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Prefac e  

 

7KH�.LQJGRP�RI�%DKUDLQ��DORQJ�ZLWK�RYHU�����FRXQWULHV��HQGRUVHG�WKH�81�)UDPHZRUN�
Convention on Climate Change at the Earth Summit in Rio de Janeiro, Brazil in June 
������7DNLQJ� LQWR� FRQVLGHUDWLRQ� WKH� LPSRUWDQFH�RI� WKH�FRQYHQWLRQ��%DKUDLQ� UDWLILHG� WKH�
)UDPHZRUN�&RQYHQWLRQ�LQ�'HFHPEHU������ 
 

At the time of preparation of National Communications, Bahrain has been engaged in 
discussions about ratification of the Kyoto Protocol, which is planned for imminent 
ratification.  

 

The Kingdom of Bahrain is very pleased to present this initial National Communication 
in fulfillment and its obligations towards as a Party to the Framework Convention, and 
soon to the Kyoto Protocol. 
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� National Circumstances 
 

7KH�6WDWH�RI�%DKUDLQ�� DQ�DUFKLSHODJR�RI����
low-lying islands and shoals, is a nation of 
dynamic social and ecological systems as 
well as a plethora of accompanying climate-
related challenges.  In this chapter, the 
country’s main characteristics are outlined 
in an attempt to provide readers with a sense 
of the context in which Bahrain’s climate 
change challenges need to be seen. 

��� Geographic Profile 
The total land area of the Kingdom of 
%DKUDLQ� �.2%�� LQ� ����� ZDV� DERXW� ����
square kilometers (km 	 ).  It is located in the 
Arabian Gulf stretching between latitudes 
�� +  ��
�1�DQG��� + ���
1�DQG�/RQJLWXGHV��� +  
��
(�DQG��� + ���
(��7KHUH�DUH�DSSUR[LPDWHO\�
���� NP� RI� FRDVWOLQH�� 7KH� KLJKHVW� SRLQW� LQ�
the country is jabal Dukhan DW� DERXW� ����
meters above sea level. 

The capital city, Manama, is located on the 
largest island, Bahrain, which accounts for 
DERXW� ��� SHUFHQW of the total area of the 
country.  Other islands include Al Muharrah 
����RI� WRWDO� ODQG� DUHD��� 6LWUDK� ������8PP�

1DVVDQ� ������ 1DELK� 6DOHK� ������� DQG�
-LGGDK����������7KH�VRXWKHUQ�FKDLQ�LQFOXGHV�
+DZDU�� 6DZDG� DQG� RWKHU� VPDOO� LVOHWV� ������
)LJXUH� ���� VKRZV� D� SK\sical map of the 
country. 

����� Land use 

Land and freshwater resources in Bahrain, 
like many small islands, are subject to 
competing demands for urban development, 
agriculture, industry, and other uses. These 
two resources are vital for meeting basic 
human needs, economic growth and 
improved access to goods and services. 

The total land area of Bahrain has been 
VWHDGLO\�LQFUHDVLQJ�VLQFH�WKH�����
V�WKURXJK�
land reclamation and dredging activities. 
Many sites along the northern and 
northeastern coastal areas were dredged and 
reclaimed for industrial, recreational and 
residential purposes. As a result, the 
country's total land area has increased from 
DERXW�����NP 	 �LQ������WR�DERXW�����NP 	 in 
������ 
Although reclamation activities have 
significantly increased prime and suitable 
land for various development projects, they 
included a host of adverse social, economic 
and environmental impacts. In an effort to 
lessen the adverse impacts associated with 
future reclamation efforts, discussions are 
underway for Bahrain to adopt an integrated 
coastal area management approach for 
strategic planning.    

Due to rapid urban and industrial 
development, valuable agricultural land in 
Bahrain has been increasingly lost. Arable 
lands have been converted to residential 
areas as demand has continued to increase 
for housing and recreational facilities.  
Moreover, high soil salinity resulting from 
the use of groundwater for irrigation has 

)LJXUH�����.LQJGRP�RI�%DKUDLQ 

 



Bahrain’s First National Communications – ,.-�/�0*1)2�3�4�5�6�/�187 9;:�/�<*,.7 3 =�>�?A@(1�/�:�=�2�@  

      

March B�C�C*D                                     
   

� 

reduced the potential area that could be used 
IRU� FURS� FXOWLYDWLRQV� �)$2�� ������� � $W�
present, these irrigated areas consist of both 
annual crops and permanent tree-crops.  
Because of the low rainfall, poor soil and 
adverse climatic conditions, natural 
vegetation cover is sparse and forests do not 
exist in Bahrain. 

����� Ecosystems 

Natural vegetation is of limited extent and is 
composed mainly of mangrove plantations, 
desert ephemerals, and halophytes (Abbas, 
������� 0DQJURYHV� KDYH� LPSRUWDQW��
ecological functions in Bahrain for 
attenuating wave action, sheltering native 
species of flora and fauna and reducing 
seawater turbidity. They grow naturally in 
several coastal areas, support a wide variety 
of indigenous bird species, and are integral 
part of local biodiversity.  

Local marine ecosystems are rich in fish 
stocks, sea grasses, and corals (Sheppard, et 
DO���������)RU�H[DPSOH��WKHUH�DUH����VSHFLHV�
of corals in the waters around Bahrain, 
which are nursery habitats for shrimp, crabs, 
and other sea creatures. Coral reefs thrive in 
the harsh Bahraini environment of high 
water temperatures, salinity levels and 
sedimentation. In addition, coastal salt 
marshes are sensitive ecosystems that 
contain quite, a large variety of native plant 
species. These areas are used as feeding and 
breeding sites for several kinds of birds and 
other species. 

The Hawar island chain, located aboXW� ���
km southeast of the main island of Bahrain 
�)LJXUH� ����� LV� D� VHQVLWLYH� ZHWODQG�
ecosystem area. The islands are home to the 
globally threatened dugon Dugong dugon 
�)LJXUH������DQG�SRVVHVV�ULFK�LQVKRUH�ZDWHUV�
that support a variety of fish and other 
marine organisms. The islands are an 
important breeding area for resident and 
migrant sea birds and are internationally 
designated as an Important Bird Area (IBA).  

Within the Hawar chain, the islands of 
Rubud Al Gharbiyah and Rubud Ash 
Sharquiyah are breeding sites for the 
Western Reef Heron (Egretta gularis 
schistacea) �)LJXUH� ����� DQG� ZLQWHULQJ�
grounds for Slender Billed Gulls (Larus 
genei) and Greater Flamingos 
(Phoenicopterus). They are also a staging 
SRVW�IRU�PLJUDQW�ZDGHUV��%R[�����LOOXVWUDWHV�
the locations of sensitive breeding sites, 
nesting sites, feeding areas, and migration 
flyways for the islands. 

