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RESUMEN. La sequía agrícola ha sido calificada como un 
“desastre silencioso” que provoca impactos considerables 
en los sistemas agrícolas: en cultivos, pastizales, ganadería, 
suelos destinados a la producción, etc. Pero no solamente en la 
agricultura, también provoca efectos negativos en la población, 
la economía y el medioambiente. Sus causas fundamentales 
están dadas por la escasez de humedad atmosférica, la 
insuficiencia de sistemas generadores de lluvia o la persistencia 
de una fuerte subsidencia, o bien, a la combinación de algunos 
de estos factores, las cuales deben ser estudiadas en el contexto 
de la circulación general de la atmósfera. En Cuba, se han 
producido diferentes eventos de sequías a lo largo del tiempo, 
que han afectado a territorios de casi todo el país provocando 
pérdidas millonarias por el impacto en la producción 
agropecuaria y ecosistemas medioambientales, razón por la cual 
se hace necesario conocer y estudiar las causas, comportamiento  
y consecuencias de tales fenómenos, con vistas a fundamentar 
políticas y estrategias de enfrentamiento y aviso temprano 
dirigidas a reducir y mitigar sus impactos y garantizar la 
sostenibilidad ambiental y la seguridad alimentaria. Teniendo 
en cuenta tales antecedentes, el presente trabajo tiene como 
objetivo mostrar el estado del arte del tema a través de algunos 
tópicos que permiten caracterizar el comportamiento de dicho 
fenómeno hidrometeorológico en nuestro país y a escala 
internacional, destacando el uso de las imágenes por satélites en 
su evaluación, las cuales constituyen una efectiva herramienta 
tecnológica para su estudio y evaluación.

ABSTRACT. The agricultural drought has been classified 
as a “Silent disaster” that causes considerable impacts in the 
agricultural systems: in cultivations, grassland, livestock, soils 
dedicated to the production, etc. But not only in the agriculture, 
this also caused negative effects in the population, the economy 
and the environment. Their fundamental causes are given by the 
shortage of atmospheric humidity, the inadequacy of generating 
systems of rain or the persistence of a strong subsidence, or, 
to the combination of some of these factors whose should be 
studied in the context of the atmosphere general circulation. 
In Cuba, different events of droughts have taken place during 
long time that have been affected territories of almost the 
whole country causing millionaire losses for the impact in 
the agricultural production and environmental ecosystems, 
reason for which becomes necessary to know and to study the 
causes, the behavior and consequences of such phenomena, 
in order to create policies and confrontation strategies and 
early warning with a view to reduce and to mitigate their 
impacts and to guarantee the environmental sostenibility and 
the alimentary security. Given this background, the present 
work has the aim to show the state of this topic art through 
a series of aspects allow to characterize the behavior of this 
hydrometeorological phenomenon in our country and to 
international scale, highlighting the use of satellite images in 
its evaluation which constitutes an effective technological tool 
for its study and evaluation. 
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INTRODUCTION

As i t  is wel l  known, the 
man from his own origin has 
always had to f ight  against 
drought effects, an extreme 
phenomenon within the natural 
climatic variability. Frequently, 
due to i ts ser ious damages 
on the people, economy and 
environment, together with the 
l imited capacity of people’s 
r e s p o n s e  t o  f a c e  t h e m 
adequately, drought reaches 
the category of disaster, even 
with dramatic dimensions (1).

I n  r e c e n t  d e c a d e s , 
i t s  g r o w i n g  i n f l u e n c e  h a s 
been considered among the 
greatest natural disasters in 
the world, since it is the most 
frequent and persistent with 
h igher  negat i ve  e f fec ts  on 
agr icu l tura l  product ion and 
real adverse impacts on the 
environmentA.

For  Cuba,  the negat ive 
i m p a c t  o f  p e r s i s t e n t  a n d 
s igni f icant  short -  and long-
term drought events occurring 
during the last decades, has 
essentially limited the efforts to 
ensure people’s welfare and a 
stable economic development, 
especially in agriculture and 
livestock (2).

Therefore, according to the 
author ’s criteria, the subject 
d i scussed  in  th i s  paper  i s 
focused on the most important 
c o n s i d e r a t i o n s  a b o u t  t h e 
behavior of drought in Cuban 
agriculture over time and the 
geo-information technologies 
that  should be used for  i ts 
eva luat ion  and moni to r ing . 

A OMM. Función de la Organización 
Meteorológica Mundial en el Decenio 
Internacional para la Reducción de los 
Desastres Naturales. no. 745, Inst. Organización 
Meteorológica Mundial (OMM), 1990, Ginebra, 
Suiza, p. 32.

This kind of bibliographic 
investigation is important and 
necessary to socialize these 
aspects in the academic and 
scientific community, even though 
just in July and August 2015 
one of the most notable drought 
events occurred in the country. 
Thus, the research hypothesis is 
based on knowing the causes and 
consequences of drought events 
in Cuba, in order to design some 
possible strategies and measures 
to combat them.

To illustrate how serious this 
research subject is, it is pointed 
out that in 30 rainfall stations 
located along the country, which 
are involved in this study, both 
moderate and severe negative 
effects recorded during annual 
accumulated rainfalls doubled 
within the normal period of  
1 9 6 1 - 1 9 9 0 ,  c o m p a r e d  t o 
t h e  p r e v i o u s  t h i r t y  y e a r s  
(1931-1960) (2).

Afterwards, quite remarkable 
effects were registered within the 
summers of 1993, 1994, 1998 
and 2000, despite that during 
this decade the most notable 
persistent deficits occurred in the 
easternmost provinces, which 
kept on reaching a drought event 
between 2003 and 2005, which 
gradually spread throughout the 
country (1).

The negat ive impact  of 
drought demanded certain water 
distribution by several alternative 
ways to nearly two million people 
and caused substantial direct 
as well as indirect losses in 
various economic sectors, severe 
environmental damages and 
countless people’s difficulties (2).

D i f f e ren t  f ac to r s  have 
influenced this situation, such 
as  ou r  popu la t ion  dens i t y 
(102 inhabitants km2) and the 
possession of less than 63 % 
agricultural area throughout 
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the country, with poor soil agro-
productive characteristics (3), 
besides limited water resource 
availability (4); all of them make 
up a scene where these events 
must be carefully addressed. 
Together with other adverse 
c l i m a t i c  f a c t o r s  t h a t  a l s o 
influence its frequency, such 
as extreme rainfalls or strong 
winds, drought can become 
an important  cause of  land 
degradation that may lead to soil 
aridity and even desertification if 
it is not controlled. By comparing 
the areas known as drylands 
in Cuba (sub-humid dry and 
semi-arid) within 1961-1990 and 
1971-2000, Cuban researchers 
cou ld  observe an increase 
of 146 000 ha (5), a fact that 
conf i rms the presence and 
magnitude of these processes.

The clear understanding 
of drought and its causes, the 
accurate perception of its danger, 
the implementation of appropriate 
measurements of prevention 
and mitigation of its impacts 
constitute the basis for the proper 
management of this phenomenon 
(1).

T h e  g l o s s a r y  o f 
Agrometeorology terms from 
t h e  Wo r l d  M e t e o r o l o g i c a l 
Organization (WMO) (6) states 
that drought, in its third meaning, 
is defined as "a sufficiently long 
abnormal dry period of lack of 
water causing a serious hydrologic 
imbalance (crop damage, water 
shortage, etc.) in affected areas".

It is a slow process of gradual 
development that is difficult to 
determine when it begins and 
ends. Its impact is variable and 
perceived according to different 
points of view. Consequently, 
s o m e  a u t h o r s B  s a y  t h a t 
"recommending a single definition 
based on several existing criteria 
is a useless task".
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According to this authorB, there 
are as many definitions of drought 
as objectives to define them.  
H o w e v e r ,  a  c o m m o n 
d e n o m i n a t o r  i n  e v e r y 
d e f i n i t i o n  i s  t h e  " l a c k  o f 
r a i n f a l l "  c o m p a r e d  t o  i t s 
"normal"  behavior.  "Normal 
r a i n f a l l "  i s  c o n s i d e r e d  a 
h i s t o r i c a l  a v e r a g e  v a l u e 
o b t a i n e d  f r o m  a  s e r i e s  o f 
certain length rainfal l  data.

A w i d e l y  i n t e r n a t i o n a l 
accepted definition of drought 
is contained among the Terms 
of Reference from the Official 
Text of the Convention Against 
Desertification (7), particularly 
i n  A f r i c a ,  w h e r e  d r o u g h t 
means "a phenomenon that 
naturally occurs when rainfalls 
h a v e  b e e n  s i g n i f i c a n t l y 
b e l o w  t h e  n o r m a l  l e v e l s 
recorded, causing a serious 
h y d r o l o g i c a l  i m b a l a n c e 
t h a t  a d v e r s e l y  a f f e c t s 
l a n d  r e s o u r c e  p r o d u c t i o n 
systems" ,  cons ider ing land 
r e s o u r c e s  a s  t h e  w h o l e 
b i o p r o d u c t i v e  s y s t e m . 
D rough t  shou ld  be  c lea r l y 
distinguished as a temporary 
phenomenon that substantially 
differs from soil aridity, which 
i s  a  p e r m a n e n t  c l i m a t i c 
fea ture .  Moreover,  a  usua l 
l i t t le  ra iny seasonal  per iod 
a l so  d i f f e r s  f r om  d rough t , 
a l t h o u g h  b o t h  c o n c e p t s 
are of ten confused or used 
i n d i s t i n c t l y .  I n  a d d i t i o n , 
drought is usually associated 
to dry regions; however, this 
phenomenon may take place 
ei ther in very rainy or l i t t le 
rainy regions of the country 
a n d  v i r t u a l l y  w o r l d w i d e . 
A g o o d  u n d e r s t a n d i n g  o f 
t h e s e  d i f f e r e n c e s  i s  v e r y 
important for the purpose of a 
proper management (1).

I n  g e n e r a l ,  d r o u g h t  i s 
usually approached from two 
different points of view: for its 
cl imatic determining factors 
( m e t e o r o l o g i c a l  d r o u g h t ) , 
t h a t  i s ,  t h e  c h a r a c t e r  o f 
atmospheric circulation, rainfall, 
temperature, evaporation, etc. 
or for its consequences, that is, 
agricultural, hydrological and 
socio-economic type. Trying to 
blend with the broad spectrum 
of approaches, researchersB 
established four main kinds of 
droughts (8): meteorological, 
agricultural, hydrological and 
social or economic type.

