the city and structural resistance of
the road and demands of historic sites. In addition, the maximum sectional
(Malecón) discharge could also be chosen.
 Evaluate the coastal hazard(s) for which the coastal measures should be designed. At
the moment the coastal designs have been based on wave and water level conditions
that have been translated from offshore conditions with a 1/50 years return period
and in addition the Wilma hurricane scenario. Questions arise whether these are the
most representative. For the hurricane scenario it is recommended to translate the
various hurricane events into return periods for Havana, to prevent that coastal
measures are designed for rare events. In addition, also take into account that these
events could occur more often due to climate change. Moreover, for the offshore
conditions, no directional analysis has been used, as it has been assumed that the
1/50 year conditions could originate from every direction. It would be more correct
to derive directional extreme value statistics for the offshore wind and wave
conditions. Finally, it would be interesting to compare threat from coastal hazards to
the threats from pluvial and fluvial hazards.
 Study different sea-level rise scenarios and take these into account in the
hydrodynamic and wave models to investigate future scenarios. In the present
studies one sea-level rise scenario has been taken into account. However, it is good
to look forward to longer time horizons than 2050 for the planning of medium and
long-term solutions. In addition, sea-level predictions may change in the future.
 Check the hydraulic boundary conditions that have been used for the design of the
measures. The validation of the wave results of the SWAN wave model shows
relative large errors at deep water buoys of NOAA (presentation July 2018 Prof.
Cordova). This could result in less representative nearshore conditions. Also a correct
representation of the wave period is essential in the case of overtopping.

Photo 11. Present day view of the Malecón
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3.4

Stakeholders

As will become more clear later in the analysis of available information, the various levels
of government have difficulty developing successful collaborations as they operate in
individual columns, restricting the flow of information and expertise. There is a large
division of views of how to approach coastal protection, especially when focussed on the
Havana Malecón area. This concerns the general structure of the Cuban governmental
way of scientific research and information gathering where a top-down way of problem
tackling exists. Horizontal links/connections between actors at the same level are difficult
to establish meaning that the organizations from various ministries (of the existing 22)
and other five institutions, directly acting under the Council of State, like INRH, (Instituto
Nacional de Recursos Hidráulicos,) must present first their objectives and proposals to
the highest level of government before any action can be taken. This may lead to
confusing interests and certainly time consuming efforts.
In the case of scientific research on coastal protection related to climate change the
CITMA Ministry is the most important ministry. Under this ministry the AMA institute
(Agencia de Medio Ambiente) acts as a Superior Institute (Organización Superior de
Dirección) that develops the scientific bases and environmental technologies through
which it then defines integrated solutions for sustainable use of natural resources. As
photo 12 shows, it has 9 dependencies (institutes).
Next to this CITMA Ministry in the case of coastal protection is the Ministry of highest
level education (Ministerio de Educación Superior) under which the Instituto Superior
Politecnico José Antonio Echeverría (CUJAE) which, amongst others houses the Hydraulic
Research Center (CIH). The latter institute (led by Prof. Ing. Luis Cordova) has
elaborated extended research on the coastal dynamics of the Malecón area and
frequently hosts master students from TUD. In the case of coastal protection and
engineering solutions a cooperation exists where possibilities are to be further
investigated to materialize ongoing cooperation (see in this context chapter 2.2; the
request from the CITMA Ministry to the Dutch Government).

Photo 12. The AMA Institute and its dependencies
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Within the CITMA Ministry also commercial organizations, in terms of physical project
execution and related services exist. These organizations are commercial, thus profit
based (con fines de lucro). Beach suppletion in some of the tourist resort areas of the
Cuban archipelago by a Dutch dredging company is initiated and controlled by Gamma
S.A, one of the organizations of INNOMAX (see Figure 10). This means that doing
business with these commercial organizations always vinculates to the scientific,
technological and environmental research of the CITMA Ministry.

El Grupo Empresarial INNOMAX es una organización superior de dirección perteneciente al CITMA e integrado
por siete empresas cuya actividad fundamental está vinculada al desarrollo científico, tecnológico y medio
ambiental de Cuba y del mundo. Los 7 empresas son:

Empresa Especializada Importadora, Exportadora y Distribuidora para la Ciencia la Técnica
EMIDICT: Ejecuta operaciones de Comercio Exterior con la importación, exportación y distribución mayorista
de productos e insumos para la investigación, producción y desarrollo, que incluye la infraestructura necesaria
para la innovación tecnológica, así como especies de la flora y la fauna. www.emidict.com.cu

Empresa de Tecnologías de la Información y Servicios Telemáticos Avanzados, CITMATEL: Dedicada a
desarrollar, implementar y comercializar productos y tecnologías de información de alto valor agregado y
proporcionar una gama de soluciones integrales con alta calidad y novedad tecnológica. Especializada en
Comercio Electrónico. www.citmatel.inf.cu

Empresa de Gestión del Conocimiento y la Tecnología, GECYT: Realiza consultorías integrales en el
campo de la innovación organizacional y promueve la creación de nuevas capacidades para acelerar el
cumplimiento de sus objetivos productivos y comerciales. Desarrolla y aplica en sus clientes un Modelo de
Gestión de Empresas de Alto Desempeño, que potencia de forma integral los aspectos clave de una
organización. www.gecyt.cu

Sociedad Mercantil Inversiones Gamma S.A.: Brinda servicios de soluciones y tecnologías integrales, con
alto valor agregado en temas ambientales, de calidad, evaluaciones de riesgo y vulnerabilidad, riesgo
tecnológico y ambiental, tecnologías de mantenimiento, tratamiento de residuales y salud ocupacional.
www.gamma.com.cu

SERVICITMA: Realiza el aseguramiento logístico en transporte, mantenimiento, alimentación y otros servicios
del Sistema de la Ciencia, la Tecnología y el Medio Ambiente.
ESP
Empresa de Seguridad y Protección: Garantiza todo el sistema de Seguridad y Protección del CITMA.

Figure 10. Commercial organizations linked directly to the CITMA Ministry.