��� Climatic Profile  
Bahrain’ s climate is influenced by its 
location in a large arid zone, which extends 
from the Sahara northeastwards across the 
Arabian Peninsula, to the central Asian 
deserts.    The climate of Bahrain is further  

)LJXUH������'XJRQJ�GXJRQ��WRS��DQG�
Western Reef Heron (bottom 

 

 
source: University of Michigan       
Museum of zoology 
 

 
source: www.digimages.info/ 
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influenced by its proximity to tropical zones 
and being situated within the Arabian Gulf, 
a virtually land-locked sea bordered by arid 
landmasses. The predominant winds across 

the islands are northwesterly, locally known 
as Shamal and have average speeds of over 
���NQRWV� 

%R[�����%ird activity in the Hawar island group 
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Bahrain has two seasons: a very hot summer 
and a relatively mild winter. During the 
summer months, which extend from April to 
October, mean monthly temperature range 
IURP� ����� WR� ����� GHJUHHV� &HQWLJUDGH�� 2Q�
the hottest summer days in July and August, 
DIWHUQRRQ� WHPSHUDWXUHV� FDQ� UHDFK� ���� &��
)LJXUH� ���� SURYLGHV� D� VXPPDU\� RI�
WHPSHUDWXUH�GDWD�IRU�WKH�SHULRG�����-������� 
The small amount of rainfall that Bahrain 
receives is scant, erratic, and occurs during 
the cool winter season that extends from 
November to April.  Average annual rainfall 
LV� DERXW� ��� PLOOLPHWHUV� VSUHDG� DFURVV� DQ�
DYHUDJH� RI���� UDLQ\� GD\V�SHU� \HDU�� QRQH�RI�
which occur in the summer months. High 
relative humidity levels due to high 
seawater temperatures, as well as 
atmospheric temperature inversions 
characterize the islands of Bahrain 
throughout the year.  Mean monthly relative 
KXPLGLW\� UHDFKHG� DERXW� ���� ZLWK� PHDQ�
GDLO\�PD[LPD�YDU\LQJ�IURP�����WR���%.   

��� Water Resources 
Bahrain has no natural fresh, surface water 
resources. Hence, groundwater and 
desalinated seawater are the only sources to 
meet water needs for households, industry 
and agriculture. Annual water consumption 
LV�QHDUO\�����PLOOLRQ�P Z . FLJXUH�����VKRZV�D�
breakdown of this amount by different 
VHFWRUV�IRU�WKH�\HDU�������0RVW�RI�WKH�ZDWHU��
QHDUO\������LV�FRQVXPHG�LQ�WKH�DJULFXOWXUDO�
sector, which relies heavily on irrigation.  

The average annual per capita consumption 
UDWH�LV�DERXW�����P Z  per person and has been 
VWHDGLO\�LQFUHDVLQJ�DW�WKH�UDWH�RI�DERXW������
per year. Current trends in sectoral water 
use are similar to earlier years, with only 
modest declines in water for use in 
agricultural relative to the other economic 
sectors. 

The production of desalinated water 
continues to increase as the quantity and 
quality of underground water tends to 

decline and per capita consumption 
increases.  In ����, about �� million m

Z
 of 

distilled water were produced using electric 
power stations.  This represents a significant 
share of total water consumption (���). In 
order to meet the increasing demand for 
water, plans are in place to increasing 
electric generating capacity over three 
phases.  The initial Phase I, already in 
progress, adds sufficient electric capacity to 
enable the additional desalinization of �� 
million m

Z
 of desalinated seawater per year. 

)LJXUH�����$YHUDJH�WHPSHUDWXUHV������-���� 
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By ����, the goal is another �� million m
{
 

of desalinated seawater per year.   

��� Population and Demographic 
Trends 

Bahrain’ s total population was just over ����
WKRXVDQG� LQ� ������ WKH� \HDU� RI� WKH� ODVW�
official census. The country has experienced 
large population growth over the years, with 
an annual national population growth of 
�����SHU�\HDU� UDWH�GXULQJ� WKH�SHULRG�����-
������ PDNLQJ� LW� RQH� RI� WKH� KLJKHVW� LQ� WKH 
world. In fact, the total population has 
LQFUHDVHG� VL[� IROG� WR� DERXW� ���� WKRXVDQG�
people since the first official national census 
ZDV�FDUULHG�RXW�LQ������� 
Population growth in Bahrain is influenced 
by two significant factors. Growth of the 
indigenous population as social, health and 
economic conditions improve and the rising 
number of foreign laborers as demand for 
new skills by various economic sectors 
increases. Behind the fast growth of both the 
Bahraini and non-Bahraini population was 
the discovery of� RLO� LQ� ������ DQG� WKH�
investment of its revenues in a range of 
national development projects and 
diversification of the economy. 

)LJXUH� ���� VXPPDUL]HV� SRSXODWLRQ� JURZWK�
SDWWHUQV� IRU� %DKUDLQ� IRU� WKH� SHULRG� ����-
������ ,Q� ������ WKH� QDWLYH� %DKUDLQL�
population UHSUHVHQWHG� DERXW� ���� RI� WKH�

WRWDO�SRSXODWLRQ��GURSSLQJ� WR�DERXW�����E\�
������ $V� WKH� HFRQRP\� GLYHUVLILHG� GHPDQG�
for skilled labor increased, especially in the 
industrial and service sectors, the non-
Bahraini population increased significantly - 
IURP���������LQ������WR�DOPRVW���������LQ�
������ DQ� LQFUHDVH� RI� DERXW� ����� RU� DOPRVW�
���SHU�\HDU�� 
Most of the population of Bahrain is 
concentrated along coastal zones 
particularly in the north and northeastern 
parts of the main island Bahrain. High 
population densities -� DSSUR[LPDWHO\� ����
persons/km

| �LQ������DQG�UHDFKLQJ�DERXW�����
persons/km

| � LQ� ����� - characterize these 
areas. This is due in large part to historically 
high urbanization rates, which have been 
LQWHQVLI\LQJ�LQ�UHFHQW�\HDUV��,Q�����������RI�
the population resided in urban areas. This 
OHYHO�LQFUHDVHG�WR�RYHU�����E\������ 
The overall (i.e., including native Bahraini 
and non-Bahraini segments of the 
SRSXODWLRQ�� OLWHUDF\� UDWH� IRU� LQGLYLGXDOV� ���
years old and over in Bahrain was about 
���� LQ� ������ WKH� \HDU� Rf the last census 
taken. The overall literacy rate among males 
ZDV� DOPRVW� ����� DQG� DERXW� ���� IRU�
females. For the native Bahraini population, 
literacy rate are quite high, ranging from 
DERXW� ���� IRU� PDOHV� WR� ���� DPRQJ�
females). More recent estimates indicate 
that the literacy rate continues to improve 
for the overall Bahraini population, 
LQFUHDVLQJ�WR�D�OLWWOH�RYHU�����LQ�����������
DPRQJ�WKH�PDOH�SRSXODWLRQ�DQG�����DPRQJ�
the female population). 