Meteoro log ica l  d rough t 
occurs when rainfall is much 
lower than expected over a 
wide area for a long period; 
hydrological drought  occurs 
when there is a cont inuous 
su r face  runo f f  de f i c i t  t ha t 
reaches a lower  leve l  than 
normal  cond i t ions  or  when 
u n d e r g r o u n d  w a t e r  l e v e l 
decreases; agricultural drought 
occurs when the amount of 
rainfall and its distribution, soil 
water reserves and evaporation 
losses are jo ined to  cause 
s i gn i f i can t  c rop  y i e l d  and 
livestock decreases, whereas 
socio-economic drought occurs 
when water demand exceeds 
its supply.

It is a combination between 
rainfall deficit and people or 
productive activity requirements, 
w a t e r  u s e  e f f i c i e n c y  a n d 
avai lable technology. These 
four general approaches have 
been favorably acknowledged 
by WMO and widely published.  
 

C Li, K. Drought, desertification and their 
mitigation technology in the world. Report 
of the CCL. Repporteur on Drought and 
Desertification to the Eleventh session of 
the Commission of Climatology, Inst. World 
Meteorological Organization (WMO), 1993, 
La Habana, Cuba, p. 30.

 
 

R e g a r d i n g  t h e  a b o v e 
classification of other authors (1), LiC 
states that "although the four types 
of droughts listed are distinguished 
for their own features of formation, 
the factors affecting each type are 
correlated" and he also confirms 
that "meteorological drought is 
the most important type, because 
the others are derived from it and 
particularly from poor rainfall".

Within agricultural context, 
drought "does not begin when the 
rain stops, but when plant roots 
cannot uptake more soil moisture" 
and it can be defined on the basis 
of soil moisture rather than on 
some indirect interpretation of 
rainfall records, since productive 
moisture reserve depends on 
the soil and the crop (species, 
variety, developing stage). There 
is agricultural drought when soil 
rhizosphere moisture is at such a 
level that it limits crop growth and 
production (9).

As a result, agricultural yields 
decrease, grazing conditions 
are inadequate, there is low 
profitability of agricultural works 
and investments, reduced wood 
availability for combustion, higher 
potential risk of fire in plants 
and desertification as well as 
occurrence of negative socio-
economic impacts related to 
drought, including insecure food 
supplies (9).

N o t  e v e r y  a g r i c u l t u r a l 
drought affects plants in the 
same way, its effect depends 

B Makarau, A. Sequía, Variación climática y 
Desertificación. Informe a la XI Reunión de la 
Comisión de Climatologia de la Organización 
Meteorológica Mundial, Inst. Organización 
Meteorológica Mundial (OMM), 1993, La 
Habana, Cuba, p. 55.
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on the  in tense p lant  water 
s t r e s s ,  t h e  t i m e  t h e s e 
cond i t ions have in f luenced 
the plants and the affected 
surface area (9).

W i t h  t h e  b a c k g r o u n d 
informat ion provided in the 
introduction, the first objective 
of  th is study is to highl ight 
the state-of-art of the subject 
b y  m e a n s  o f  c r i t e r i a  a n d 
expe r iences  resu l ted  f rom 
processing and analyzing an 
extensive l i terature rev iew, 
besides present ing them in 
di fferent  structures.  Having 
t h e s e  c r i t e r i a ,  k n o w l e d g e 
and exper iences,  a second 
objective has been stated that 
consists of characterizing the 
behav io r  and  evo lu t i on  o f 
t h i s  h y d r o - m e t e o r o l o g i c a l 
phenomenon main ly  in  our 
c o u n t r y.  A t h i r d  o b j e c t i v e 
i s  t o  p r o v i d e  c r i t e r i a  a n d 
e x p e r i e n c e s  o n  t h e  u s e 
o f  s a t e l l i t e  i m a g e s  f o r  i t s 
a s s e s s m e n t ,  m o n i t o r i n g 
a n d  m a n a g e m e n t ,  w h i c h 
c o n s t i t u t e  a n  e f f e c t i v e 
t e c h n o l o g i c a l  t o o l  f o r  i t s 
study and evaluation.

CLIMATIC CHANGE, 
AGRICULTURE AND 
DROUGHT

Since the beginning of the 
90s, Cuba has paid attention 
to climatic change subject, as it 
is involved in its environmental 
agenda. Investigation results 
indicate a temperature rise (1,6 
to 2,5 °C in 2100); a higher 
temperature in summer than 
expected for winter; an uncertain 
r a i n f a l l  b e h a v i o r ;  g r e a t e r 
evapora t ion  due  to  h igher 
temperature, which will benefit 
soil aridity and sea level (10).

Cl imatic change studies 
made on  b iod ivers i ty  have 
s h o w n  s m a l l  v a r i a t i o n s 
generally observed under future 
conditions in 39 geographical 
d i s t r i c t s  o f  Cu ba ;  t h a t  i s , 
according to projected scenes, 
our natural ecosystems should 
not be significantly affected but 
gradually adapted to the new 
situationD.

T h e  m o s t  s i g n i f i c a n t 
variations are described at the 
eastern districts of the country, 
part icular ly on Nipe-Sagua-
Baracoa mountainous area, 
due to the geomorphological 
and biological complexity of 
this region, which is the most 
sensitive to climatic change. 
The projected situation may 
i n d i c a t e  s o m e  e c o s y s t e m 
variations, especially because 
of its removal towards higher 
zones from Maisi-Guantanamo 
semi-desert coastal strip (11).

Global change will affect 
not only ecosystems but also 
i ts structure, which may be 
observed by  l igh t  changes 
i n  spec ies  compos i t i on  o r 
greater changes in the type of 
vegetation covering the land. 
Current models predict large 
vegetation changes for most 
Amer ica,  in  a scene where 
CO2 concentration is doubled. 
C l i m a t i c  c h a n g e  a f f e c t s 
vegetation, which in turn may 
modify c l imate. In addi t ion, 
ultraviolet rays have a negative 
effect on crop photosynthesis 
and reduce productionE.

D UNEP. Biodiversidad. UNEP: Impacto del 
cambio climático y medidas de adaptación en 
Cuba, no. FP/cp/2200-97-12, 1999, La Habana, 
Cuba, p. 32.
E  IPF. Los Cambios Globales. Los asentamientos 
humanos, el uso de la tierra y los Cambios 
globales en Cuba, Proyecto 01304089, Inst. 
Instituto de Planificación Física (IPF), 2001, 
La Habana, Cuba, p. 35.

Our climate trend has had a 
negative impact on agricultural 
activity and forests. Temperature 
rise has been accompanied by a 
reduced annual rainfall of 10 to  
20 % that have also declined 
dur ing the ra iny  season o f 
the year (May-October) and 
increased within the poor rainy 
season (12).

Climate projections and its 
effect on agriculture have been 
studied by some researchersF, 
who cons ider  tha t  c l imat ic 
conditions will lead to a higher 
potential  evapotranspirat ion 
and unfavorable hydrological 
cycle trends, with lower soil 
moisture values and greater 
degree of soil aridity, reaching 
i ts  max imum va lues a t  the 
eastern region of the country; 
bes ides ,  a  h ighe r  d rough t 
frequency, duration and severity 
is expected.

R e g a r d i n g  a g r i c u l t u r a l 
yields, several authors have 
pointed out that as a trend, 
climatic change will negatively 
affect many crops by causing 
progressive decreases along 
the  XXI  cen tu ry  (13) .  Th is 
reduction will reach values from 
10 to 25 % in most crops during 
2100  compared  to  cu r ren t 
yields. They will particularly be 
from 5 to 10 % in sugarcane 
whereas from 45 to 50 % in 
potato. Crop evapotranspiration 
wi l l  general ly decrease and 
dryland crop yields will reduce 
from 15 to 30 %.

S o  f a r  a s  p e s t s  a n d 
d i s e a s e s  a r e  c o n c e r n e d , 
projected climatic conditions 
will consequently modify crop 
behavior substantially.

F INSMET. Agricultura y Silvicultura. Impacto 
del cambio climático y medidas de adaptación en 
Cuba, Proyecto FP/cp/2200-97-12, Inst. UNEP/
INSMET, 1999, La Habana, Cuba, p. 47.
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Diseases such as late blight of 
potato and blue mold of tobacco, 
which have been very harmful 
in the western region of the 
country, will lose importance, but 
they could be replaced by other 
better adapted diseases under 
the expected conditions. Thrips 
tabacci could grow in garlic crop 
and the same may happen with 
corn moth, which is uncontrollable 
during the dry season (13).

DROUGHT AS A 
YDROMETEOROLOGICAL 
EVENT

Like o ther  a tmospher ic 
phenomena, drought should be 
studied in the climatic signal 
overlapping context of different 
frequencies, magnitudes and 
origins (intra-seasonal, seasonal, 
hyper-annual, decades, etc.). 
Refer r ing  to  such process 
complexity, which firstly causes 
drought, scientists have pointed 
out quite rightly that it can be 
linked to "the lack of atmospheric 
humid i ty,  insu f f i c ien t  ra in -
generating systems or persistence 
of a strong subsidence, or may be 
due to the combination of some 
of these factors, whose causes 
must be studied in the general 
atmospheric circulation context 
(14)."

On the other hand, Cuban 
scientistsG have stated that in 
recent decades, our climate has 
undergone notable irregularities 
as a result of "a high level response 
of regional atmospheric circulation 
to the main cl imatic system 
changes occurred at a global 
scale." The principal changes 
have been detected since late 70s, 

together with significant global 
modifications recorded in the air 
and sea surface temperatures.

Correspondingly, important 
anticyclonic regime variations 
have been testedH, I, J on the 
reg ion ,  as  a  resu l t  o f  t he 
gradual intensification of Atlantic 
anticyclonic ridge. This process 
does not f i t  rain-generat ing 
mechanisms basically during the 
rainy seasonal period.

T h e r e f o r e ,  t h e  s t u d y 
o f  a tmospher i c  c i r cu la t i on 
characteristics in Cuba under 
extreme dry condit ions from 
the 70s up to nowadays makes 
evident the prominent role of 
variations in position, morphology 
and intensity of the oceanic 
anticyclone within the lower and 
middle troposphere and Mexican 
summer anticyclone within the 
middle and upper troposphere 
under these circumstances.

I n  f a c t ,  a b n o r m a l i t i e s 
observed at speed and pressure 
surface heights as well as air mass 
vertical movement direction, 
within different tropospheric 
levels of this geographic region, 
associated with such variations, 
among other parameters, explain 
the latest and persistent drought  
processes that mainly occurred 

in the eastern part of CubaK, L, M 
(2, 11, 15).