The Instituto de Planificación Física (IPF).
The Institute of Physical Planning, placed under the authority of the Ministry of Economy
and Physical Planning, has a direct relation to the Ministry of CITMA when it comes to
their main task: development of land-use and urban-zoning plans on the basis of
outcome of the scientific results of the Macro-Proyecto on threads, vulnerability and risks
of the coastal zone (2050-2100), known as early warning information. In particular their
task related to coastal settlements is described in the s.c. NUA (Nueva Agenda Urbana;
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new urban agenda). In the practical sense this institute works closely with UNDP in the
creation of information centers throughout the country, especially when relocation of
vulnerable settlements is at stake.

Figure 11. Vulnerability map of coastal settlements (source: IPF)
The Office of the Historian
This institute (created in 1938 plays an important role in preserving and restoration of
the Ciudad Vieja (Old city) of Havana. Since 1993 it is placed directly under the authority
of the Council of State and is actually the maximum authority for the integrated
restoration of the Havana Old City, which in turn was declared World Heritage by
UNESCO in 1982. In 2014 the Master Plan on Integrated rehabilitation based on
urbanistic regulations was adopted which controls all interventions on existing buildings
and infrastructure.
The Malecón was built in six consecutive stretches between 1901 and 1958. Whatever
solutions presented in the framework of coastal engineering projects for the Malecón
itself or its foreshore area will have to be complemented by an acceptance from the
Office of the Historian. From the Master Plan6 for the Old City the following indications
(lineamientos) are noted:
 Protection (to be realized before 2015) of the outlets of the drains to the sea by
the s.c. Punta de Lanza (arrow point ) solutions. This has been proposed by the
CIH institute and as such also executed in places.
 Continuation of the research using coastal engineering works to protect the City
from marine inundations.
 New construction of drainage networks, sewerage, gas, energy and
communications.
 Rehabilitation of the Malecon’s sea wall and of public spaces.
Civil Defence:
This organization, under the Ministry of Armed Forces, plays an important role in all
aspects that has to do with coastal protection related to sea level rise and Climate
Change.
After 2004 (a year that Cuba was hit by two major hurricanes in a relative short period:
Ivan and Charley) it was decided that each territory should have a disaster reduction
plan and disaster reduction measures will be included in the social-economic plan every
year. The large number of evacuations and low number of deaths is only possible due to
6
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the implementation of an effective early warning system as a component of the Cuban
civil defence system. The success of Civil Defence in Cuba has been internationally
recognized. The main factors for the success can be summarized below:
a) Management at the highest level. Due to the missions to be accomplished and the
potential destruction of disasters, civil defence system can only be managed by the
head of each organization or territory. They are responsible for measures of civil
defence in their range of action.
b) Multipurpose (multifaceted) character of the protection. The civil defence system
must provide protection to all of the population and economy against any type of
natural, technological and sanitary disaster.
c) Organization according to the socio-economic development of the Country. The civil
defence organization in Cuba is dynamic, adapting periodically to the changes
produced in the society from any point of view, such that they do not become
obsolete and remain focused on their task (e.g. for planning the measures, actual
human, materials and financial resources are always updated).
One of the most important components of the Civil Defence system that needs some
more detailed explanation is the establishment of effective Early Warning Systems
(EWS). Although the Civil Defence System in Cuba has reduced the number of casualties
considerably, the amount of physical damage by natural catastrophes is still quite high.
The national economy, in crisis during the nineties (the s.c. Special Period), is suffering
the accumulative costs for facing one or two devastating hurricane every year. As
explained earlier the system is dynamic and continues to improve. More recently the Civil
Defence Organization tends to focuses on:
i) Better implementation of the disaster reduction process considering improving
risks reduction management and strengthening the management of response and
recovering actions;
ii) Integration of the disaster reduction cycle into the economic and social planning of
the country and to continue improving the actions and measures for different
types of hazards.
A strong cooperation of the Civil Defence system with CITMA/AMA exists (see Figure 12).
The vice-president of the National Council of Defence, the Ministry of Science, Technology
and Environment (CITMA) is responsible for conducting risk assessment studies in the
country. The Agency of the Environment (AMA) is also enrolled in this task creating a
multi-disciplinary group for risk assessment (PVR assessment). In this way another link
exists between scientific research and risk reduction organizations like UNDP and Civil
Defence.
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Figure 12. Structural organization of Civil Defence System in Cuba and risk assessment

INRH
The National Institute for Water Resources (Instituto Nacional de Recursos Hidráulicos or
INRH) is in charge of managing the overall cycle of water in Cuba; for this purpose its
structure is organized into four business groups and two independent companies. Its
business system is at work throughout the country monitoring the hydrological cycle,
monitoring and balancing surface and subterranean waters, the drinking water supplies,
quality controls for terrestrial waters, sewage and wastewater treatment, as well as
undertaking research applied to hydraulic engineering and the planning of waterworks,
their rehabilitation and maintenance. This Institute is a key player (next CITMA Ministry)
in resolving the Malecón sea penetration in the Old City of La Habana. The DRR mission
spoke briefly with representatives, but INRH was not present at discussions and
presentations. Through UNESCO the Delft based IHE-Research institute received
important data for the existing drainage network of the city from INRH regarding
precipitation and sea water data (communication DRR team with IHE). These data are
not yet accessible for the DRR team and thus limiting their analysis on important urban
drainage issues.
UN Agencies
UNDP, as accredited organization, also plays an important role in planning of adaptations
on resilience of inhabitants of vulnerable coastal settlements and helps with adaptation/
relocation plans. Their main program funding is obtained through the GEF, GDC,
Adaptation Fund and the European Commission. The WFP (World Food Plan) and FAO are
involved in various sustainable food programs. In April 2018 UNDP with CITMA/AMA filed
a request for a grant to the GEF amounting around 29 million USD for an 8 year
programme on increased resilience of most vulnerable people and communities including
ecosystem and ecosystem services (no infrastructure and built environment issues) 7. No
decision has been made yet by the GEF. As can be seen in chapters 3.4.2 and 3.5.1,
UNDP, under guidance of the Ministry of CITMA/AMA and other ministries or institutes
7