��� Human Health 
/LIH� H[SHFWDQF\� LQFUHDVHG� IURP� ��� \HDUV�
during the� SHULRG� ����-������ WR� ��� \HDUV�
GXULQJ� ����-������ DQG� UHDFKHG� ��� \HDUV�
GXULQJ� WKH� SHULRG� ����-������ DQ� H[FHOOHQW�
indicator of national achievements in the 
provision of health care services. The 
population of Bahrain is relatively young. 
7KH������ FHQVXV� UHVXlts showed that about 

)LJXUH�����3RSXODWLRQ�JURZWK������-�� 
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����RI�WKH�SRSXODWLRQ�ZDV�\RXQJHU�WKDQ�����
DQG� ���� EHWZHHQ� WKH� DJHV� RI� ��� DQG� ����
2QO\� ��� RI� WKH� SRSXODWLRQ� ZDV� DERYH� ���
years of age. 

��� General Economic Profile 
Bahrain is governed by a constitutional 
hereditary monarchy, and is compoVHG�RI����
municipalities. Prior to the discovery of oil 
in the early thirties the economy of Bahrain 
was dependent on pearl fishing, agriculture 
and regional trade. Since then, the major 
engine of economic growth in Bahrain has 
been the oil and natural gas industry.   

The country gained its independence in 
������ 6KRUWO\� DIWHUZDUG�� VRFLR-economic 
and restructuring of the economy took place 
at a rapid pace, boosted by the growing 
production of oil and gas and rising national 
revenues as oil prices increased in the world 
PDUNHW�� SDUWLFXODUO\� DIWHU� ������%HFDXVH� RI�
the economic risks associated with oil price 
volatility, sustained policy initiatives were 
undertaken to diversify the national 
economy as a risk-hedging strategy.  
Industrialization became a focus, together 
with efforts to establish Bahrain as an 
international financial and service center 
located in the heart of the Middle East. 

The Bahraini economy has shown steady 
JURZWK� RYHU� WKH� ����-����� SHULRG� �VHH�
)LJXUH� ������ 7KH� UDWHV� RI� JURZWK� GXULQJ�
earlier SHULRGV�����-�����H[SHULHQFHG�ZLGH�
YDULDWLRQV�� ,W� GHFOLQHG� IURP������SHUFHQW� LQ�
����� WR� ���� SHUFHQW� E\� ������ DQG� QHYHU�
H[FHHGHG� �� SHUFHQW� RQ� DYHUDJH� GXULQJ� WKH�
SHULRG�����-������3HU�FDSLWD�DQQXDO�LQFRPH�
UDQJHG� IURP� D� ORZ� RI� DERXW� 86������� LQ�
����� GXULQJ� D� year of slows economic 
JURZWK��WR�D�KLJK�RI�DERXW��������LQ������ 
The continued diversification of the 
Bahraini economy has been evident during 
WKH� ����¶V�� 7KHUH� DUH� ILYH� PDMRU� VHFWRUV��
ZKLFK� UHSUHVHQW� QHDUO\� ���� RI� DFWLYLW\� LQ�
Bahraini economy. In addition to the oil & 
gas sector, these are trade, financial 

services, manufacturing, and government 
VHUYLFHV��$V�LOOXVWUDWHG�LQ�)LJXUH������WKH�RLO�
DQG�JDV�VHFWRU¶V�VKDUH�RYHU�WKH�SHULRG�����-
����� KDV� EHHQ� FRPSDUDEOH� WR� WKDW� RI� WKH�
other sectors. Overall, the oil sector (mining 
DQG�TXDUU\LQJ�LQ�)LJXUH�����UHSUHVHQWV�DERXW�
����RI� RYHUDOO� HFRQRPLF� DFWLYLW\� RYHU� WKLV�
period - even showing a slight decrease by 
�����– reflecting deliberate national policies 
of encouraging investments outside the oil 
sector in order to build a more diversified 
and resilient economy.  

This is particularly evident in the 
manufacturing sector whose share of GDP 
VWHDG\� LQFUHDVHG� IURP� ���� LQ� ����� WR�
DOPRVW�����E\�������7KH�VKDUH�RI�ILQDQFLDO�
VHUYLFHV�� ZKLFK� ZDV� DERXW� ���� SHUFHQW� LQ�
������ KDV� GHFUHDVHG� VOLJKWO\� WR� ���� LQ�
������ *RYHUQPHQW� VHUYLFHV� FRQWULEXWHG�
DERXW� ���� LQ� ����� DQG� ���� LQ� ������
indicating an expansion of the role played 
by the private sector in providing some of 
the services traditionally provided by the 
public sector. 

)LJXUH������*'3�DQG�,QFRPH�WUHQGV������-�� 
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��� Energy  
The turning point in the economic and 
social history of Bahrain was the discovery 
RI� RLO� LQ� ������ � 6LQFH� WKHQ�� FUXGH� RLO�
production, processing, distribution and 
consumption became major economic 
activities and significant sources of national 
income. Production of crude oil continues to 
increase to meet the growing demand for 
energy by all sectors of the economy.  Most 
local crude production is consumed locally 
in refined oil products. 

Production of crude oil reached a peak of 
����� PLOOLRQ� EDUUHOV� LQ� ������ Gropping to 
�����PLOOLRQ�LQ������DQG�FRQWLQXLQJ�WR�GURS�
slightly after that. Large quantities of crude 
are also imported from Saudi Arabia for 
processing in Bahraini refineries and 
eventual export to international markets.  

Bahrain’ s crude oil refining capacity has 
steadily increased over the past decades. 
The vast majority of refined oil products, 
RYHU� ����� DUH� H[SRUWHG� WR� LQWHUQDWLRQDO�
PDUNHWV��VHH�)LJXUH������ 
In recent years, natural gas has become 
more widely used, with consumption rising 
WR� ����PLOOLRQ� FXELF� IHHW� SHU� GD\� LQ� �����
and continuing to increase since then.  Most 
of the natural gas consumed in Bahrain is 
used to generate electricity and to satisfy 
heat demand from the manufacturing 
industries, mostly in the aluminum industry.  