I n  c l o s e  r e l a t i o n s h i p 
wi th a l l  these aspects,  the 
Intergovernmental Panel on 
Climatic Change, in its fourth 
repor t  (16)  ent i t led  RT.6 .2 
"Observa t ions  on  C l imat i c 
Changes," considers as a solid 
finding the fact that "droughts 
are very common since the 
70s, especially in the tropics 
and subtropics". Moreover, the 
section entitled RT.6.4.3 "World 
Projections" also considers as 
a strong finding the fact that 
"rainfall changes show solid 
large-scale patterns: rainfall 
genera l l y  inc reases  w i th in 
maximum tropical  ra infa l ls , 
decreases in subtropics and 
increases in high latitudes, due 
to a general hydrological cycle 
intensification."

This report also estimates 
t h a t  d u e  t o  a  n o t a b l e 
temperature rise, soil aridity 
and drought processes could 
be intensified and expanded, 
even in cases where rainfall 
i n c r e a s e s  a s  a  r e s u l t  o f 
h i g h  e v a p o r a t i o n  r a t e s . 

Dámaso R. Ponvert-Delisles Batista

H Brenes, M. A. y Jiménez, R. M. V. Cambios 
en la circulación general y su influencia en 
la tendencia de la precipitación en América 
Latina. Inst. Departamento de Información, 
Instituto Meteorológico Nacional, 1993, Costa 
Rica, p. 62.
I Naranjo, D. L. R. y Centella, A. A. Mecanismos 
de Circulación de la Atmósfera en la América 
Tropical. Inst. Centro del Clima, Instituto de 
Meteorología (INSMET), Ministerio de Ciencia, 
Tecnología y Medioambiente (CITMA), 1999, 
La Habana, Cuba, p. 48.
JFonseca, R. C. F. Cambios en la posición 
e intensidad del Anticiclón del Atlántico y 
modificación del régimen de las lluvias en la 
región del Caribe. [Tesis de Maestría], Instituto 
Superior de Ciencia y Tecnología de Avanzada 
(InsTec), 2001, La Habana, Cuba, 48 p.

M Rodríguez, C. M.; Pérez, A. L.; Boquet, A.; 
Favier, L.; Lapinel, B.; Centella, A.; Fonseca, C. y 
Cutié, V. Impacto, vulnerabilidad y adaptación a 
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de Las Tunas [en línea]. Observatorio Geografico 
de America Latina, 2006, [Consultado:  28 
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All these essential elements 
related to climatic change can be 
also seen as part of the current 
problem and the great challenge 
we will have to face in the future 
(16).

The imperceptible manner 
that drought shows and the 
fact that a same event impacts 
differently on various social, 
economic or  env i ronmenta l 
sectors, logically induce the 
s imul taneous generat ion of 
mult ip le percept ions of  th is 
phenomenum. Consequently, 
i t  i s  hard ly  surpr is ing  tha t 
i n t e r n a t i o n a l  l i t e r a t u r e  i s 
plenty of indexes to calculate 
meteorological,  agricultural, 
hydrological, edaphic, ecological 
and socio-economic drought, 
which are usually well-argued 
and of great theoretic-practical 
value (2).

O n  t h e  c o n t r a r y,  s u c h 
index profusion, undoubtedly 
considered subject strength, 
r a t h e r  t h a n  f a v o r i n g ,  h a s 
n e g a t i v e l y  a n d  s e n s i b l y 
i n f l u e n c e d  t h e  a v a i l a b l e 
balanced interpretation and an 
integrated approach of the risk 
that this harmful phenomenon 
po ten t ia l l y  represen ts  and 
thus to establish an accurate 
a n d  t i m e l y  a s s e s s m e n t 
o f  " D r o u g h t  R i s k "  ( 1 6 ) . 
In many countries, these drought 
characteristics have prevented 
and hindered the implementation 
of timely and accurate estimates 
o f  i t s  d e g r e e  o f  h a z a r d , 
hampering the development of 
confrontation plans, compared 
to other harmful phenomena. In 
Cuba, the most recent drought 
episodes have highlighted the 
need to strengthen the efforts to 
make integrated methodologies 
that help optimize the perception 
of "Drought Danger" and thus the 
risk-reducing plans (16).
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The country has increasingly 
favorable conditions to organize 
a good strategy and an effective 
plan against drought. The state 
and government political will is 
implemented through plans for 
reducing disasters guided by 
Board no.1 from the Chairman 
of the National Defense Council 
(17), that precisely points out 
the progressive adoption of a 
set of measures focused on 
arranging and integrally ensuring 
the activities related to drought 
confrontation, thereby reducing as 
much as possible the risk to these 
undesirable events.

T h e r e  i s  a  N a t i o n a l 
Environmental and Development 
Program in the Republ ic of 
Cuba (PNMAD) (18),  which 
was developed due to country 
needs and in response to what 
was discussed in the United 
Nations Convention to Combat 
Deser t i f icat ion in  ser iously 
drought-affected countries or 
those experiencing desertification 
(CCD) (7), a United Nations’ paper 
confirmed in 1996. This plan 
has outlined strategies so as to 
identify, coordinate and implement 
actions from national to local 
levels for fully addressing these 
phenomena. Efforts have also 
been directed to develop synergies 
along with other environmental 
conventions and meet compliance 
with international commitments 
related to this convention.

Among many preventive 
actions to face drought contained 
in the Nat ional  Program of 
ActionN, there are: the adoption 

of appropriate farming practices 
for soil protection; the introduction 
of more water stress resistant crop 
varieties, which may significantly 
reduce its effects by retaining 
water from the soil and restricting 
transpiration; improving protective 
and profitable measurements 
of water resources, as well as 
spreading accurate and timely 
information of available early 
warning systems to key sectors.

The Institutes of Meteorology 
( I N S M E T )  a n d  H y d r a u l i c 
Resources (INRH) have Early 
Warning Systems for Drought, 
which were designed by means 
of  advanced computat ional 
techniques and international 
standards required for these 
purposes. Its basic functions are to 
identify and provide early warning 
at the start of any drought event, 
keep track of its development, 
evaluate i ts characterist ics, 
estimate its possible evolution 
and determine its goal. Such 
systems are being constantly 
improved and have the basic 
technological means to regularly 
ensure its operational functioning. 
The progressive strengthening 
of available abilities to make 
rainfall seasonal predictions at 
present, based on the diagnosis 
of factors regulating climatic 
variability in the region and the 
national forecasting models, 
allows better estimates related 
to drought process evolution 
and meets various hydrological 
and agricultural interests, among 
othersO.

Despite these advances, 
current requirements demand 
that drought subject should 
be approached with a wide 
focus ,  p roper l y  s t ruc tu red 
f o r  r i s k  m a n a g e m e n t .  

O INSMET. La Sequía. Causas, Percepción y 
Enfrentamiento. Inédito, 2010, 10 p.

N Urquiza, R. N.; Peña, V. F.; Herrero, E. G. 
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la Desertificación y la Sequía. III Informe 
Nacional de la República de Cuba, Inst. Agencia 
de Medioambiente (AMA), Ministerio de 
Ciencia Tecnología y Medioambiente (CITMA), 
2006, La Habana, Cuba, p. 49.
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Therefore, other parameters of 
ecological, edaphic and socio-
economic  pro f i les  must  be 
gradually considered, besides 
some climatic and water aspects, 
in order to identify in advance 
more prone and vulnerable 
areas.

Studies on drought hazard, 
vulnerability and risk with this 
new approach are underway and 
will provide a relevant tool to 
planners and decision makers. 
Wi th in  the c l imat ic  change 
context, those actions aimed at 
reducing drought effects must be 
simultaneously coordinated with 
the implementation of strategies 
and adaptive measures carried 
out by this other concept and 
adjusted to their actual physical, 
environmental, economic and 
social dimensionsO.

MORE STRIKING 
DROUGHT PROCESSES 
IN CUBA FROM 1960  
TO 2005 AND ITS 
CAUSES

To understand the origin 
of drought processes in Cuba, 
it must start by the fact that 
c l ima te  in  recen t  decades 
h a s  u n d e r g o n e  n o t a b l e 
modifications, as a result of a 
high level response from regional 
atmospheric circulation to the 
main climatic system changes 
occurred at a global scaleG, 
which substant ial ly provoke 
adverse impacts on economic, 
social and environmental fieldsG, H.

I n  p a r t i c u l a r ,  s e v e r a l 
a u t h o r s  h a v e  p o i n t e d  o u t 
t he  an t i c yc l on i c  i n f l uence 
o n  t h e  r e g i o n  c a u s e d  b y 
A t l a n t i c  a n t i c y c l o n e  r i d g e 
intensification, a process that 
consists of a gradual increase in  
the East zonal current intensity, 
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a ffec t ing ra in fa l l -produc ing 
mechanisms,  main ly  dur ing 
the rainy seasonal period, due 
to increasing low atmospheric 
currents and decreasing high 
atmospheric currents, which 
is c losely l inked to cl imat ic 
variabilityG, H, I, J.

The most notable changes 
in the anticyclonic influence 
characteristics of the area have 
been detected since the middle 
of the 70s, together with the 
presence of s igni f icant and 
sustained positive anomalies 
in the air surface temperatures 
a t  a  g loba l  l eve l  and  sea 
temperature in  the t ropical 
region. In this sense, INSMETI 
h ighl ighted the progressive 
and marked penetration of the 
ocean anticyclonic wedge into 
Cuban archipelago at low and 
mid t ropospher ic levels,  as 
well as a greater influence of 
Mexican summer anticyclone on 
the troposphere; these aspects 
require further attention, so as 
to determine the main causative 
agen t s  o f  seve re  d rough t 
processes that occurred in Cuba 
and particularly in the eastern 
region of the country within recent 
years.

In  Cuba,  moderate and 
severe drought events doubled 
during the normal period of 1961-
1990, compared to the previous 
period of 1931-1960 and within 
the 90s with notable losses (1). 
Meanwhile, between 2001 and 
2005, there was a significant 
rainfall deficit in the eastern 
region of the country, following 
1997-1998 hydrological deficits; 
however, such deficit started at 
the beginning of the 90s during 
the rainy seasonal period and 
Las Tunas was the most affected 
province.