https://www.greenclimate.fund/documents/20182/893456/19860__Coastal_Adaptation_to_Climate_Change_in_Cuba_through_Ecosystem_Based_Adaptation.pdf/a6f467773e8b-62a0-4d95-98040491a7c4
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like INRH and IPF, executes various projects with EU funding. Ongoing till 2020 is the
Programme of “Bases ambientales para la sostenibilidad alimentaria local”, which already
started in 2013 under the EU Multi-annual Indicative Programme, cofunded with COSUDE
(the Swiss Development Cooperation). New programmes denominated: “Building Coastal
Resilience in Cuba through Natural Adaptation Solutions” have been formulated and are
awaiting funding decisions. Again to be executed by UNDP with EU funding (Euroclima+),
e.g. GCCA+ 2017. Equally the French and Spanish Development Agencies (AFD and
AECID) will fund projects to be executed by UNDP.
NGO’s:
A few NGO’s are currently working in Cuba like Oxfam, WWF and CARE.
In relation to sustainable natural coastal development WWF (World Wildlife Fund) focuses
on land use and conservation or development of sustainable natural environments. The
areas in focus are the most vulnerable ones, especially the archipelago and the southern
coast.
Recently the head of WWF in Cuba (a Dutch citizen) stated: "To develop and lead a high
performing WWF Cuba Program that is embedded in Cuban society, is highly influential
and relevant to the country; plays a leadership role in the WWF Network; is able to shape
the conservation agenda of Cuba to deliver on WWF’s global priorities at national,
regional and global level”.
Most of the NGO’s mandate related to coastal habitat resilience and to adaptation to
Climate Change is the execition of projects of restoration of natural habitats and
promoting building with nature. In this sense NGOs will cooperate with Government
organizations, both on a national and on a provincial level.
In the case of stakeholder analysis with respect to coastal protection in Cuba related to
Climate Change, more issues are however at stake.
- The complex interlinks between Cuban research institutes
- The role of accredited donor entities and their defined programme priorities
- The programme definitions of executive Cuban organizations with external
organizations (EC, WWF, UNDP and other accredited organizations).
Donor coordination is done through the CITMA Ministry, as all projects/plans have to be
approved by this ministry for financing proposals to donor institutions.
3.5
Financial and economic assessment
3.5.1

General

Cuba is one of only eight countries in the world that are not members of the IMF. Neither
it is associated with the IADB nor with the World Bank and cannot access financial aid
from the EIB (European Investment Bank). This fact makes that cooperation on a
programme or project basis is limited in a financial sense. In relation to CC; the recently
signed PCDA with the EU, facilitates the dialogue and cooperation and can be seen a first
step, but it does not (yet) give access to larger financial possibilities. Cuba's diplomatic
strategy has recently more and more evolved where the country is looking for new allies.
As stated in Chapter 1.1, The EU is Cuba’s second-largest trading partner after
Venezuela, which however is currently fading very rapidly. In 2017 Cuba exported goods
worth around € 500 million to the EU8. Companies from EU member states are already
major investors in Cuba, above all in the areas of tourism, construction, light industry
and agriculture. About one-third of the island’s tourists comes from the EU. And Europe
8

European Commission Directorate for trade: Updated Dec. 2017
http://trade.ec.europa.eu/doclib/docs/2006/september/tradoc_122074.pdf
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is also an important source of development funding. Between 2008 and 2014 the EU
supplied about €90 million for development cooperation with Cuba, the priorities being
agriculture and food security, environmental and climate protection, and supporting a
sustainable economic and social modernisation9. On the other hand, Cuba is not of great
economic significance for Europe. Its share of the EU’s total external trade is just 0.1
percent, with exports of more than € 2.1 billion in 2017, above all machinery and
transport equipment, chemicals and manufactured goods. A generalized trade balance in
goods/merchandize with the EU for 2017 results for Cuba in a negative figure (-1.6 billion
Euro). However, services, especially those in the travel & tourist branch, contributed
some 8.8 billion dollar in 2016. A rise by 4.7% /yr to CUC (US$) 14.4 billion is to be
expected. The damages caused by hurricane Irma's impact on tourism are not exactly
known but it has had serious impact on the economy where some $3 billion dollar per
year is generated by a sector that was showing promising growth and hopes to retain
this.
Both CAF and CABEI, as sub-regional banks, provide members with financing for a wide
assortment of development projects. The Latin American and Caribbean members control
both banks. Unlike other regional financial institutions such as the IADB, CAF does not
require member countries to be part of the Organisation of American States, which Cuba
left in 1962 and has, it says, no intention of rejoining. Although not a member of CAF,
CAF may also support the training of Cuban business executives at Latin American
business schools. But Cuba did effectively join the Tegucigalpa-based CABEI in August
2017. Till today no financial support for climate adaptation from these institutes has been
requested.
Financing the Climate Change Protective measures needs a first look into the country’s
own economic position. Dealing with its monetary policy, it is necessary to take into
account that in the case of Cuba it adopts particular characteristics not having a market
economy but in financial sense, a central planning policy.
3.5.2

Cuba and the EU.

The s.c. Common Position (a situation dated from 1996 and 2016, where the diplomatic
relations between Cuba and the EU were limited) is followed by the present decade
where the EU Development cooperation resumed (in 2008). In the first period until 2014,
the European Commission committed around €90 million in the fields of food security,
hurricane response and disaster preparedness, environment, climate change and energy,
culture and heritage, support to economic and social modernization as well as
management capacities.
The signing on December 12th, 2016 of the Political Dialogue and Cooperation Agreement
(PDCA) renewed and improved the cooperation between Cuba the EU. The PDCA creates
a framework for enhanced political dialogue, for improved bilateral cooperation and for
EU development assistance with Cuba, covered by the Development Cooperation
Instrument (DCI). A further €50 million has then been allocated for the period 2014-2020
to support:
1) Sustainable agriculture and food security
2) Environment: support for a better use of key natural resources for sustainable
development;
3) Support to sustainable economic and social modernization (sources: Cuba
stocktaking mission, final report EU TAF( Technical Assistance Facility)10.

9

https://ec.europa.eu/europeaid/countries/cuba_en
EU web site factsheet EU-Cuba Relations

10
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As from August 2018 the EU policy dictates that all the development programmes and
projects of the EU have to be environment and climate change mainstreamed, i.e.
environment and CC-sensitive or -focused.