Electric power generation has shown steady 
increase significantly over the years. 
Generated electricity increased by almost 
��� EHWZHHQ� ����� DQG� ������ �L�H��� IURP�
������ WR� ������ *:K��� 7KH� LQVWDOOHG�
available electric generating capacity in 
%DKUDLQ�LQ������ZDV�����0:�DQG�Fonsists 
of four publicly owned power stations (i.e., 
Manama, Muharraq, Riffa and Sitra). The 
annual output from these plants typically 
DFFRXQW� IRU� DERXW� ���� RI� WRWDO� HOHFWULFLW\�
JHQHUDWHG�� ZLWK� WKH� UHPDLQGHU� ������
imported from the power station of the 
aluminum smelting plant (ALBA).  

The demand for electricity is relatively high 
compared to the region, as well as compared 
to the world.. Average annual per capita 
electricity consumption increased from 
������N:K� LQ������ WR�������N:K� LQ�������
an overall increDVH� RI� ���� �RU� �����\HDU��
increase during the same period. Total 
generation to satisfy rising industrial, 
household, and other demand increased 
IURP�������*:K�LQ������WR�������LQ�������
DQ� RYHUDOO� LQFUHDVH� RI� ���� �RU� ����� SHU�
year) Most of the electricity consumed is in 
the household sector which accounts for 
DERXW� ���� RI� WRWDO� HOHFWULFLW\� GHPDQG��
)LJXUH�����VXPPDUL]HV�HOHFWULF�FRQVXPSWLRQ�
patterns. 

)LJXUH�����0DMRU�HFRQRPLF�VHFWRU�VKDUHV������-
���� 
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��� Transportation 
Rapid industrial and urban development has 
been accompanied by rapid increases in the 
number of private and public cars and 
service vehicles, particularly within the 
urban areas, causing problems of congestion 
and increased air pollutant emissions. 
Vehicle ownership has increased by about 
����� SHU� \HDU� RYHU� WKH� SHULRG� ����-������
IURP� ���� WR� ���� WKRusand vehicles. It is 
expected that the number of cars per person 
ZLOO�FRQWLQXH�WR�ULVH�IURP�LWV�OHYHO�RI�����LQ�
������ 
Fuel consumption has risen less rapidly than 
vehicle ownership thanks in part to rising 
fuel economies. Total fuel consumed in 
personal� FDUV� URVH� WR� ���� PLOOLRQ� OLWHUV� LQ�
����� ����� PLOOLRQ� OLWHUV� IRU� GLHVHO�� ���
million liters for gasoline), an annual 
JURZWK� UDWH� RI� DERXW� ������2YHU� WKLV� VDPH�
period, the annual rate of fuel economy 
LPSURYHPHQW� ZDV� ������ +RZHYHU�� LQ�
Bahrain the average fuel economy for the 
personal vehicle stock was low, ranging 
IURP�DERXW�����OLWHUV�SHU�����NP�LQ������WR�
����OLWHUV�SHU�����NP�LQ������� 
��� Industry 
The industrial base in Bahrain comprises a 
number of industries, some mature, others 
only recently developed. Aluminum 
manufacturing is one of the main 

contributors to national wealth in 
Bahrain, following closely after oil and 
natural gas production.  Aluminum 
Bahrain (ALBA), the national 
aluminum company produces about 
�������� WRQQHV� RI� DOXPLQXP� SHU� \HDU��
Bahrain is a large consumer of petrol 
coke in the aluminum industry, 
FRQVXPLQJ� DERXW� �������� WRQQHV� RI�
SHWURO�FRNH�LQ������� 
The chemical industry in Bahrain 
includes chemical industries, asphalt 
production, and cement production. 
There are two asphalt roofing plants in 

Bahrain (Arabian Company for Chemical 
Products and Bahrain Membrane Plant), 
SURGXFLQJ� D� FRPELQHG� ������ WRQQHV� RI�
asphalt roofing materials per year. There are 
three plants producing road-surfacing 
asphalt (Bahrain Asphalt Co., United Gulf 
Asphalt and Construction, and Eastern Co.), 
SURGXFLQJ� D� FRPELQHG� �������� WRQQHV��
There is only one cement Packing Factory 
LQ�%DKUDLQ��SURGXFLQJ�DERXW���������WRQQHV�
per year 

The main food processing industries in 
Bahrain include bread, poultry, cakes, 
biscuits, and animal feeds.  A variety of 
goods, including flours, cakes and biscuits 

)LJXUH�����(OHFWULFLW\�XVH�SDWWHUQV�������	����� 
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production are produced by the Bahrain 
Flour Mills Co, the national bakery 
company.  

���� Agriculture 
Arable and permanent crop areas totaled 
DERXW�������KD�LQ�������RU�DERXW�����RI�WKH�
total land area of the country (Al-Madani, 
������� 0RVW� RI� WKH� DJULFXOWXUDO� ]RQHV� DUH�
located along the western coast of Bahrain 
island. Major commercial crops include date 
palms, assorted vegetables, and fodder 
crops.  

Agriculture in Bahrain faces a number of 
challenges rendering it a relatively minor 
sector with currently little contribution 
towards national food self-sufficiency.  It 
represents a small share of national GDP 
ZLWK�RQO\����RI�WKH� ODERU�IRUFH�HQJDJHG�LQ�
agricultural activities. The contribution of 
this sector (including fisheries and poultry) 
ZDV�DERXW������LQ������DQG�GLG�QRW�H[FHHG�
���XQWLO�������� 
The agricultural sector in Bahrain uses 
irrigation extensively and consumes a 
disproportionately high share of scarce 
water resources, relative to its share of 
*'3�� ,Q� ������ ZDWHU� XVH� IRU� DJULFXOWXUDO�
DFWLYLWLHV� DFFRXQWHG� IRU� DERXW� ����RI� WRWDO�
available water in Bahrain. Moreover, 
agricultural activities are constrained by 
poor soils, limited supply of capital and 
skilled manpower and continued loss of 
agricultural land for urban, industrial, 
recreational and other services development.   

Agricultural activities are undertaken on 
URXJKO\� ��� RI� WKH� WRWDO� ODQG� DUHD� RI� WKH�
country.  Total cultivated land area 
LQFUHDVHG� IURP� ������ KHFWDUHV� �KD�� LQ�
����� WR� ������ KD� LQ� ����� DQG�
continued at essentially the same level 
LQ� ����� DQG� ����� �VHH� 7DEOH� ������
Livestock has not changed much over 
the last few years. 