In this region, the increasing 
degree of soil aridity within recent 
years together with the behavior 
of projections as a result from 
applying climatic change models 
to Cuba explain the cause of 
serious and persistent drought 
events during 2003-2005 period, 
classified as the most intense 
over the last 100 years in the 
country, with dramatic impacts 
on agricultural activities, fishery, 
environment and people living in 
the territories, who essentially 
lost available drinking water; 
t h u s ,  t h e i r  r e a c t i o n  w a s 
immediate with quick, temporary 
and def in i t ive responses to 
reduce the situation created in 
those damaged territoriesM.

T h r o u g h  t h e  r e s e a r c h 
project from United Nations 
Development Program (UNDP) 
entitled "Capacity Building for 
Stage II of Climatic Change 
Adaptation in Central America, 
Mexico and Cuba", a scientific 
study was developed on drought 
phenomenon in  Las  Tunas 
province, located in the eastern 
part of the country that was the 
territorial case of study. During 
th is  research development, 
some analytical methodologies 
were enhanced in  order  to 
s p e c i f y,  t h r o u g h  a  b r o a d 
participatory process, the level 
of impact and vulnerability in 
rural and population sectors and 
determine the response capacity 
existing in each analyzed sector 
and the territory as a whole.

I n  t h i s  p r o v i n c e ,  t h e 
def ic i t  rate recorded wi th in 
h y d r o l o g i c a l  y e a r s  f r o m 
1991 to  2005 accumula ted  
1300 mm;  then,  there  was 
an annual rainfal l  regime of 
1038 mm which constituted an 
absolute record.
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The drought  event  that 
started in May 2003, which 
affected most of the country 
until May 2005 (four consecutive 
seasonal periods), recorded the 
lowest rainfall values over the 
latest 100 years in Cuba, mainly 
in the eastern region. Such event 
affected significant areas of the 
eastern provinces within 2005 
rainy seasonal period; meanwhile 
there were plentiful rainfalls for 
most of the country, resulting 
from the direct influence of the 
tropical storm Arlen in June and 
hurricane Dennis in July, as 
well as the close influence of 
hurricanes Katrina in August, 
Rita in September and Wilma 
in October, over the most active 
cyclone season of the Atlantic and 
Caribbean historyM (2).

Along with the recurring 
occurrence of drought events on 
the eastern region of the country, 
there was a slight expansion of 
dry lands (semiarid and dry 
sub-humid) when comparing 
the annual performance of soil 
aridity index (P/E0) in Cuba, 
during the normal periods of 
1961-1990 and 1971-2000. 
T h i s  e x p a n s i o n  r e a c h e d  
1464 km2 (146,400 ha) and 
additional calculations show that 
52 % increase occurred in Las 
Tunas and Holguin provinces 
(2, 9).

Meanwh i le ,  the  cen t ra l 
and western regions of Cuba 
could recover from its water 
deficit completely since 2003, 
even though 2005-2006 dry 
seasonal period (November-
April) behaved extremely dry 
throughout the whole country, 
r es ta r t i ng  t he  t empo ra r i l y 
interrupted drought process in 
western areas and extending 
it temporarily in others (2, 19).

In  shor t ,  the  increased 
c l i m a t i c  v a r i a b i l i t y 

o b s e r v e d  i n  C u b a  s i n c e  
the middle of 1970s, consistent 
with larger scale changes, is 
shown by significant alterations 
in the typical synoptic patterns 
influencing the region, among 
other processes.

It was proved that markedly 
a n t i c y c l o n i c  c o n d i t i o n s 
overlapped in the troposphere 
(oceanic anticyclone at low and 
middle levels, as well as Mexican 
summer ant icyclone at high 
levels) with higher interaction 
on the eastern region of Cuba, 
makes strong subsidence that 
inhibits convective processes 
and  consequen t l y  d rough t 
estab l ishment .  The natura l 
environmental impact of drought 
is highlighted along with the 
gradual expansion of drylands in 
the region (2).

Therefore, several authors 
(9, 20) present some of the most 
important drought periods that 
have affected Cuba: 1870-1871, 
1875-1876, 1879-1880, 1897-
1898, 1906-1907, 1922-1923, 
1944-1945, 1955-1956 and 1961-
1962. Others, while studying 
1961-1990 period, report an 
intensified "East" wind component 
and a significant increase of 
drought number or severity, which 
recorded a considerable growing 
amount of extreme casesH, P (1).

To illustrate how serious this 
problem is, it can be noted that 
moderate and severe drought 
events in Cuba doubled in the 
normal period of 1961-1990, 
compared to the previous one 
of 1931-1960 (1).

W i t h i n  t h e  9 0 s ,  1 9 9 3 , 
1 9 9 4 ,  1 9 9 8  a n d  2 0 0 0 
summer damages were quite 
remarkable, 1998 being the 
most intense event for April-
May-June period, according 
to avai lable Cl imate Center 
statistics since 1941Q.

The shor t - te rm drought 
event from April to July, 1998, 
was sensibly observed across 
the country and in some eastern 
m u n i c i p a l i t i e s  ( f r e q u e n t l y 
affected by drought); its harmful 
impact reached the category of 
d isaster,  causing extensive 
damage and discomfort to the 
local  populat ion,  who even 
temporarily migrated. Official 
figures of economic losses just 
in these areas raised nearly 
four hundred million US dollars 
and  severa l  m i l l i on  Cuban 
pesos (1).

Ta b l e  I  l i s t s  s o m e 
agricultural drought indicators 
(5), which can be compared with 
different episodes identified in 
distinct regions of the country 
(9).

A s  f o r  t h e  s i g n i f i c a n t 
1961-1990 triennial droughts 
in Cuba, i t  should be noted 
tha t  mode ra te  and  seve re 
deficits recorded within annual 
accumulated rainfalls doubled 
in  re la t ion  to  the  p rev ious 
triennium (1), at the same time 
that persistent drought events 
a f fec ted eas tern  prov inces 
s ince the  ear ly  90s ,  wh ich 
became significant from 1996 
up to nowadays.

P Centella, A. A.; Llanes, R. J. F.; Paz, C. L. 
R.; López, C. C. y Limia, M. M. E. Primera 
Comunicación Nacional de Cuba a la 
Convención Marco de Las Naciones Unidas 
sobre Cambio Climático. Inst. Instituto de 
Meteorología (INSMET), Agencia de Medio 
Ambiente (AMA), Ministerio de Ciencia, 
Tecnología y Medioambiente (CITMA), 2001, 
La Habana, Cuba, p. 166. 

Q Lapinel, P. B. P.; Fonseca, R. C.; Cutié, C. V.; 
Pérez, B. D. y Rivero, L. I. La Sequía en Cuba. 
Análisis y Pronóstico del Tiempo y el Clima y 
sus implicaciones socioeconómicas, Proyecto 
0451, Inst. Instituto de Meteorología, Ministerio 
de Ciencia, Tecnología y Medioambiente 
(CITMA), 2003, La Habana, Cuba, p. 243.
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I n  t h i s  r e g a r d ,  t h e 
behavior of cumulative rainfall 
anomalies was observed within 
the hydrological years of 1991-
1992 and 2004-2005 at the 
western and central regions of 
Cuba, with significant deficits 
over the latest two years.

However, in the eastern 
r e g i o n  o f  t h e  c o u n t r y , 
annual cumulat ives showed 
continued deficits since 1996 
a n d  p a r t i c u l a r l y  t h o s e  f o r 
t he  seasona l  r a i ny  pe r i od 
started from the very beginning 
o f  the 90s.  Among eastern 
p rov inces ,  Las  Tunas  has 
been one of the most heavily 
impacted. Hydrological years 
o f  i nsu f f i c ien t  cumu la t i ves 
began almost simultaneously 
with deficits recorded during 
the 90s rainy periods (2).

Deficits from 1991 to 2005 
hydrological years accumulated 
1300 mm, whi le  dur ing the 
rainy seasonal per iod, they 
reached almost 1200 mm.
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Consider ing the l imi ted 
rainfall quantities in Las Tunas, 
such deficits were not only highly 
significant, but also absolute 
values in its available real records 
since 1961 (2, 9).

The drought event f rom 
May, 2003 to April, 2005 (24 
consecutive months) is one of 
the most intense ever known, 
since there are reliable rainfall 
records in the country, which 
had a  very  ser ious  impact 
on broad sectors of society, 
economy and env i ronment . 
Off ic ial  stat ist ics claim that 
direct damages to economy 
caused by this event exceeded 
1,4 billion US dollars. The most 
significant deficit since 1962 for 
Cuba was considered during 
the hydrological year of May, 
2004-April, 2005, especially for 
its central and eastern regions, 
whereas the accumulated deficit 
w i th in  the la test  two years 
was the most signif icant for 
the eastern region, including 
Las Tunas province (1, 9, 21). 

 

MORE STRIKING 
DROUGHT PROCESSES 
IN CUBA FROM 2005  
TO 2014 AND ITS 
CAUSES

Among the most outstanding 
aspects related to drought causes 
in Cuba, some authorsR generally 
indicate the following points (22):

♦ Significant increases in mid 
annual geopotential heights of the 
main pressure surfaces, observed 
from mid-70s in the central region 
of Atlantic anticyclone and Cuba. 
This has to do with changes in 
the global air and sea surface 
temperature from the tropical 
region, which constitutes a coherent 
process with rainfall inhibition and, 
consequently, the establishment 
of persistent drought processes 
affecting this region.

Table I. Indicators corresponding to national agricultural drought episodes diagnosed during 1951-2005 
period

Drought 
period

Classification The highest 
affected year

Affected area 
in the country 

(%)

With “severe” and 
“very severe”intensities

More affected regions

1951-1952 Long period 1951 66 92 Central and Eastern
1955-1956 Long period 1956 68 88 Central and Western
1961-1963 Hyper-annual 1961 68 91 Central and Eastern

1965 Short seasonal period 1965 64 89 Eastern and Central
1967 Long period 1967 63 86 Eastern and Central

1970-1971 Long period 1971 63 87 Central and Eastern
1974-1976 Hyper-annual 1975 82 84 Central and Eastern

1981 Long period 1981 63 87 Central and Eastern
1984-1987 Hyper-annual 1986 70 90 Eastern and Central
1989-1990 Hyper-annual 1989 68 76 Eastern and Central
1993-1994 Short seasonal period 1994 42 86 Western

1998 Short period 1998 53 87 Eastern
2000-2001 Long period 2000 41 93 Eastern and Central
2003-2005 Hyper-annual 2004 66 67 Eastern and Central

R INSMET. Causas de la sequía en Cuba y su 
pronóstico. Informe de Resultado científico-
técnico, 2000, La Habana, Cuba, p. 112.
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♦ Existence of  a s t rong 
relationship between the marked 
p o l a r i t y  o n  t h e  f r e q u e n c y 
of  occurrence of  warm and 
cold phases of ENSO events  
(El Niño-Southern Oscillation) 
before and after the 70s, as 
well as important changes in 
the atmospher ic  c i rculat ion 
over  the area,  which favor 
the development of drought 
processes.