3.6

Cooperation projects; foreign Investment in Cuba

Law No. 118 the “Law of Foreign Investment” establishes the types of businesses that
can be adopted within foreign investment:
- Joint Enterprises
- International Economic Partnership Agreements including, among others, contracts
for hotel management, production or services, contracts to provide professional
services, risk contracts to explore non-renewable natural resources, for
construction and for agricultural production
- Enterprises with 100 % Foreign Capital; foreign investors can set up on national
territory as:
a. Natural persons acting on their own behalf
b. Juridical persons constituting a Cuban affiliate of the foreign entity which they
own.
c. Juridical persons setting up a branch of a foreign entity.
At the close of 2016, International Economic Partnership Agreements have been set up
as the preferred modality, for 50% of the total (within these agreements the hotel
management agreements outnumber the rest). Joint enterprises follow at 46%
(excluding businesses in the Mariel EDZ). Accordingly, the most attractive sector for
foreign capital in Cuba has been tourism, followed by mining and energy activities and
industry. General Foreign Investment Policy Principles in Cuba are well described in the
“Portfolio of opportunities for foreign investments 2017-201811
International agreements have been signed by Cuba with the Latin American Integration
Association (ALADI), the Caribbean Community (CARICOM), the Bolivarian Alliance for
the Peoples of Our America (ALBA), the MERCOSUR, the European Union, the World
Trade Organization (WTO). It is very interesting to start a cooperation project, e.g. joint
research, testing of systems or knowledge development in Cuba. Starting up these kind
of projects is not always considered as easy.
Renewable energy.
Although Cuba is a small polluter compared to many other nations, it has defined
renewable energy (transition) as an issue for counteracting climate change, as stated in
the State Plan Tarea Vida (Project Life). To this extend the EU, together with the Cuban
authorities, developed a Support Program to Cuba’s Energy Policy.
The program consists of a budget of Euro 18 million from the Multi-annual Indicative
program 2014-2020, and has the following objectives:
Objective 1: Interchange of EU-Cuba experts for the promotion of renewable energy
sources and analysis of energy efficiency in Cuba (MEP/INIE).
Objective 2: Support the implementation of the Programme for Energy Management
and Conservation, including Energy Efficiency.
Objective 3: Support local development enhancing the access of rural communities to
renewable energy, while encouraging efficient energy consumption
(UNDP/ONUDI).
The above program is still pending, needing the necessary ratification of financing
agreement and contract signatures, but is expected to start in the last quarter of 2018

11

http://media.firabcn.es/content/firacuba/documents/Portfolio%20of%20opportunities%20for%20foreign%20investment%202017-2018.pdf
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and will last for 5 years. The program is suitable for universities and research institutes.
Part of the budget will be managed by the UNDP and by EU member state agencies.
RVO commissioned TNO to be present at the “Cuba Sustainable Energy Forum” in
February 2018. Their report 12 is available through the RVO website.

3.6.1

Cooperation modalities of both the EU and The Netherlands with Cuba on
Climate Change related projects.

The only present program (non-agricultural; ongoing and proposed) in an EU context,
where technical/natural solutions for coastal adaptation in view of sea-level rise and
Climate Change are ongoing or in preparation, is showed in Table 3.
Apart from these project the “Directorate-General for European Civil Protection and
Humanitarian Aid Operations” (DG-ECHO) provides financial aid to NGOs and other
organizations on the basis of Framework Partnership Agreements (FPAs). EU’s GCCA+
flagship initiative supports adaptation and mitigation and disaster risk reduction efforts
for building resilience to climate change. It targets mainly Least Developed Countries
(LDCs) and Small Island Developing States (SIDS) that are recipients of aid in line with
the official OECD Development Assistance Committee List of Official Development
Assistance Recipients and the United Nations list of SIDS.

Ongoing Projects (environment/agro/food) :
Project

Beneficiary

BASAL:
Environmental bases
for sustainable local
food secutity

UNDP

Cuban
counterpart

CITMA
AMA

Financing Instrument

Location

MULTI ANNUAL
INDICATIVE PROGRAMME
2011-2013

Several
Provinces and
villages

EU
contribution

Start
End

comments

7,650,000
(from a total of
12 million)

22/09/2012
30/06/2020

Cofunded with
COSUDE –
SWISS
cooperation
agency

Total cost

EU contribution
(EUR)

PROGRESS

5,000,000

Pending eu
approval and
implementing
decision and
contract
signature

Projects in preparation: Environment and food security; Strategic support
Title
GCCA+ 2017
Building Coastal
Resilience in Cuba
through Natural
Adaptation Solutions

Beneficiary

UNDP

Contraparte
Cuba

CITMA
AMA

FINANCING
INSTRUMENT

Location

Villa Clara
Thematic Instrument Sancti Spiritus
DCI – ENVIRONMENT Ciego de Avila
Camaguey

5,000,000

Table 3. EU financed projects on environmental issues with CITMA/AMA
Different EU member states and non-EU member states have development agencies that
work within Cuba e.g.: Switzerland, France, Spain, Canada, China and Mexico. One of the
bigger ones is COSUDE the development agency from Switzerland. Through UNDP as
executing organization with funding by LAIF/AECID (Spain) and AFD (France) a Disaster
Risk Reduction component is prepared with emphasis on resilience in terms of strategic
support of food security in coastal areas. The development agencies can provide funding
for cooperation projects with Cuba that contribute to their program objectives. As stated,
UNDP is an efficient organization in obtaining funds for Climate Change Adaptation
Programs from a variety of funding institutes (like GEF, GCF, EC and AF) and cooperation
programs with countries like Switzerland, Norway, France and Spain.