���� Waste 

The high rates of economic growth during 
the last four decades have been associated 
with rapid growth in consumption, and 
increasing rates of municipal solid waste 
production. Annual levels of solid waste are 
DERXW� �������� WRQQHV�� � 'DLO\� SHU� FDSLWD�
municipal solid waste generation is about 
���� NJ�SHUVRQ� DQG� ���� NJ�SHUVRQ� DQQXDOO\��
The content of the waste is mostly percent 
organic matter with small fraction of paper, 
plastics, glass, metals, and other materials.   

Management of municipal solid waste is 
relatively efficient in Bahrain.  Some of 
waste is recycled, while the remainder is 
disposed of in sanitary landfills.  The high 
organic matter content in the waste 
prompted the private sector to establish a 
composting plant that produces compost 
fertilizers and soil conditioners.   

Management of municipal waste effluents 
has evolved considerably in Bahrain. During 
WKH� ����V� DQG� ����V�� %DKUDLQ� LQVWDOOHG�
urban sewerage networks and sewage 
treatment facilities to handle the increasing 
volume of wastewater generated from 
domestic, commercial and industrial uses. In 
������WKH�PDLQ�XUEDQ�DUHDV�RI�0DQDPD�DQG�
Muharraq were provided with sewerage 
V\VWHPV���$W�WKH�HQG�RI�������DSSUR[LPDWHO\�
�������� LQKDELWDQWV� ZHUH� FRQQHFWHG� WR� WKH�
main sewage pipeline system. The areas 
provided with pipeline networks is 
increasing every year, with the aim that by 
�����YLUWXDOO\�DOO�Lnhabited areas of Bahrain 
will be connected.   

Wastewater treatment methods used in 
Bahrain are primary, secondary and tertiary 

7DEOH������$UHD�RI�FXOWLYDEOH�DQG�FXOWLYDWHG 
/DQG�LQ�%DKUDLQ������-����� 
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treatment.  The recycled water is used 
mainly to irrigate gardens, fodder crops and 
highway landscaping.  Sludge is produced 
in both primary and secondary treatment 
plants.  It is treated before being recycled as 
a soil conditioner used on the Ministry of 
Works and Agriculture farms.  The method 
of wastewater handling in Bahrain is an 
aerobic system, which produces some 
methane (CH 7 ) because of the poor 
management of the aerobic systems.   

Lastly, major industries, though few in 
number, produce relatively large quantities 
of liquid waste. These include 
petrochemical industries which produces 
���� 0P 8

/year, the petroleum industry 
whiFK� SURGXFHV� ���� 0P 8

/year and power 
VWDWLRQV� ZKLFK� SURGXFH� DERXW� ���� 0P 8
/year.  Most of these amounts are treated at 
the primary level, then mixed with the 
thermal effluents, which are discharged 
directly to the sea.  Though large amounts 
of BOD characterize industrial waste 
effluents. 

���� Environmental Education and 
Outreach 

Environmental awareness is increasing 
among various sectors of Bahraini society, 
thanks in part to increasing numbers of non-
governmental organizations (NGOs). 
Environmental education is spreading and 
there are activities and environmental 
courses being incorporated in the various 
departments’  curricula of Universities and 
colleges.  Presently, at least two master 
programs in Environmental management 
and Sustainable Development are being 
offered by the University of Bahrain and 
Arabian Gulf University. 

However, climate change and its related 
impacts have not yet publicly recognized as 
a national threat. Partly, this is due to a 
shortage in financial and human resources in 
the various responsible agencies.  For 
example, the Bahrain Center for Scientific 

Research, which is one of the leading 
institutes for research and training in 
resource development and marine studies, 
lacks required financial resources to 
undertake a sustained research agenda 
related to sea level rise issues. In this 
context, updating knowledge on climate 
change in educational institutions and 
building public awareness is a challenge and 
new endeavor for concerned authorities and 
institutes in Bahrain. 
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� Greenhouse Gas Inventory 
 

��� Introduction 
According to the Intergovernmental Panel 
on Climate Change (IPCC) assessment 
reports, there has been a discernable human 
influence on the global climate. Human 
activities in pursuit of development, such as 
fuel combustion, industrial processing, 
intensive agriculture, land-use change and 
forest utilization, have caused a substantial 
increase in Greenhouse Gas (GHG) 
emissions into the atmosphere, which 
contribute to climate change.  Major GHG 
emissions linked to such activities include 
carbon dioxide (CO A ), methane (CH 7 ), 
nitrous oxide (N A O).  

The Kingdom of Bahrain has undertaken, as 
RI� ������ WKH� WDVN� RI� FRPSLOLQJ� LWV� ILUVW�
inventory of greenhouse gas emissions.  
These activities will create a GHG emission 
profile for Bahrain that could be used in the 
larger global context, will enable Bahrain to 
comply with its obligations under the United 
Nations Framework Convention on Climate 
Change (UNFCCC), and will assist the 
nation in formulating climate sensitive 
development goals and informed mitigation 
and adaptation policies.  

The national GHG inventory was developed 
XVLQJ� WKH� UHYLVHG� ,3&&�*XLGHOLQHV� ��������
GHG emissions have been determined for 
all of the source/sink categories identified in 
the different sectors, namely energy, 
industry, agriculture, waste management, 
and land-use change and forestry. The team 
of national experts formed to compile the 
greenhouse gases inventory were drawn 
largely from those sectors identified as 
sources and sinks for GHGs, including the 
Civil Aviation Directorate, the Ministry of 
Works and Agriculture, the Ministry of Oil 
& Industry, the Bahrain Electricity 

Directorate, as well as members of the 
private sector.  

��� Methodology and Data Used 

����� Methods 

7KH�\HDU������ZDV�VHOHFWHG�DV�WKH�EDVH�\HDU�
for all sectors. In keeping with the revised 
IPCC guidelines, carbon dioxide (CO A ) 
methane (CH 7 ) and nitrous oxide (NO A ) 
were studied.  Nitric oxides (NOx), sulphur 
dioxide (SO A ), non-methane volatile organic 
compounds (NMVOCs), hydro 
fluorocarbons (HFCs), and carbon 
monoxide (CO) were also considered. To 
assess these gases the national inventory 
covered the sources/sink categories 
identified by the IPCC Guidelines in the 
energy, industrial processing, agriculture, 
land-use change and forestry, and waste 
management sectors. Specific methods 
related to each sector and associated sub-
sectors are discussed in the sections below. 

����� Data Sources, Coverage, and 
Reliability 

Data on emissions-generating/sequestering 
activities were collected mainly from 
secondary sources, such as published 
research, statistical reports, related studies, 
publications of the FAO, the Arab 
Organization for Agricultural, and other 
international groups, and periodical 
government reports. 