♦  S i g n i f i c a n t  c h a n g e 
of typical  character ist ics of 
anticyclonic influence over Cuba 
under dry extreme conditions 
during the first phase of the rainy 
period (May-June); it is possible 
to notice that the watercourse 
of  average levels,  which is 
typ ica l ly  set  in  the Centra l 
region of Mexican Gulf for this 
period, may move westward 
or not under such conditions, 
predominating an anticyclonic 
center over Cuba.

♦ The vert ical structural 
characteristics of wind zonal and 
meridional components during 
the first phase of the rainy season 
over Cuba, which indicate a 
greater presence of Eastern 
and  No r the rn  componen ts 
under dry condi t ions in the 
upper troposphere, respectively, 
favoring drought processes.

♦  T h e  e x i s t e n c e  o f 
a  s t a t i s t i c a l l y  s i g n i f i c a n t 
relationship between rainfalls 
and an integrated water vapor 
content in the atmosphere over 
Cuba, both for the first phase 
of the rainy season as for the 
remaining months of the whole 
year.  I ts var iat ion from one 
month to another is associated 
w i th  the  degree o f  ra in fa l l 
process eff iciency, probably 
linked to the variable intensity 
of anticyclonic influence and 
rainfall-generating systems in 
the area.

♦ The great variability in rainfall 
frequency, route and characteristics 
of different cyclonic systems 
affecting Cuban archipelago, which 
makes the task of linking them to 
drought phenomenon extremely 
complex. However, there is no 
doubt about the role that cyclonic 
processes play in contributing to 
the annual accumulated rainfall, 
whether it is not present, they 
generate a considerable deficit 
that may help the development 
of drought phenomenon within its 
different spatial-temporary scales.

Specifically during 2009-2014 
period, according to a study made 
by specialists from the Agricultural 
Meteorology Center of the Institute 
of Meteorology (INSMET)R, it 
should be noted which was the 
hyper-annual trend of the area 
covered with agricultural drought in 
the country. The author highlighted 
that, despite at the end of 2013 the 
country had 67 % area affected 
by agricultural drought, since 
2009 the trend is to decline; the 
same happens during the rainy 
season (PII), whose tendency is to 
decrease too; however, within the 
dry season (Ppll) it has a contrary 
behavior, closing in 2014 with  

81 % affected area, accounting for  
9 % of the worst affected country 
compared to 2009-2010 drought  
(Figure 1)S.

In some studies madeR (22), it 
was found that during the analyzed 
period, values remained above 
historical averages of the area 
affected by agricultural drought, 
except within 2011 and 2012 rainy 
seasons, whose behavior was below 
historical averages. A similar behavior 
was observed in the Western and 
Central regions whereas in the 
Eastern region the annual trend was 
to rise per period (Figure 2)S.

These same authors point 
outR (22) that during 2009-2010 
period, drought hit the country every 
year, impacting rigorously on Pinar 
del Rio, Mayabeque, Artemisa, 
Havana, Cienfuegos, Sancti Spíritus 
and Santiago de Cuba provinces, 
meanwhile recently, in 2013, the 
most affected territories were 
Pinar del Rio, Havana, Las Tunas, 
Santiago de Cuba and Guantanamo.

Figure 1. National hyper-annual trend of the area covered by 
agricultural drought during 2009-2014 period

S  Vázquez ,  M.  R .  Sequ ía  agr í co la . 
Comportamiento durante el 2009 al 2014. 
Comparación com el promedio histórico. 
Informe científico-técnico, Inst. Centro 
de Meteorología Agrícola, Instituto de 
Meteorología, 2014, La Habana, Cuba, p. 25.
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On the other hand, it was 
noted that the dry period usually 
behaved drier than normally, 
particularly in 2014, when the 
most affected areas were in 
the terr i tor ies of  Matanzas, 
Cienfuegos, Ciego de Avila, 
Camaguey, Las Tunas, Santiago 
de Cuba, Guantanamo and the 
Isle of Youth. However, 2011 
and 2012 were wetter years 
than normally.

I n  t h e  r a i n y  s e a s o n 
of  2013, Sant iago de Cuba 
and Guantanamo were more 
affected than normally by up to 
30 %. Regarding the behavior 
o f  t e m p o r a r y  a g r i c u l t u r a l 
drought  in  the country,  the 
study al lowed to ver i fy that 
annual lengthening of historical 
average agricultural drought 
was about 57 % of 36 decades; 
nevertheless, for the dry and 
rainy periods, the histor ical 
average agricultural drought 
las ted  abou t  73  and  47  % 
respect ive ly  of  18 decades 
c o m p r i s i n g  t h e  t e m p o r a r y 
period. For 2009, 2010 and 
2011,  i t  l as ted  67 ,  69  and  
61 % respectively, meanwhile 
in 2013 it was of 58 %, very 
close to the standard and 64 % 
in 2013R (22).

DROUGHT IMPACT  
IN AGRICULTURE

Drought  e f fec ts  can be 
observed  in  the  shor t  and 
long term, affecting not only 
productive activities in the field, 
such as agriculture and livestock, 
but also basic industrial activities 
and well-being and health of 
inhabitants from rural and urban 
communities.

Such drought effects are 
mainly related to water shortage 
and worsened by other factors 
associated wi th the lack of 
mois ture,  which makes the 
situation more critical. Among 
others are the following factors: 
h igh  o r  l ow  tempera tu res , 
hurricane winds, occurrence of 
certain pathogens, heavy rains 
after dry periods, vegetation 
cover degradation, neglec ted 
and damaged natural  water 
channelsR (5, 19, 23-25).

The man through some of 
his practices makes drought 
impacts more acute,  as for 
ins tance those that  reduce 
moisture retention capacity or 
favor erosion, such as organic 
matter destroyed by burning 
stubble, overuse of chemical 
f e r t i l i z e r s ,  m o n o c u l t u r e ,  
u n c o n t r o l l e d  g r a s s l a n d 

b u r n i n g ,  f a l l o w  p e r i o d s 
during low rainfal l  seasons, 
stones taken up on slopes, 
inappropriate land agriculture 
and excessive use of water 
(5, 21, 24).

D r o u g h t  i m p a c t s  i n 
different ways, which can be 
d i rec t  and  i nd i rec t ,  s i ng le 
or cumulative, immediate or 
de layed;  some affect  large 
areas permanently while others 
semi-permanently or isolated. 
The main impacts that occur 
as a consequence of drought 
are of three types: economic, 
soc i a l  and  env i r onmen ta l . 
This paper essentially refers 
to the impacts on agriculture 
t h r o u g h  i t s  e c o n o m i c  a n d 
env i r onmen ta l  d imens ions  
(5, 19, 24).

Agricultural impacts with 
economic repercussion have 
been studied and documented 
in nearly all countries affected 
by this phenomenon, due to 
growing losses are priorities 
of governments and agencies 
to assess its amount, so as to 
establish insurance strategies 
to mitigate and reduce risks.

Obviously,  studies have 
been conducted to evaluate 
and prove drought damages 

Figure 2. Hyper-annual trend of the area covered by agricultural drought during 2009-2014 period per region

Western Center Eastern
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on  agr icu l tu ra l  p roduc t ion , 
either in field crops, fruits and 
vegetab les ,  o r  fo res ts  and 
livestockR (5, 19, 23-25).

A v a i l a b l e  b a c k g r o u n d 
data on drought susceptibility 
in a given area and drought 
sensit ivity of different crops 
in the region should be tested 
and eva luated by us ing a l l 
r esea rch  resources  o f  t he 
region available on this subject 
(5, 24, 26).

Various technological tools, 
such as scenario model ing, 
c r o p  d a m a g e  c u r v e s  a n d 
i n f r a s t r u c t u r e  o f  a f f e c t e d 
agricultural entities, obtained 
th rough  ma themat i ca l  and 
probabilistic analysis, spatial 
analysis of the phenomenon 
range by using GIS, spatial-
temporary and spectral analysis 
through satellite images should 
be considered by researchers 
carrying out projects on this 
subject (27, 28).

Such technological tools 
can be used in comparative 
analysis of harvests, together 
with climatic and hydrological 
condi t ions,  in order to give 
better responses on drought 
intensi ty wi th in the per iods 
s tud ied  as  we l l  as  on  the 
c o n c r e t e  d a m a g e s  a n d 
economic losses in agricultural 
product ion.  This  in tegrated 
analysis may help d iscover 
differences between species 
and  var ie t ies  o f  cu l t i va ted 
plants, their tolerant capacity to 
water deficit and lengthening of 
their vegetative periods, as they 
are important characteristics to 
reduce injuries.

It is also necessary to study 
the preceding crop effect on 
ro ta t ion and determine the 
best plants and rotations in the 

region studied, so that drought 
damages  can  be  sens i b l y 
reduced (5, 24, 25).

Another important aspect is 
the effect of sowing or planting 
density; if it is too high, drought 
effects will be even higher. The 
other  agr icu l tura l  pract ices 
should be also evaluated, such 
as t i l lage and soi l  care,  i ts 
preservation, nutrient supply 
procedure,  defense against 
weeds and plant diseases, etc. 
(5, 24, 25).

In short, drought effects 
on  agr icu l tu ra l  p roduct ion , 
livestock, forestry and fishery 
w i t h  e c o n o m i c  i m p a c t ,  i s 
h ighl ighted in the fo l lowing 
indicators (24).

Agricultural losses: annual 
and perennia l  c rop losses, 
crop quality damages, farmers’ 
income losses due to harvest 
reduct ion,  l imi ted farmland 
product iv i ty  (w ind eros ion , 
organic matter losses, etc.), 
insect pests, plant diseases, 
wildlife damage to harvests, 
increased costs of irrigation and 
new or additional water resource 
development.

Livestock losses: decreased 
m i l k  p r o d u c t i o n ,  r e d u c e d 
livestock, limited or closed public 
grazing lands, unavailability or 
high costs of water for livestock, 
n e w  o r  a d d i t i o n a l  w a t e r 
resource development costs, 
unavailability or high costs of 
food for l ivestock, increased 
costs of food transport, high 
r a t e s  o f  c a t t l e  m o r t a l i t y, 
disruption of reproductive cycles 
and decreased cattle weight.