12
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Cuba and UNDP (PNUD)
UNDP, as accredited organization in Cuba, plays an important role in both obtaining
funding and in the execution of projects related to Climate Change relief works. UNDP’s
focus is always on resilience of people, meaning that they will not be involved in hard
coastal measures. At the very moment the Adaptation Fund currently funds (Decision 20
February 2014) a US$ 6 million project in Cuba implemented by the UNDP to reduce
communities’ vulnerability to coastal flooding through ecosystem-based adaptation. This
is mainly done in the in the Artemisa and Mayabeque Provinces. All projects, as stated
above, both ongoing or in preparation, are setup in close coordination (supervisison) with
Cuban ministries and institutes (see also chapter 3.5.1)
The Netherlands Financial Instruments for Cuba
The Netherlands has various subsidy and funding instruments for which Cuban
stakeholders would be eligible. In the framework of bilateral coastal defence cooperation
these instruments are however quite limited.
The instruments are administered mostly through the Netherlands Enterprise Agency
(RVO). Most of the instruments are based on introduction of innovative (Dutch)
technologies in the water sector, joint development (and funding) of projects, creation of
local commercial activities.
Open for Cuba are subsidies for cooperative demonstration projects, feasibility studies
and investment-preparation studies (DHI Program) by Dutch firms/institutions. This can
be done through capacity development programs between governments or knowledge
institutions. Other opportunities include trade missions, impact clusters, research studies,
trade fairs and (training) seminars. Typical contribution to projects range from USD
10,000 – max. USD 200,000. Sector focus is not limited to water, but focuses on
sustainable programs with local impact.
“Partners for Water” Subsidy Program
Just for the purpose of clarification this subsidy program is mentioned in this report. The
program specifically aims at the introduction of new Dutch technology or stimulate
innovations in developing countries, with a emphasis on urban deltas. Specific emphasis
is on water security, water access, nexus of nutrition and ecological systems, water
quality, governance and climate change. However, for the La Habana Province, focus of
the DRR mission, no support can be obtained from this program as no typical urban delta
environment is present.
Concluding remarks:
On the basis of the above it is clear that social and resilience projects in Cuba, with
emphasis on a sustainable agriculture/ food security, small drinking water and sewerage
projects for some villages and renewable energy, are funded by the European
Commission, Norway, Switzerland, France and Spain. Amongst the most important
executing organizations is UNDP, always co-partnered with Cuban institutes/ ministries.
Projects on hard coastal engineering (excluding those on restoration of habitats) are not
proposed by the Cuban Governmental organizations nor by the most important funding
agencies. The scientific research on coastal adaptation and mitigation measures related
to Climate Change is largely executed but implementation or planning of projects does
not (yet) take place.
To start cooperation projects within Cuba, third party funding is almost a necessity.
Before projects can be started funding is necessary to cover the phase of project
identification and the development of a joint project plan.
1.
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Existing relations between UNDP in Cuba and Dutch organizations provide also
possibilities in the framework of the upcoming Programme (see Table 3). This is a good
sign for further cooperation on coastal engineering between The Netherlands and Cuba.
This might be the first step towards coming closer to project implementation with Dutch
expertise. A long way, both in time and financial sense, is still ahead.

1.
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4

RECOMMENDATIONS AND PROPOSED FOLLOW-UP ACTIVITIES

4.1

Overall Scope

All potential contributions and measures of involved parties are recommended to be
incorporated into an overall Climate Adaptation Action Plan, for Cuban coasts and cities
setting priorities to certain measures and formulating missing steps to obtain the overall
goal.
For such a mitigation plan we recommend to involve all stakeholders related to urban
water management and physical planning. If known which incidents should be mitigated
and which lead time is available, all parties may contribute their part, resulting in
effective and cost-effective measures.
We recommend carrying out a Multi-hazard assessment, followed by a risk assessment.
Risk assessments are objective useful tools to identify most vulnerable areas and for
reducing those risks. Risk is, by definition, the product of hazard, exposure and
vulnerability, see the figure below. Hazard is the probability that an event of a certain
magnitude and with a negative impact (e.g. inundation) will occur. In the case of Cuba
three main categories of hazards should be evaluated: coastal, pluvial and fluvial hazard.
Finally we recommend step wise implementation of the overall plan, in order to address
the most urgent problems first, remain within available resources, limit nuisance, and
learn from experiences to improve for the next (set of) measures.

4.2

Structural and non-structural measures

The DRR-Team, in view of all sessions held and site visits paid to the La Habana urban
and province coastal areas recommends the following structural and non-structural
measures:

1.
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4.2.1

Malecón

The present way of thinking in most involved institutions is quite sectorial. At the
moment the solution for the wave overtopping is sought in a better coastal protection for
the Malecón of Havana. This might result in sub-optimal situations, with expensive
measures and continued nuisance. We recommend a more integrated approach involving
all sectors related to urban water management, spatial planning and flooding.
For the Malecón the following measures are recommended to investigate. The
recommendations are related to (A) dealing with the excess water, (B) reducing the
inflow from land, (C) reducing the inflow from sea, (D) Reducing the vulnerability and (E)
Reducing the coastal hazards.
A. Dealing with excess water
1) The present urban drainage conducts (box culverts) are afflicted by rocks, dirt
or even remnants of concrete structures. We recommend a program to clear
the drains, which would result in significantly higher discharges so less
inundation time.
2) Enlarging the drains in the highly urban environment could be very costly. We
recommend investigating for which low lying zones temporary pumping
through the existing drains (with a velocity 3-10 times higher) could reduce
inundation time significantly.
3) We recommend investigating at which locations it might become necessary to
construct additional drains, or increase existing ones.
B. Reducing the inflow from land
1) Since the most frequent inflow is rain related, reducing inflow from upstream
areas coming from the southern hills is of utmost importance. This could also
involve diversion of flows to less vulnerable areas.
2) Measures to capture rainwater e.g. on roofs or gardens or stimulate infiltration
into the underground (e.g. at sports grounds) should also be mentioned, but
impact of these will probably remain relatively small in the short term.
3) Sufficient capacity of the drainage sewerage system should be ensured to
guarantee that no sewage or mixed connection flow will be added to the
surface water system during inundations.
C. Reducing the inflow from overtopping sea water
At present most sea water in the lower urban areas behind the Malecón comes from
overtopping water of the sea wall (and from excess precipitation, see B). This excess
water can only be removed by the urban’s natural or artificial drainage system.
Therefore the DRR-Team recommends for the different Malecón sections / locations
the following feasibility studies:
1) Upgrade the boardwalk with a slope towards sea instead of towards land, with a
raised edge (curb) at the road side and improved drainage of overtopping water
towards sea.
2) Upgrade the east-west driving lanes with a slope towards sea instead of towards
land, with a raised edge (curb) at the other driving lanes side and improved
drainage towards sea.
3) Upgrade the west-east driving lanes with a slope towards sea instead of towards
land, with a raised edge (curb) at the housing side and improved drainage
towards sea.
4) Fit non-return valves at surface water drains from low zones where high sea
levels may cause inflow of sea water.
5) Reduce sea water inflow through demountable barriers at the perpendicular
roads (flood boards) - to ensure water remains on the Malecón - with improved
drainage towards sea. These barriers could include self-raising, manually
installed or machine operated flip-up systems.
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6) Reduce inflow to special protected zones (e.g. historical sites) through
demountable barriers at all incoming roads to ensure no water enters the
protected zone, with improved drainage towards sea.
7) Investigate how to make the area of the Malecón greener, e.g. with salt-water
resistant plants. Less concrete and more roughness due to the plants may
reduce the inflow to a small extent, but could be beneficial for the area.
Examples of non-return valves, demountable and retractable street barriers are shown in
Photos 13 and 14.