Data was often available in formats that suit 
government planning purposes, but do not 
cover all the information required by the 
IPCC methodology.  This highlights a future 
need for establishing reliable databanks 
within each sector, to provide complete and 
standardized information.  Emissions and 
default factors were taken chiefly from 
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IPCC default values and conversion 
coefficients.   

����� Uncertainties 

Uncertainties are inherent in any estimate of 
national emissions. Commonly, 
uncertainties and limitations arise from 
different interpretations of source/sink 
categories, use of average values (especially 
default emission factors), and incomplete 
scientific understanding of the basic GHG 
emission and removal processes. Some of 
the sector-specific uncertainties that were 
encountered by the national inventory team 
are elaborated in the sections that follow. 

����� Assumptions and Justifications 

A number of assumptions were made in the 
application of the methodology and default 
data to the Bahraini context.  Similarly, 
assumptions were made in order to justify 
the use of locally derived values, intended to 
represent the explicit local conditions of 
Bahrain as outlined in the sections that 
follow. 

��� Energy Sector Inventory 
In Bahrain, the only primary sources of 
energy are natural gas and refined oil 
products. There is virtually no use of 
biomass as a fuel source.  

(QHUJ\�FRQVXPHG�GXULQJ�WKH������LQYHQWRU\�
\HDU� LV� HVWLPDWHG� WR� EH� ������ WKRXVDQG� 7-��
$ERXW� ���� RI� WKLV� DPRXQW� �RU� ������
thousand TJ) was in the form of natural gas, 
�������WKRXVDQG�7-��LQ�WKH�IRUP�RI�UHILQHG�
SHWUROHXP� SURGXFWV�� DQG� ��� ���� WKRusand 

TJ) in the form of crude oil.  Greenhouse 
gases emitted from the energy sector are 
mainly CO A , CH 7 , and NOx. CO is also 
emitted but to a lesser degree.  

The process used to develop the GHG 
inventory estimates relied on the step-by-
VWHS� 7LHU� �� PHWKRGRlogy for calculating 
GHG emissions using the Reference 
Approach (for primary fuels), main source 
categories (for secondary fuels), and 
fugitive methane emissions (from oil and 
natural gas production activities). 
Definitions of activity/source categories 
were based on those provided in the IPCC 
5HSRUWLQJ�,QVWUXFWLRQV��9ROXPH����� 
Default GHG emissions factors were used 
for the carbon content of locally produced 
fuels, and of those main fuel combustion 
activities (source categories). Stored carbon, 
wherever available, was deducted from the 
calculated carbon emissions. Energy data 
was derived mainly from the Central 
Statistics Organization and private 
companies. Alternative emission factors 
were used occasionally to calculate GHGs, 
but on a limited basis, and are noted where 
they apply. 

7DEOH� ���� VKRZV� WKH� FDOFXODWHG� *+*�
emissions in the energy sector.  As can be 
seen in this table, carbon dioxide emissions 
are dominated by power supply , mostly in 
the form of electricity production from 
public power stations and heat production. 
Substantial levels of carbon dioxide are also 
emitted by the transport sector consisting 
mostly of on-road transportation.  

Table ��.�: GreeQKRXVH�JDV�HPLVVLRQV��������HQHUJ\�VHFWRU��*J� 
GHG Source & Sink Categories CO T CHU N T O NOx CO NMVOC SO T
Total energy ������ ����� ���� ����� ������ ����� �����
Energy Industries ������ ���� ���� ����� ���� ���� �
Fugitive emissions from fuels � ����� ���� ���� ���� ���� �
Transport ����� ���� ���� ����� ������ ����� �����
Other Sectors (commercial, 
agricultural, residential, forestry, 
fishing) 

�� ���� ���� ���� ���� ���� �
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Small amounts of carbon dioxide are 
emitted by other sectors (i.e., residential) for 
miscellaneous end uses. In addition, 
methane emissions are dominated by 
fugitive emissions associated with leakage 
from natural gas transport. 

��� Industrial Processes Inventory  
The contribution of the industrial sector to 
Bahrain’ s GDP is substantial. Many of the 
industrial activities described by the IPCC 
methodology are implemented in Bahrain 
including cement production, chemical 
production, food and beverage production, 
aluminium production, and halocarbon use.  
Accordingly, greenhouse gas emissions in 
this sector are primarily CO g , NMVOC, 
HFCs, CO, CH h , and SO g . In addition, 
certain processes contributed to emissions 
of CF h=i C g i and F j i  
Data used in this assessment was obtained 
from reliable, official statistical record 
sources including the Central Statistics 
Organization, private companies, and 
records from various factories. In this 
sector, only GHGs emissions from physical 

and chemical transformation processes were 
considered.   

GHG emitted in this sector, as summarized 
LQ�7DEOH�����DUH�PDLQO\�&2 g , NMVOC and 
CO. Some methane and SO g  are also 
emitted. Not surprisingly, the most 
important GHG in this sector is CO g �� ����
of which is produced by the chemical and 
aluminium industries.  NMVOC emissions 
are attributed almost solely to road paving 
with asphalt, while CO emissions are solely 
produced by aluminium production. Small 
levels of SO g  are emitted from all industries 
except for food and beverages. 

��� Agricultural Sector Inventory 
GHG emissions in this sector come from 
several sources, including livestock, and 
agricultural soils. Major GHGs are CH h , 
N g O, NOx and CO. Agriculture is a small 
sector in Bahrain’ s economy.  In the year of 
the inventory, its share of GDP reached 
DERXW� ���� %DKUDLQ� SRVVHVVHV� VL]HDEOH�
numbers cattle, sheep, and poultry. 

Data was collected from several sources and 

7DEOH������*UHHQKRXVH�*DV�(PLVVLRQV��������LQGXVWULDO�VHFWRU��*J� 

CO k CH l N k O NOx CO NMVOC SO k SF m CF l C k  F m
����� ��� � � ��� ��� ���� � ���� �

A-Mineral Products
Cement Production �� � � � � � ���� � � �
Asphalt Roofing � � � � ** ������ � � � �
Road Paving with Asphalt � � � � � ��� � � � �

B-Chemical Industry
Ammonia Production ��� � � � ** ** ** � � �
Carbide Production ��� ��� � � � � � � � �
Others (Sulfuric Acid) � � � � � � ���� � � �

C-Metal Production
Aluminum Production ��� � � � ��� � ���� � ���� �
6)��8VHG�LQ�$OXPLQXP�	�
Magnesium Foundries � � � � � � � � � �

D-Others 
Food and beverages � � � � � ���� � � � �

Greenhouse Gas Source and 
Sink Categories 
Total Industrial Processes

 7KH�,3&&��������GHIDXOW�ILJXUHV�ZHUH�XVHG�WKURXJhout. 
** Negligible amounts 
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converted to match the IPCC Guideline 
worksheets.  Data Sources included the 
Central Statistics Office. Calculations of 
GHG emissions covered a number of source 
activities, including CH �  (emissions from 
enteric fermentation and manure 
management, while N � O emissions were 
calculated from manure management.   