Timber production losses: 
forest fires, tree diseases, insect 
pests, reduced forest productivity 
and direct loss especially of young 
trees.

Fish production losses: fish 
habitat damages, losses of fish 
and other aquatic organisms due 
to reduced water flows.

General economic effects: 
losses in industr ies directly 
related to agricultural production 
and enterprise income, reduced 
economic development and rural 
population.

Energy- re la ted  e f fec ts : 
reduced energy supply due to 
restrictions caused by drought and 
increased costs due to expensive 
fuel replacement.

Impacts related to water 
supply: costs of water transport 
and of new or additional water 
resource development.

With regard to reduced food 
production: the following impacts 
include: increased food prices and 
higher food importation costs.

Tourism effects: significant 
damages due to negative drought 
impacts may cause a rapid decline 
of the national and international 
tourism as well as large losses in 
those countries where this sector 
is very important.

Trade e f fec ts :  reduced 
production of basic raw materials 
and product storage losses caused 
by negative drought effects on 
trade, particularly in export and 
import relationships. The country 
whose economy is affected by 
drought needs to compensate its 
losses by increasing mainly food 
and feed imports, which represents 
an extraordinary expense.

F i n a n c i a l  e f f e c t s :  t h e 
f i n a n c i a l  w o r l d  g e n e r a l l y 
responds with a r ise in prices 
t o  a g r i c u l t u r a l  p r o d u c t i o n 
l o s s e s ,  f o o d  p r o c e s s e s , 
c o m m o d i t y  e x c h a n g e 
a n d  e n e r g y  c o n s u m p t i o n , 
q u i c k e n i n g  i n f l a t i o n  a n d 
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p r o m o t i n g  i n c o n v e n i e n t 
p r o c e s s e s  a n d  t r e n d s  i n 
the f inanc ia l  wor ld :  farmers 
and producers go bankrupt , 
i n v e s t m e n t s  a r e  r e m o v e d 
a n d  i m p r o v e d  p r o d u c t i o n 
cond i t ions  a re  suspended, 
e tc .

E v e r y  y e a r ,  d r o u g h t 
r i s k  h a s  r e p r e s e n t e d  t h e 
largest  percentage of  to ta l 
r isk  compensat ion covered 
by the insurance branch of 
agricultural goods in Cuba (9). 
These f igures only  apply  to 
c o m p e n s a t i o n  c a u s e d  b y 
drought  damage to  insured 
f a r m e r s  n a t i o n w i d e ,  n o t 
to  the  to ta l  losses fo r  th is 
concept  in  the country.

T h e  d a t a  p r e s e n t e d  i n 
Table I I  show a substant ia l 
d i f ference among insurance 
e x p e n s e s  o f  a g r i c u l t u r a l 
g o o d s  f r o m  t h e  N a t i o n a l 
S t a t e  I n s u r a n c e  C o m p a n y 
for  drought  r isk  (5,  8) .  E ight 
years  pr io r  to  1998 (1990-
1 9 9 7 ) ,  e v e n  c o n s i d e r i n g 
la te  1997,  when there was 
a n  i n t e n s e  a g r i c u l t u r a l 
d rough t  tha t  caused  g rea t 
damages in  Cuba,  averaged 
annua l  expenses  o f  abou t 
6  5 6 3  m i l l i o n  p e s o s  i n 
c o m p e n s a t i o n  f o r  d r o u g h t 
r isk  to  insured farmers.

T h e  n e x t  e i g h t  y e a r s 
( 1 9 9 8 - 2 0 0 5 )  a v e r a g e d 
a n n u a l  e x p e n s e s  o f  
4 4  2 3 8  m i l l i o n  p e s o s  f o r 
the  same concept ,  tha t  i s , 
the average value of damages 
caused by drought risk during 
the latest eight years exceeded 
almost seven times the average 
va lue o f  drought  expenses 
during the previous eight years 
(9).

A s u m m a r y  o f  d r o u g h t 
impact on 1998T is presented 
to show the extent of its effects 

on  Cuban  ag r i cu l t u re  (23 , 
2 5 ) ,  w h i c h  c a u s e d  h e a v y 
l o s s e s  t o  t h i s  s e c t o r  a n d 
severe hardships or pressures 
throughout the country, mainly 
in its eastern region that can 
be summarized as follows (23, 
25):

♦ The agricultural sector 
of  var ious crops est imated 
losses of 166 000 t of food in 
five eastern provinces.

♦ Among the most affected 
crops from May to June, 1998, 
are food grains (rice and corn 
mainly)  in Las Tunas, Holguin, 
Santiago de Cuba and Granma 
provinces; various crops as 
bananas, beans and vegetables 
such as garlic, onion and other 
species. According to a study 
performed by the World Food 
Program (WFP), 205 548,7 ha 
were lost just in potato, banana, 

tomato, cabbage, cucumber, 
mango, avocado, strawberry and 
bean crops, which are equivalent 
to 59,6 mill ion pesos, as for 
example, cabbage production 
lost 6 954,0 t at the cost of  
0 ,5 mi l l ion pesos,  whereas 
c u c u m b e r  p r o d u c t i o n  l o s t  
942,0 t at the cost of 0,1 million 
pesos and bean production lost 
4 369,8 t at the cost of 5,3 million 
pesos.

♦ Sugarcane agricultural 
sector lost about 8 000 ha of 
spring cane in the five eastern 
provinces and only in Granma, 
Las Tunas and Guantanamo, 
sugarcane losses exceeded  
700 000 t.

♦  L i v e s t o c k  s e c t o r 
evacuated  25  000  an ima ls 
and water  was suppl ied by 
tank vehic les to  more than  
225 000 cattle. The five eastern 
provinces reported losses of  
5 million liters of milk, many 

Table II. Nationwide compensations for drought risk covered by the 
insurance branch of agricultural goods from the National 
State Insurance Company in Cuba

Year Drought compensation  
(thousands Cuban pesos)

Total risk percentage  
(%)

1990 3 610,80 22,5
1991 7 754,00 45,6
1992 4 962,30 43,9
1993 6 229,50 39,4
1994 8 115,30 43,3
1995 5 906,50 27,0
1996 3 722,70 9,9
1997             12 203,90 25,4
1998             24 402,80 29,1
1999             40 854,00 37,9
2000             56 154,60 50,3
2001             60 667,00 38,1
2002             30 425,00 25,4
2003             30 408,70 32,3
2004             42 602,10 34,3
2005             68 391,60 40,9

T CYTED-INSMET. La Sequía Agrícola. Estado 
del Arte. edit. Red UTEEDA del Programa 
Iberoamericano de Ciencia y Tecnología para 
el Desarrollo (CYTED), 2006, La Habana, 
Cuba, 101 p.
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burned grasslands and about 
1 3  0 0 0  d e a d  a n i m a l s  b y 
malnutrition in the state sector 
from January to April.

♦ In the insurance branch 
o f  a g r i c u l t u r a l  g o o d s ,  t h e 
concept of drought was the 
risk of greater expenses for 
compensation by the National 
State Insurance Company in 
1998 to its insured farmers, 
with more than 24 400 million 
pesos.

♦ Food production losses 
in the eastern provinces within 
April-May-June period were of 
US 270 million dollars.

At  p resent ,  i t  i s  known 
that from the second half of 
the XX century, agr icul tural 
d r o u g h t  h a s  i n c r e a s e d 
surface extension, intensi ty 
and  dura t ion .  The  d rough t 
knowledge learned in Cuba can 
explain its surface extension 
has increased, with an average 
a n n u a l  g r o w t h  o f  a b o u t  
8 , 0 0 0  h a  i n  p r e v i o u s l y 
unaffected areas, characterized 
by a higher surface extension 
within the rainy season and the 
decline of these indexes during 
the dry season (26).

A s  f o r  e n v i r o n m e n t a l 
impacts of drought, it is known 
that the area affected by forest 
fires in Cuba, since 1980, has 
increased wi th  an  average 
annual growth of about 400 ha 
in previously unaffected areas, 
whereas  d ry land  (a r id  and 
dry sub-humid) has increased 
d u r i n g  t h e  l a s t  d e c a d e s  
(9, 24, 25).

Environmental losses are the 
result of damages to plant and 
animal species, wildlife habitat, 
a i r  and water qual i ty,  f i res, 
landscape quality degradation, 
loss of biodiversity and soi l 
erosion. Some of them are short-
term effects, others take longer 

and some become permanent. 
An extensive drought can lead to 
short-term desertification, forest 
fires and the general degradation 
of soil quality.

Sometimes the effects are 
short, so that normal conditions 
a r e  q u i c k l y  r e e s t a b l i s h e d 
when drought ends. Wildl i fe 
habitat may be degraded by 
the loss of wetlands, lakes and 
vegetat ion.  However,  many 
spec ies eventua l ly  recover 
from this temporary aberration. 
Landscape quality degradation, 
including growing soil erosion, 
may lead to more permanent 
loss of biological productivity  
(9, 24, 25).

I n  g e n e r a l ,  t h e  m o s t 
harmful and dangerous effects 
of drought are observed in the 
environment, natural resources, 
species habitat and ecosystems. 
Such problems require great 
attention, because society can 
do little to recover from damages 
caused to ecosystems that have 
been affected or even dead. 
Therefore, the only effective 
measure for these cases is the 
adequate protection of natural 
resources, especially in sensitive 
areas, from the environmental 
point of view (9, 24, 25).

A m o n g  t h e  s t r a t e g i e s 
to be fo l lowed by agencies 
of  the State Adminis t rat ion 
responsib le for  drawing up 
plans and programs of action 
against drought, such as the 
Ministry of Science, Technology 
and Env i ronment  (CITMA) ,  
t h e  N a t i o n a l  I n s t i t u t e  o f 
Hydraulic Resources (INRH) 
and the Ministry of Agriculture 
( M I N A G ) ,  i s  t o  c a r e f u l l y 
eva lua te  a l l  those  d rought 
impacts  a f fec t ing  the  main 
environmental elements, such 
as impact quality and quantity 
on water, soil, air and living 

organisms (flora and fauna)U 
(20, 21).