Photo 13 . Demountable and flip-up flood barriers

Photo 14. Examples of HDPE and steel non-return flap valves.
D. Reducing the vulnerability
1) During renovation works, make houses more resistant to flooding. e.g. by
moving main functions to the second floor.
2) Make it obligatory for new buildings in flood prone areas to be flood resistant,
e.g. by elevating houses.
E. Reducing the coastal hazards
When sea levels are rising, the solutions proposed above might not be sufficient to
reduce the risk. Therefore, it is recommended that coastal solutions should be
developed further for the mid- and long-term. CIH already proposed a set of
coastal measures. It is recommended to evaluate these measures for the midand long-term. This can be done efficiently after a multi-hazard and risk
assessment has been done.
Start application of CODES / CoastalFOAM to evaluate the effectiveness of coastal
protection measures instead of using physical model tests. Existing laboratory
tests can be used to calibrate the model. However, it is recommended to test the
final design in physical model facilities.
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4.2.2

Sandy coast

Erosion is a problem in the Habana province. In general, possible measures to reduce
erosion are:
 Sand nourishment – with this method eroded sand is replaced by new sand. This
method requires the availability of sufficient volumes of suitable sand at not too
large distances from the problem area. This method has already been applied
along the coast of Cuba.
 Coastal structures to retain the sand, such as groynes. This type of measure
should be used with care since they may have considerable adverse effects on
coastal sections located down drift of the protected areas (leeside erosion). These
solutions are often applied in combination with sand nourishment. This type of
combined protection has been applied only on a very small scale along the coast
of Cuba.
 Coastal structures to fix the shoreline, such as seawalls or revetments. With this
method no beach is present. Also with this method leeside erosion is likely to
occur. This type of protection is already applied at several locations along the
Cuban coast, for example at Havana.
 Dune vegetation – This does not affect the erosion of the beach, but it can slow
down the erosion of the dunes.
The use of structures such as groynes is not considered a promising option for the
northern beaches, since the problem areas are relatively long (extended). As a result it is
expensive to fully protect them by means of a scheme of structures. If only parts of the
coastal stretch would be protected by groynes this would result in leeside erosion along
unprotected sections down drift (west) of the protected sections. Moreover, the wave
incidence along the coast is rather oblique, making the situation unfavourable for the
creation of equilibrium beaches. Moreover, schemes with structures (often groynes) only
mitigate the effect of gradients in the longshore transport, and are less effective to
mitigate other erosion causes such as severe events and sea level rise.
For the considered northern beaches regular beach maintenance in terms of sand
replenishment is considered the most suitable option. Given the concentration of
relatively large high value problem areas in close proximity of each other, these beaches
are potentially suitable for large scale sand replenishment operations. Near most of the
erosive areas also areas with some accretion are present. It may be considered whether
some sand can be taken from accreting area and placed in eroding areas.
It is recommended to deal with the erosion in a large scale integral approach, taking into
account long-term solutions for erosion and shift the focus from hotspot areas to a larger
stretch of coast.

4.2.3

Flood forecasting

For mitigation measures like evacuation or flood gates it is practical to be able to make
flood forecasts of a certain area in case of an extreme event. We have seen that ICIMAR
and the Meteorological institute have different forecast models in place. It is
recommended to develop a model train to be able to forecast the inundation for a certain
area during an extreme event. Figure 13 gives an example of a possible model train. For
the forecast of inundation it is recommended to take into account all relevant processes
like local wind-induced setup, precipitation, tides and surge and wave-driven flooding.
Semi-advanced inundation models like SFINCS are able to model inundation relatively
fast, which makes it possible to evaluate different scenarios in a short time.
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Figure 13.

4.3

Timeline & Planning Follow-up

The following short term recommendations are formulated to enhance the chances to enter the road
towards development as indicated above.
Flood impact reduction
1. Organize a several day Mitigation Workshop to discuss with all stakeholders what should be
mitigated, and what goals should be set for the short, medium and long term. During the
mission the DRR team got the impression that Cuban authorities/Institutes have an open
mind towards the possibility of having the workshop. The Netherlands Embassy is taking up
this possibility (with aid of the Netherlands Special ENVOY on Water Affairs) by approching
the individual involved Cuban entities. In this respect the needed integration of urban
dranage modelling from IHE-UNESCO with coastal modelling should be mentioned.
2. Carry out a Multi-hazard Assessment and risk assessment with urban and coastal models.
3. Prepare a first draft Climate Adaptation Action Plan, for Cuban coasts and cities for the year
2050, with priority works for the first 5 years.
4. Prepare feasibility studies for the components of the first 5 year implementation plan.
5. Design and implement feasible improvement measures through the yearly governmental
realization plans.
6. Dutch companies can assist in this process by:
 Providing training, e.g. numerical modelling, building with nature, stakeholder
involvement etc.
 Present different developed tools to involve stakeholders. One example is the Circle
stakeholder tool, developed in the Netherlands, that can assist in analysing and predicting
cascading effects between different critical infrastructure networks and can be elaborated
during a stakeholder workshop.
https://www.deltares.nl/app/uploads/2015/04/Productblad-CIrcle.pdf
 Assisting or carrying out Multi-hazard and risk assessments. For example for the European
project Risc-Kit (http://www.risckit.eu) a powerful methodology has been developed to
quickly assess risks and help decision making.
 Providing testing facilities for coastal or inland measures either numerically or with
physical modelling.