$V� VKRZQ� LQ� 7DEOH� ����� *+*� HPLVVLRQV�
from the agriculture sector are small and 
consist mostly of CH � �������*J����/LYHVWRFN�
enteric fermentation constitutes all of the 
agricultural CH �  emissions.  

��� Land Use change and Forestry 
Inventory 

This category does not apply in Bahrain as 
there are no forests or grasslands that could 
be converted to alternative uses. There are 
large amounts of palm trees and while the 
monitoring of palm tree areas have typically 
been neglected, it is well established that 
they are not destroyed when land is are 
converted to residential or commercial 
areas. Rather, they are relocated to other 
areas and replanted. As a result, this is not 
considered a land conversion activity. 

��� Waste Management 
Inventory 

This section deals with the 
estimation of GHGs especially 
methane (CH � ), emitted from 
various handling methods of 
municipal solid waste (MSW) and 
wastewater treatment in Bahrain, 
closely adopting the methodologies 
HODERUDWHG�LQ�,3&&������*XLGHOLQHV���
No attempt was made to calculate 
the amounts of methane emitted 
from industrial wastewater and 
sludge handling, because of lack of 
specific data.  Though large amounts 
of BOD characterize the industrial 

waste effluents, the handling systems do not 
allow calculation of methane emissions. 

 

Data sources include the Ministry of Works 
and Agriculture (wastewater and 
management systems) and reports of the 
municipalities of Bahrain (total amounts of 

MSW) and the Central Statistics 
Organization (total population). IPCC 
default figures were used throughout. Table 
����SURYLGH�D�VXPPDU\�RI�HPLVVLRQV� 
��� Summary of Inventory Results  
)LJXUH� ���� VKRZV� WKH� WRWDO� HPLVVLRQV� RI�
*+*V�IRU������LQ�%DKUDLQ¶V�EURNHQ�RXW�E\�
GHG type, and by sector on a carbon 
dioxide-equivalent basis. Different GHGs 
are known to contribute differently to the 
total greenhouse effect.   This contribution 
is expressed as Global Warming Potential 
(GWP) – the ratio of GHG radiative forcing 

Table ������*UHHQKRXVH�JDV�HPLVVLRQV��������
agricultural energy sector (Gg) 

Greenhouse Gas Source 
and Sink Categories 

CH �  N � O 

Total Agriculture ���� ���� 
A-Enteric Fermentation and 
Manure Management 
   Cattle 
   Sheep 
   Goats 
   Camels 
   Horses 
   Poultry 

 
 

���� 
���� 
���� 
���� 
���� 
���� 

 
 

��� 
��� 
��� 
��� 
��� 
��� 

B-Manure Management 
     Solid storage and dry lot 
     Pasture range & Paddock  

 
� 
� 

 
������ 
������ 

C-Agricultural Soils  ���� 
Default values used throughout. 

Table ������*UHHQKRXVH�JDV�HPLVVLRQV��
������ZDVWH�PDQDJHPHQW��*J� 

GHG Source and Sink 
Categories 

 
CH �   

N � O 
TOTAL ����� ��� 
Solid waste Disposal on 
land 

� � 

Managed waste disposal 
on land 

���� ��� 

Wastewater Handling ��� ��� 
Domestic and �� ��� 
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�DELOLW\� WR� WUDS� LQIUDUHG� UDGLDWLRQ�� RI� �� NJ�
relatiYH� WR� �� NJ� RI� &2 �  over a specified 
SHULRG�RI�WLPH��XVXDOO\���������RU�����\HDUV�
–� WKH� ���-year GWP was chosen for the 
Bahrain GHG inventory). GHG emissions 
can be expressed as CO �  equivalent.   

The main gas emitted is carbon dioxide 
��������*J���ZKLFK� FRQVWLWXWHV� ���� RI� WKH�
WRWDO�� IROORZHG�E\�PHWKDQH� �����*J���1 � O, 
and other GHGs though are emitted in very 
small amounts. 

The main GHG-emitting sector is energy, 
ZKLFK� DFFRXQW� IRU� DERXW� ���� RI� WRWDO�
emissions on a carbon dioxide equivalent 
basis. Waste, industry, and transport account 
IRU� ����� ����� DQG� ��� UHVSHFWLYHO\�� 2Q� D�
per capita basis, CO � -equivalent emissions 
DUH� HPLWWHG� DW� WKH� UDWH� RI� ������ *J� SHU�
person.  

��� Recommendations for Enhancing 
the Quality of Bahrain’s GHG 
Inventory  

A program to enhance the accuracy of 
Bahraini national GHG emissions inventory 
is necessary and important. A reliable and 
verifiable greenhouse gas emissions 
database is a prerequisite for compliance 
with the Framework Convention, and is 
relevant to Bahrain’ s ability to identify 
opportunities for achieving emission 
reductions. Based on the experience gained 
in developing the first national greenhouse 
gas inventory there are several efforts that 
should be carried out as described below. 

In the near-term - and to facilitate the 
preparation of future communications - high 
priority objectives are strengthening the 
institutional structure for carrying out future 
GHG inventory assessment, and developing 
local emissions factors that better represent 
Bahraini conditions. Within these braod 

Figure ������7RWDO�*+*�HPLVVLRQV�E\�*+*�W\SH�DQG�E\�6HFWRU��������*J� 

�����

��� � �
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objectives, there are several specific 
recommendations, as outlined below: 

��Institutional strengthening: It is 
essential to establish a permanent  
Secretariat within the General 
Commission for the Protection of 
Marine Resources, Environment and 
Wildlife in order to coordinate periodic 
updates of the national inventory. 
Moreover, a national system for GHG 
data collection monitoring, reporting 
and verification is necessary in order to 
ensure that an inventory updating 
system is both sustainable and meets 
high standards. 

��Improvement of local emission factors: 
Nationally developed and authenticated 
GHG emission factors should be used in 
place of the IPCC default values in 
future updates. Scientific research 
should be conducted regarding specific 
sources of emissions – particularly 
nitrous oxides from soils and emission 
factors associated with in-situ 
agricultural and vegetation waste 
incineration. 

In the mid-to long-term, the highest priority 
is to address some of the gaps in the 
available data.  Efforts to improve data 
availability and quality could be principally 
targeted at the following sectors:  

��Energy: It is recommended that national 
surveys be conducted to better represent 
consumption levels and patterns of 
various subsectors of the economy.  In 
particular such survey should focus on 
marine and aviation bunker fuels, 
fugitive emissions, and new modes of 
public transport. 