An aspect of priority that 
should be considered is the 
evaluation of protected natural 
areas and natural parks, where 
i t  i s  necessa ry  to  f o resee 
spec i f i c  ac t ions  to  p ro tec t 
species, habitat  and fragi le 
ecosystems, paying particular 
a t t e n t i o n  t o  c o m b i n e d 
environmental  effects,  such 
as  increased po l lu t ion  and 
vo lume of  var ious types of 
env i ronmenta l  wastes  and, 
par t icu lar ly,  tox ic  mater ia ls 
and wastes.  These effects, 
combined and complex, may 
become worsen during drought 
pe r iods ,  espec ia l l y  due  to 
less dilution and purification 
capac i ty  o f  the i r  receptors  
(9, 24, 25).

The environmental impacts 
caused by drought events (24) 
are the following ones:
Damage to animal  species: 
reduc t ion  and  degrada t ion 
of  wi ld l i fe and f ish habi tat , 
l a c k  o f  f o o d  a n d  d r i n k i n g 
water, higher animal mortality 
r a t e ,  d i s e a s e s ,  w i l d l i f e 
migration and concentrat ion 
as well as biodiversity loss. 
 
 
 
 
 
 
 
 
 
 

U Grupo Nacional de Lucha Contra la  
Desertificación y la Sequía. Programa de Lucha 
contra la Desertificación y la Sequía en la 
República de Cuba. Inst. Centro de Información,  
Gestión y Educación   Ambiental (CIGEA), 
Secretaría de la Convención de las Naciones 
Unidas de Lucha  contra la Desertificación y la 
Sequía (CCD), Organización para la Agricultura 
y la Alimentación (FAO), Fondo Internacional de 
Desarrollo Agrícola (FIDA), 2003, La Habana, 
Cuba, p. 154.
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Hydrological effects: low water 
levels in reservoirs, lakes and 
ponds, reduced spring flows 
and streams, loss of wetlands, 
impact on estuaries (changes 
in salinity levels), decreased 
groundwater  and e f fec t  on 
water quality.
Damage to plant communities: 
loss of biodiversity and trees in 
urban and rural areas.

 
CRITERIA ON THE 
USE OF SATELLITE 
IMAGES FOR SPATIAL-
TEMPORARY STUDIES 
IN ARID AND DRY 
AREAS (ESPECIALLY  
IN DROUGHT EVENTS)

S a t e l l i t e  i m a g e s  a r e 
n o w a d a y s  t e c h n o l o g i c a l 
t o o l s  t o  a d d r e s s  a  l a r g e 
p a r t  o f  e n v i r o n m e n t a l 
phenomena, generating maps 
a n d  i n d i c a t o r s  t h a t  a l l o w 
managers,  technic ians and 
special ists from agricultural 
and  env i ronmenta l  sec to rs 
to  estab l ish  r isk  mi t igat ion 
s t rategies of  d isasters and 
s t r e n g t h e n i n g  p o l i c i e s  f o r 
environmental sustainability.

A g r i c u l t u r a l  d r o u g h t 
phenomenon toge ther  w i th 
the evaluation of arid and dry 
areas at  the envi ronmental 
sphere and specifically in land 
management is where the use 
o f  sa te l l i t e  images  has  an 
increasing application (29).

Drought monitoring exists 
i n  m o s t  c o u n t r i e s  u s i n g 

te r res t r ia l  in fo rmat ion  w i th 
parameters related to rainfall, 
c l ima te ,  ha rves t  cond i t i on 
and water availability. These 
parameters are composed of 
data obtained from terrestrial 
observation from satellites, which 
enable to monitor them more 
effectively (21).

T h e  r e a s o n s  t h a t 
make possible the use of a 
technological tool of space-
remote sensing are its ability 
to discriminate large areas with 
different characteristics in their 
physic-chemical composition 
of  so i l  sur face (as is  of ten 
the case o f  areas a ffec ted 
by  sa l i n i za t i on  p rocesses , 
moisture, arid and dry areas), 
due to its property to reflect 
the e lectromagnet ic  energy 
coming from the sun in different 
magnitude and also because 
of the response capacity of 
sate l l i te  sensors of  natura l 
resources to detect different 
levels of reflectanceV.

One of the great advantages 
o f  sa te l l i t e  images  i s  t ha t 
satel l i tes that capture them 
go through the same place 
periodical ly,  ensuring mult i -
temporali ty studies. Another 
advantage is that depending 
on its spatial characteristics, 
they can be used to generate 
subject mapping at variable 
sca les,  f rom some leve l  o f 
details as is the case of NOAA-
AVHRR (used to study scale of 
1: 1 000 000) up to scales of 
high level of details (1: 20,000), 
as is  the case of  IKONOS, 
S p o t ,  e t c . ,  g o i n g  t h r o u g h 
those of an intermediate level 
o f  de ta i l s  (sca les  be tween  
1: 250 000 to 1: 50 000), as is 

the case derived from Landsat 
TM or ETM, SPOT, MODIS, etc. 
Others have the advantage of 
being a relevant document to 
update topographic mapping, 
as is the case of Google Earth 
images, provided they are of 
recent timesU, V, W.

Considering this background 
information, the satellites used 
to support drought management 
are (33):
F o r  p r e d i c t i o n :  s t a t i o n a r y 
meteorological satell i tes are 
used (GOES-US; METEOSAT-
ESA; GMS-Japan, INSAT-India; 
Fen Yun–China; SSMI (Special 
Sensor Microwave Imager) from 
DMSP (Defense Meteorological 
Satel l i te Program) and AMI 
(Active Microwave Instrument) 
on ERS-2.
F o r  m o n i t o r i n g  a n d  e a r l y 
warning: AVHRR (Advanced Very 
High Resolution Radiometer; 
TOVS (T IROS Opera t iona l 
Vertical Sounder) from NOAA 
s e r i e s ;  I R S / W I F S  ( I n d i a ) ; 
Spot -4 /Vegeta t ion  (CNES) ; 
MMRS, HRTC/SAC-C. But also 
for  moni tor ing,  a l though an 
evaluation is necessary, (TRMM 
(Tropical Rainfall Measuring 
Mission)-NASA and NASDA; 
M O D I S / Te r r a  a n d  M E R I S /
Envisat can be used.
For drought system based on 
GIS :  high spat ial  resolut ion 
satellites Landsat (USA), IRS 
(India) and Spot (CNES).

In the case of Cuba, there 
is an available full coverage 
of satellite images of different 
spatial, spectral and temporary 
resolution, which is an important 
e l e m e n t  w h e n  s e l e c t i n g 
geospatial data from past and 
present t imes to implement 
studies on this phenomenon.

T h e  d i f f e r e n t  t y p e s  o f 
images from available sensors 
of  Earth observat ion in our 

VVentajas y desventajas de las imágenes de 
satélites en la evaluación, monitoreo y manejo 
de los recursos naturales. Inst. UNAH, 2015, 
Mayabeque, Cuba, p. 10.

W Pérez, G. E. Cobertura. Inédito, 2015, 
Comunicación personal.
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country covering absolutely the 
whole territoryW are:

♦ Landsat Thematic Mapper 
( T M )  E n h a n c e d  T h e m a t i c 
Mapper (ETM): both current and 
old images can be downloaded 
for free from dissimilar portals.
♦ Spot-HVR: current satellite 

images are not free, as the 
previous case; it is necessary 
to buy them from dealers; 
however, a large part of the 
national territory is covered 
with dist inct patches from 
d i f f e ren t  o rgan i sms  and 
research centers, where they 
can be requested to perform 
these studies.

♦ NOAA/AVHRR: these satellite 
images are  ava i lab le  fo r 
free throughout the entire 
country and can be purchased 
b y  r e q u e s t i n g  v a r i o u s 
ins t i tu t ions ,  such  as  the 
Institute of Meteorology that 
daily captures and downloads 
f o r  o p e r a t i o n a l  w o r k  o f 
m o n i t o r i n g  a n d  w e a t h e r 
forecasting.

♦ GOOGLE EARTH: there is 
complete coverage of many 
regions in Cuba with this 
t ype  o f  images  tha t  a re 
down loaded  fo r  f ree  v ia 
Google Earth Pro software, 
ex is t ing organizat ions as 
GEOCUBA, which has an 
available bank of them.

♦ There is also another group 
of  images  f rom IKONOS 
and MODIS sensors  that 
have been bought by several 
b u s i n e s s  a n d  s c i e n t i f i c 
institutions of the country or 
received from collaborative 

projects with international 
s c i en t i f i c  and  academ ic 
institutions, which can also 
be requested by fulfilling a 
specific protocol.

As it was stated in preceding 
paragraphs, droughts in Cuba 
const i tute one of  the major 
e v e n t s  t h a t  h a v e  a f f e c t e d 
some regions interruptedly or 
extremely severe and, in other 
cases, it has damaged almost 
all the national territory.

Nevertheless, the little use 
of these valuable geospatial 
da ta  on  impo r tan t  s t ud ies 
ca r r i ed  ou t  i n  t he  coun t r y 
cons t i t u t es  a  l im i t a t i on  o f 
our  sys tem of  sc ience and 
t e c h n o l o g i c a l  i n n o v a t i o n 
a s  w e l l  a s  e n v i r o n m e n t a l 
strategies, l ike the cases of 
drought event in Las Tunas 
from 2003 to 2005M, the city 
of  Camagüey in 2004 (25) , 
Sancti Spiritus in 2004-2005 
(23) and GuantánamoX.

T h e s e  s t u d i e s  h a v e 
e s s e n t i a l l y  e m p l o y e d  G I S 
t o o l s  a n d  m a p p i n g ,  b u t 
not  spat ia l  remote sens ing 
too l s .  Hence ,  expe r iences 
on  th is  sub jec t  a re  scarce 
and emerging in the country, 
s o  t h a t  a  d e e p  a n a l y s i s 
i s  n e e d e d  b y  a u t h o r i t i e s 
and specia l is ts  o f  d i f ferent 
n a t i o n a l  e n v i r o n m e n t a l 
agenc ies ,  wa te r  resources 
and sc ien t i f i c  o r  academic 
centers that have to do with 
d r o u g h t  p h e n o m e n o n  i n 
Cuba, which must  evaluate 
the  research  p ro jec ts  tha t 
w i l l  b e  u n d e r t a k e n  i n  t h e 
future,  in  order  to  promote 
the use of these tools for a 
more objective assessment of 
drought phenomena by using 
satel l i te images.

Th i s  i s  no t  cons ide red 
the international case, where 

studies have been conducted 
in countries l ike Argentina, to 
identi fy and assess drought 
seve r i t y  by  us ing  sa te l l i t e 
images combined with rainfall 
da ta  de r i ved  f rom su r face 
meteorological stat ions.