4.4

Financing

As the present reports states; resolving the Malecón inundation problems in a sustainable
way with offshore (detached) artificial wave energy dissipating barriers is a medium to long
term process where financially large sums have to be invested (several hundreds of millions
of Euros). This is, considering the present Cuban economy and their status on international
financing, not feasible at the moment. A gradual approach with progressive financing is
therefore at stake. The same gradual approach is also valid for the curved wall solution
along the Malecón sea wall as presented by CIH. A cost-benefit analysis will also be needed
especially when the project is phase-wise implemented; all in accordance with the planning
phases and piloting before implementation as shown as an example in Figure 17.
Based on the above the DRR-Team investigated the possibility for structural no-regret
solutions. These solutions, as presented in chapter 4.2, are feasible in a financial sense
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to be implemented at short term and can have an immediate impact on the reduction of
inundations at the Malecón and its direct urban hinterland.
Beach nourishment and mangrove restoration as structural measures are also feasible
within the present Cuban financial status and the existing external funding. These
measures take already place and will have to be continued for the next decades with
regards to sea level rise and Climate Change.
Last but not least; given the present financial status (in an international context), one
could consider to build up capital for the medium to long term necessary measures as
discussed in chapter 3.5. This might be accomplished (to some extend) through own
progressive reservation of capital, for instance taxes levied from the yearly (and fast
growing) tourist industry.

1.

DRR-TEAM MISSION REPORT CUBA

October 2018

45

5

ADDED VALUE OF DUTCH EXPERTISE

In the Netherlands the Dutch have been living with the water for over two thousand
years. During those two thousand years we developed a broad range of possible
solutions. Solutions that not only work, but also make the area more attractive to live, to
work, to stay and strengthen its ecological resilience. And during those two thousand
years we also made mistakes. Mistakes where we have learned from and today also
other countries like Cuba can benefit from those lessons learned. The Netherlands can
offer extensive knowledge and experience in the field of coastal water technology,
especially those focussed on urban resilience. Knowledge of design and technology, but
also knowledge with regard to approach and administrative implementation /governance.
See: https://www.helpdeskwater.nl/secundaire-navigatie/english/water-and-safety/
From this brochure, the folder Coastal Genesis (and Safety) and the indicated steps to be
taken can be of importance for Cuba’s policy makers, see Figure 17.

Figure 17. Knowledge for a safe coast; brochure from the Dutch Ministry of Infrastructure
and Water Management regarding planning phases and piloting before
implementation.
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6

COLLECTED INFORMATION DURING THE MISSION

The AMA institute of the CITMA Ministry was the most important organization during the
DRR mission in Havana, Cuba. This institute gave presentations, organized the fieldtrips
and answered questions when posed. The DRR Team collected as much information as
possible through discussions and in the field and was provided with digital copies of
presentations. This is also valid for the information received from the CIH institute from
the CUJAE university. Unfortunately the INRH (National Hydraulic Institute), responsible
for all urban and inland water resource and management issues, could not be present
during mission discussions. This institute plays a key role regarding urban drainage and
as such is of vital importance when the DRR Team suggested improvements to the
Malecón drainage situation to mitigate flooding of the Malecón hinterland area during
extreme weather. Especially knowledge of the urban drainage network (in size and in
place) is important to elaborate the ideas and no-regret measures as presented by the
DRR-Team. In that respect is also important to have better information from “Aguas de la
Habana” that, with INRH institute, has all the details of the drainage and sewerage
networks in Havana.
The data the DRR Team did receive from the Cuban counterpart plus the info gathered
during the field trips is certainly not enough to assess a more elaborated analysis on the
mitigation master plan for coastal defence. The AMA institute of the CITMA Ministry has
carried out a lot of scientific research on the Cuban coast related to climate change
induced issues and related extremes. On this scientific basis, a first opinion could be
formed resulting in recommendations for the short term measures that can be taken, as
presented in Chapter 4. However, it is clear that Cuban Ministries and related institutes
do not have sufficient defined horizontal interlinks, needed to come to stakeholder
agreements as an important part of the Master planning process (e.g. for the Malecón
structural improvements and offshore wave energy dissipation structures). In this respect
it is important to show to them the Dutch experience to come to project definition and
implementation. But, the organization of the Cuban State differs from that of The
Netherlands which makes it necessary (but certainly possible) to adapt a stakeholders
review and consent by mutual sharing of information in a Cuban setting (laws, bylaws
and decrees).
With the collected information during the mission the DRR was able to propose short
term mitigation measures that were accepted by the Cuban Authorities in the final DRR
presentation session on July 23rd 2018.
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ANNEX A – DRR-TEAM
Dutch Risk Reduction Team: reducing the risk of water related disasters
Many countries around the world face severe water threats. Often, these countries are in
urgent need of expert advice on how to prevent a disaster or how to recover from a
calamity. For instance, when a country has been struck by severe flooding and the first
emergency relief workers have gone, the need for advice on how to build a sustainable
and safer water future arises. To meet these needs with a swift response, the Dutch
government has initiated the Dutch Risk Reduction Team (DRR Team). This team of
experts advises governments on how to resolve urgent water issues related to flood
risks, water pollution and water supply, to prevent disasters or to rebuild after water
related disasters. With climate change and a fast growing world population, water issues
are becoming more urgent. As a country renowned for its’ expertise on water and delta
management, the Netherlands feels a responsibility to share its’ knowledge worldwide.
That is just what the DRR team does; sharing expertise with governments to come up
with the best possible approach/solutions for tackling urgent water issues. Because of the
unique cooperation between government and sector, the best experts can be fielded
quickly. The Dutch government offers a specific number of advisory missions each year.

Advice for all water issues
The Netherlands has brought its best water experts together in the Dutch Risk Reduction
Team. It consists of high level advisors supported by a broad base of technical experts
who can provide top quality and tailor made expertise to governments that are
confronted with severe and urgent water challenges. The Dutch are experts in adapting
to water in a changing world; from delta management to water technology, from urban
planning to governance, public private partnerships and financial engineering.

How does the DRR-Team work?
Governments that have to deal with an urgent water issue are encouraged to contact the
Dutch embassy in their region. The embassy will liaise quickly with the Dutch
government. Interventions will only take place after a request from a central government
has been received by the Dutch government, and after a recent calamity or to prevent a
threatening disaster. The DRR team does not focus on emergency relief, but on
sustainable solutions. If the decision to respond to the request is made, relevant Dutch
experts will be rapidly fielded to the area that is under pressure. Together with the
government and local experts, the situation will be assessed and analyzed after which
the team will come up with a set of recommendations. For example advice on technical
interventions including immediate measures and long term sustainable solutions, advice
on governance and advice on financing options. The DRR team enables a foreign
government to take action on the basis of sound advice and expertise.
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ANNEX B – TEAM MEMBERS
Marinus Pool: Team leader DRR
Marinus Pool is a independent international consultant on river basin management and
coastal protection. He studied Geology (geomorphology) at the University of Leiden after
which he studied Civil Engineering at Delft University of Technology. He has a long track
record on projects related to water management and infrastructural projects. He joined
the international dredging and marine construction company “Royal Boskalis
Westminster” for 15 years (mostly on projects in South America) before and after which
had many short and long term assignments with the European Commission and the
IADB. He just finished an important assignment for UNDP as infrastructural consultant on
Sint Maarten after hurricane Irma hit the island in 2017 (a few days before Cuba was hit)
and experienced the effect on structures and infrastructure from forces on and near the
coast that can result from hurricane speed winds.