In this particular, satellite 
images have been used to assess 
d rough t  on  a  g loba l  sca le 
(25, 29) and i t  was studied 
in Pampas region, so as to 
see i ts  in f luence on wheat 
yields (30-33). Drought was 
ident i f ied and evaluated in 
several locations of Cordoba 
a n d  B u e n o s  A i r e s  u s i n g 
i n f o r m a t i o n  f r o m  w e a t h e r 
stations and satellite images 
(29).

The potential contribution 
of the existing satellites today 
is far from being fully exploited; 
thus, i t  is necessary to use 
more effectively the synergy 
provided by the combination 
of  data f rom internat ional ly 
distr ibuted satel l i te sensors 
(31, 33).

D r o u g h t  m o n i t o r i n g 
mechanism in many countries 
i s  b a s e d  o n  o b t a i n i n g 
terrestr ial information about 
the phenomenon, by l inking 
p a r a m e t e r s  s u c h  a s  r a i n , 
weather, crop conditions and 
water availability, etc. In this 
regard,  Ear th  observat ions 
f rom satel l i tes are used as 
additional data collected by " in 
s i tu"  systems as ment ioned 
above.  However,  sa te l l i tes 
are  o f ten  necessary,  s ince 
t h e y  p r o v i d e  s u m m a r y 
i n f o r m a t i o n ,  c o v e r i n g 
l a r g e  a r e a s  a n d  f r e q u e n t 
d a t a  r e q u i r e d  f o r  s p a t i a l 
m o n i t o r i n g  o f  d r o u g h t 
condi t ions.

H e n c e ,  n o w a d a y s ,  t h e 
s ta tus  o f  sa te l l i te  da ta  fo r 
monitoring drought and early 

X Cruz, D. R. O. Experiencias en la rehabilitación 
de áreas del Valle de Guantánamo afectados 
por la desertificación y la sequía. Informe 
Científico, Inst. Agencia de Medio Ambiente 
(AMA), Ministerio de Ciencia, Tecnología y 
Medioambiente (CITMA), 2004, La Habana, 
Cuba, p. 32.
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warning is based on rainfal l 
d a t a ,  s u r f a c e  m o i s t u r e , 
temperature and vegetat ion 
t racking (33).

A t  p r e s e n t ,  t h e r e  a r e 
d a t a  s o u r c e s  o f  m u l t i -
s p e c t r a l  a n d  mu l t i - senso r 
geostationary platforms, such 
as GOES, METEOSAT, INSAT 
and GMS, and polar orbit satellites 
as NOAA (National Oceanic 
Atmospheric and Administration), 
EOS-Terra, DMSP (Defense 
Meteorological Satellite Program) 
and IRS (Indian Remote Sensing 
Satellite), which have been used or 
planned to evaluate meteorological 
parameters, data interpretation, 
validation and integration. They 
are employed to estimate rainfall 
intensity, amount and coverage as 
well as to determine the effects of 
surface moisture on the soil and for 
studies on drought events (32-35).

At the international level, a 
group of recommendations have 
been given to establish a system 
of indicators based on satellite 
images aimed at forecasting, 
monitoring and managing drought, 
some of which are outlined below. 
In Spain, some authors have 
re fe r red  t o  t he  need  and 
significance of establishing a 
system of indicators based on the 
use of satellite images that allows 
tracking drought indicators (36).

The main objective of these 
indexes is to provide general 
principles as a basis for developing 
others, taking into account some 
clear notions about the own 
concept of drought and others 
close to it as well as those with 
which it is often confused.

T h e s e  a u t h o r s  h a v e 
developed important studies for 
the rapid detection and spatial-
temporary characterization of 
drought by means of using certain 
indexes drawn from MODIS 
satellite images, so enabling to 
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generate strategies for impact 
mitigation. An approach to the 
problem of early warning against 
drought has been made at the 
regional level in southeast basins 
of Spain, considering indicators 
based on satellite images and 
meteorological data.

Among the indicators based 
on remote sensing are those 
obtained through interpreting 
the space described by land 
sur face  tempera tu re  (LST) 
representation and Normalized 
Difference Vegetat ion Index 
(NDVI). The study enabled to 
determine that the relationship 
between surface temperature 
and moisture regime in the soil 
detected the onset of drought 
cond i t i ons  be fo re  s t rong ly 
adverse impacts appeared on 
vegetation and crops.

Regarding these results, 
i t  w a s  c o n c l u d e d  t h a t 
p r o b a b i l i s t i c  i n d e x e s  o n l y 
based on rainfall do not show 
the same spat ia l - temporary 
b e h a v i o r  o b s e r v e d  f r o m 
satellite images (35, 37).

A t  p r e s e n t ,  i n  S p a i n , 
a  N o r m a l i z e d  S u p e r f i c i a l 
Drough t  Index  (NSDI )  was 
val idated and adapted from 
the model developed by the 
University of Nebraska with 
MODIS images (Normal ized 
D i f f e rence  D rough t  I ndex , 
NDDI) index. Such index is 
obtained from MERIS images 
by combining a water content 
index at the terrestrial surface 
(NDWI, Normalized Difference 
Water Index) with a vegetation 
index (NDVI) (37).

Meanwhile, in Argentina, 
grasslands productivi ty was 
analyzed, which is the main 
e x t e n s i v e  s h e e p  f o o d  o f 
S a n t a  C r u z  p r o v i n c e ,  a n d 
i t s  v a r i a t i o n  p e r  y e a r,  s o 
determining it is closely linked 

to annual rainfall, its quantity 
and distribution in that period 
(37).

These  au tho rs  showed 
a  q u i c k  f o r m  t o  p e r f o r m 
inexpensive studies by using 
remote sensors to monitor large 
areas, analyzing vegetat ion 
through spectral indexes.

I n  t h i s  c a s e ,  a  m u l t i -
t empo ra ry  ana l ys i s  o f  t he 
province was conducted by 
us ing  MODIS images  f rom 
Terra/Aqua satel l i tes, which 
have large sweeping coverage 
( a b o u t  2  3 0 0  k m ) ,  h i g h 
temporary (going through the 
same s i te  every  16  days) , 
spatial (pixel of 250 m) and 
s p e c t r a l  r e s o l u t i o n .  T h e 
growing season (September, 
2007- Apri l ,  2008) was also 
a n a l y z e d  w i t h  r e s p e c t  t o 
historical values, obtaining the 
variation of vegetation indexes 
pe r  each  mon th ,  enab l i ng 
to have an idea of  drought 
severity. During 2007 and 2008, 
indexes decreased, compared 
to historical average, which 
implies a smaller quantity of 
green b iomass that  can be 
explained, among other factors, 
by a less rainfall amount.

T h e  a n a l y s i s  w a s 
performed with two vegetation 
indexes:  NDVI (Normal ized 
Difference Vegetation Index) 
and EVI (Enhanced Vegetation 
Index). The authors employed 
a lgor i thms imp lemented  in 
NASA to generate d i fferent 
types of products from MODIS 
i m a g e s .  O n e  o f  t h e m  i s 
MOD13Q that has 12 bands. 
Bands 1  and 2  cor respond 
to NDVI and EVI vegetation 
indexes, respect ively.  Such 
indexes are very useful  for 
m u l t i - t e m p o r a r y  a n a l y s i s 
whe reas  syn the t i c  images 
of 16 days supply maximum 
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pixel values during the period, 
thus reducing cloud and snow 
effects.

T h i s  t e a m  o b t a i n e d  a 
drought characterization in the 
pampas grasslands by using 
drought indexes and satellite 
information (37).  They also 
tested an early warning system 
to evaluate drought occurrence 
in the national territory through 
terrestrial and satellite weather 
information, which is subjected 
to a developing and validating 
status. Droughts are characterized 
by its intensity, frequency and 
geographical spread throughout 
the country. Although a priority 
area is considered the one 
destined for summer and winter 
annual crops, the system will be 
used in other marginal cattle and 
agricultural regions too.

In order to complement 
the analysis carr ied out by 
Water Planning Offices using 
Hydrological Drought Indexes, a 
new methodology was developed 
with weekly MERIS satel l i te 
images, so as to calculate a 
Normalized Surface Drought Index 
(NSDI) adapted from the model 
of the University of Nebraska  
(37, 38). This is obtained by 
combining a water content index 
on the terrestrial surface (NDWI) 
and the normalized differential 
vegetation index (NDVI).

NSDI index is not based 
on hydrological variables, but it 
reflects what is happening on the 
terrestrial surface related to water 
content and plant housing cover 
vigor. Therefore, NSDI does not 
replace the existing hydrological 
indicators, but it can be a very 
useful complementary tool to 
manage resources in river basin 
districts.

Drought was identified and 
evaluated in several locations of 
Cordoba and Buenos Aires during 

1982-1983 and 1988-1989, by 
applying Palmer Drought Index 
(PDI) and vegetation index. This 
work allowed comparing and 
validating the results of drought 
analysis through tradi t ional 
methods using data from terrestrial 
stations, with the information 
obtained from satellite images 
(37, 38).

CONCLUSIONS
♦ There is an internat ional 

consensus on four basic types 
of droughts: meteorological, 
agricultural, hydrological and 
social or economic. The factors 
affecting each type are correlated 
and meteorological drought is 
the most important; therefore, 
the others are derived from it 
and particularly from the lack of 
rainfall.

♦ Research studies performed in 
Cuba advice that the increased 
degree of soil aridity in recent 
years along with the behavior of 
climatic change model projections 
for the country have provoked 
drought events occurred within 
2003-2005 period, classified as 
the most intense in the latest 100 
years along the national territory.

♦ This research allowed to appreciate 
that there are three main 
types of impacts resulting from 
drought occurrence: economic, 
social and environmental. The 
economic impact of drought 
within 1990-1997 period caused 
agricultural losses in Cuba for 
an annual average cost of 6 563 
million pesos, in compensation 
to insured farmers for drought 
risk, whereas during 1998-2005 
period, annual average expenses 
of insurance agencies was of 44 
328 million Cuban pesos for the 
same concept.

♦ Specialists and technicians can 
assess drought by using their 
own technological tools, such as: 

scene modeling, direct economic 
damage curves for crops and 
affected agricultural entity 
infrastructure, spatial analysis 
of the phenomenon extent by 
using GIS, spatial-temporary and 
spectral analysis using satellite 
images, among others.

♦ The situation of our country advices 
that there is still much to search for, 
since it is necessary to promote 
their use; although there are 
some international experiences 
susceptible to be applied and 
adapted to our conditions, they 
are not practically applied to 
various projects due to different 
objective and subjective reasons.
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