Joana van Nieuwkoop: Team member DRR
Joana van Nieuwkoop (Deltares) has over 10 years of experience in the field of wave
modelling and hydraulic engineering. Her experience is based on research and
consultancy activities. During her Master's degree study at Delft University of Technology
she travelled to Cuba for research at the CIH of the CUJAE university on the effects of
hurricanes that hit Cuba and to propose Integral coastal defence design and coastal
defence measures to protect section 4 of the Malecón and introduce hurricane generated
hydraulic boundary conditions. She started working at the consultancy company
Witteveen+Bos, where she gained experience in various coastal engineering topics, from
modelling sediment in rivers to making flood risk maps in the Netherlands. From 2010
she joined Deltares and focused her expertise on nearshore wave modelling, participating
as project leader and team member in research and consultancy projects, mainly
directed at on-going development of the spectral wave model SWAN, assessing methods
to derive hydraulic boundary conditions according to Dutch Flood Risk policy and
resilience to climate change.

Arend Jan van de Kerk: Team member DRR
Arend Jan van de Kerk is a senior Design Engineer with Royal HaskoningDHV (RHDHV)
and has a long track record of international consultancy with both WHO and RHDHV. He
holds a MSc. in Civil Engineering, Hydraulics and Hydrology, from Delft University of
Technology. He carried out designs and implementation works related to early warning
systems for reservoirs in several catchments, sanitation projects and feasibility studies
on drainage improvement and flood control. Furthermore design of system optimizations
including irrigation reservoirs, detention weirs, new and enlarged canals, improved
embankments, new pumping stations, outlet sluices, prevention of salt intrusion. He had
assignments in several countries like Belize, Colombia, Trinidad & Tobago for a variety of
organizations like the World Bank, the Dutch Ministry of Public Works and Water
Resources and Dutch- and Local Water Boards. He is responsible for content of products,
technical coordination, guidance to external investigations, control of scope, cost
calculations, risk management, licensing, planning and reporting.
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ANNEX C – TERMS OF REFERENCE
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ANNEX D – MISSION PROGRAMME
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ANNEX E: People encountered during the Mission
Representatives of International Organizations:
- Mr. Juan Garay; Head of cooperation: Delegation of the European Commission in Cuba
- Mrs. Lucía Lacalle; Attaché with the Delegation of the EC; sector Development
Cooperation Environment and Climate Change
- Mrs. Consuelo Vidal; Resident Coordinator United Nations in Cuba.
- Mrs. Soledad Bauza, Deputy Resident Representative UNDP
- Mrs. Gricel Acosta, Program Officer UNDP, Energy and Environment
- Mrs. Katherine Muller-Marin. UNESCO Representative for Cuba

– Ministry of CITMA, participants to the DRR Mission:
Nombre y apellidos
1 Rudy Montero Mata

Instituto
AMA

Cargo
Email
Jefe del Grupo de Evaluación de Riesgos de la rudy.montero@ama.cu
AMA

2 Jesus Guerra Bell

CITMA

Especialista Principal de la Dirección de
Relaciones Internacionales del CITMA

3 Sergio Lorenzo Sánchez

AMA/ICIMAR

Coordinador Nacional del MacroProyecto

4 Jorge Oliveiro

AMA

Especialista GIS

5 Marcelino Hernandéz
Gonzales

AMA/ICIMAR

Instituto Ciencias del mar

marcelhg2020@gmail.com

6 Jorge Olivera Acosta

AMA/IGT

Especialista del MacroProyecto

yoyiga2010@gmail.com

7 Orlando Enrique Sánchez León AMA

Jefe Proyecto Plan de Adaptación del Litoral
Habanero

orlando.sanchez@ama.cu

8 Elsa Lidia Fonseca

AMA/ICIMAR

Coordinadora Nacional de los estudios de PVR elsalidia@ama.cu

9 Isabel Torna

AMA

Especialista del Grupo de Evaluación de
Riesgos

isabeltorna@ama.cu

10 Roberto Pérez de los Reyes

GECYT, CITMA

Especialista del Grupo de Evaluación de
Riesgos

rpr2005@gmail.com

11 Prof. Ing. Luis Córdova López

CIH-CUJAE

Jefe Grupo de Investigación

cordova@tesla.cujae.edu.cu

12 Ernesto Ramón Tristá Barrera Gamma SA.
CITMA

sergio.lorenzo@ama.cu

Director división comercial Ingeniería costera trista@gamma.com.cu

Only greeted:
INRH:
Luis Barinaga
Fermin Sarduy
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Climate Change 2014; Synthesis Report; Summary for Policymakers. Final part of the IPCC’s
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La Planificación Física en la tarea de enfrentamiento al cambio climático en Cuba y NAU. Aportes
y Retos. Carlos M. Rodríguez Otero. Instituto de Planificación Física. V Fórum Urbano La
Habana, 9-11 de enero de 2018.
Peligros y vulnerabilidades de la zona marino-costera de Cuba: estado actual y perspectivas
ante el cambio climático hasta el 2100. Manuel A. Iturralde-Vinent et al. Agencia de Medio
Ambiente, CITMA, 2015 © Editorial Academia, 2015 La Habana.
El Malecón Tradicional de La Haban, Sostenibilidad de una zona urbana vulnerable. Rolando
Lloga-Fernández et al. Bitacora (2) 2017: 91–100. Universidad Nacional de Colombia, Bogotá.
http://www.redalyc.org/pdf/748/74850863010.pdf
El Malecón Tradicional; Plan Especial de Rehabilitación Integral, Regulaciones rbanísticas. Plan
Maestro-Oficina del Historiador de la Ciudad La Habana 2014. Ediciones Bolona. Oficina del
Historiador de la Ciudad de La Habana.
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International in 2012.
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