��Industry: Scientific research should be 
conducted to better understand and 
represent energy consumption patterns 
in small industries and factories, as well 
as to improve overall data availability 
from these emission sources. 

��Agriculture: Data should be collected 
regarding crop residue disposal systems, 
the quantity of fertilizers and pesticides 
used by the agriculture sector, and the 
number of locally owned and imported 
livestock. 

��Waste: Data should be collected 
regarding the quantities of solid waste 
and wastewater produced by small rural 
communities and their waste disposal 
systems.
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� Vulnerability and Adaptation Assessment 
 

��� Introduction 
The low-lying nature of Bahrain’ s islands, 
coupled with significant land reclamation 
investments and extensive industrial, 
commercial, and residential activity in 
coastal zones, emphasize the country’ s acute 
vulnerability to climate change-induced sea 
level rise (SLR). In the face of this threat, an 
assessment of vulnerability and adaptation 
options to sea level rise is a critical 
component of Bahrain’ s response to climate 
change. The specific focus, as discussed in 
this Chapter, has been to identify vulnerable 
sectors, regions, and resources and to assess 
the degree of future risk posed by SLR. The 
results of this work are expected to provide 
clearer indications of Bahrain’ s coastal zone 
management challenges, as well as provide 
insights into national strategies for proactive 
adaptation.  

��� Approach 
The purpose of a vulnerability and 
adaptation assessment is to illuminate the 
potential impacts of climate change on 
critically important sectors. In the case of 
Bahrain’ s coastal zones, this involves an 
estimate of the spatial extent of future 
inundation from projected SLR, together 
with an assessment of its impact on human 
settlements, agriculture, and natural 
ecosystems. It also implies the identification 
of strategic adaptation options.   

This process requires that a scenario be 
created of what Bahraini coastal areas might 
look like in a future without climate change, 
and that this scenario be compared with a 
parallel vision of what coastal zones would 
look like under predicted conditions of 
climate change. In order for this to be done, 
two climate scenarios must be created: a 
baseline scenario, aimed at representing a 

future in the absence of climate change and 
a climate change scenario, aimed at 
representing a future under increased 
greenhouse gas concentrations and the 
resulting changes in sea level.  

����� Baseline Scenario 

A baseline scenario was constructed using 
geographic information systems (GIS) and 
remote sensing techniques (Al-Jeneid and 
$ELGR�� ������� 7KH� DSSURDFK� LQYROYHG�
creating a digital elevation model for the 
five major islands (i.e., Bahrain, Muharraq, 
Sitrah, Jiddah, and Um Na’ asan) as well as 
WKH�+DZDU�JURXS�LVODQGV�XVLQJ������VDWHOOLWH�
imagery.  

These islands were chosen for strategic 
importance. The five major islands represent 
����RI�WKH�WRWDO�ODQG�DUHD��not including the 
Hawar group islands) and are zones of 
intense economic activity and population 
growth. Inundation from sea level rise could 
lead to serious displacement of people and 
commercial activities. The Hawar group 
islands represent protected areas that are 
surrounded by coral reefs and shallows. 
They are uninhabited and declared as 
national protected areas. Inundation from 
sea level rise could lead to loss of biological 
diversity and adverse impacts on the diverse 
populations of birds, corals and fish. 

To facilitate the analysis, it was assumed 
that these islands’  coastal zone geography 
DQG�HFRQRPLF�DFWLYLW\�OHYHOV�LQ������ZRXOG�
EH�VLPLODU�WR�ZKDW�WKH\�ZHUH�LQ�������7KLV�LV�
a conservative assumption in that it is  far 
likelier that coastal zones will have been 
IXUWKHU� GHYHORSHG� E\� ����� �IRU� H[DPSOH��
more land reclaimed, greater economic 
activity) and the resulting impacts from SLR 
of greater magnitude. 
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����� Climate Change Scenarios 

Three climate change scenarios – low, 
moderate, and high - were developed to 
examine the impacts from sea level rise on 
the selected islands. The low SLR scenario 
DVVXPHG�D����-meter rise above current sea 
OHYHO�� WKH�PRGHUDWH� VFHQDULR� DVVXPHG�D�����
meter rise, and the high scenario assumed a 
���� PHWHU� ULVH� LQ� VHD� OHYHO�� $� GLJLWal 
elevation model was developed for each 
climate change scenario and vulnerable 
areas were then identified – by sector and 
land use class -  by overlaying the satellite 
imagery over the digital elevation models. 

This multiple SLR approach to the analysis 
was important to offset data limitations and 
to account for uncertainties associated with 
topographic perturbations. (i.e., regional 
subsidence/uplifting). The latter is a 
particularly important issue in Bahrain as 
land surface and seabed topography are 
continually undergoing changes due to the 
extensive resource extraction activities (i.e., 
oil, natural gas, groundwater) that are 
expected to at least continue at their current 
pace, and possibly intensify over time.  

��� Sea Level Rise Impacts 
The findings of this first vulnerability 
assessment give cause for concern for 
Bahrain’ s security in the face of a changing 
climate.  As described below, the 
assessment results suggest that under even 
small changes in sea level, Bahrain faces 
threats in terms of land area inundated, and 
a variety of adverse impacts on population 
settlements, aquatic resources, crop 
productivity, coastal erosion, and biological 
diversity.  

����� Inundation Levels 

The total land area that would be inundated 
under the various climate change scenarios 
LV�VXEVWDQWLDO��$V�VKRZQ�LQ�)LJXUH������HYHQ�
the low sea level rise scenario results in an 
LQXQGDWLRQ�RI�DERXW��������NP ß

) of the total 
land area of the total land area of Bahrain by 
������7KLV� OHYHO� LQFUHDVHV� WR�DERXW�����RI�
WRWDO� ODQG� DUHD� ���� NP ß

) for the scenario 
ZKHUH�VHD�OHYHO�ULVHV���PHWHU�DERYH�FXUUHQW�
levels.  

Inundation will unevenly affect Bahrain’ s 
vulnerable infrastructure. For the main 

islands of Bahrain, 
Muharraq, Sitrah, Jiddah, 
and Um Na’ asan  - where the 
majority of socioeconomic 
activities are concentrated - 
inundation would adversely 
affect cities, roads, 
agricultural areas, as well as 
beaches and salt marshes. Of 
a total inundated area of 
DERXW� ��� NP ß

, about a 
TXDUWHU�RI�WKH�WRWDO�����NP ß

), 
would occur in the 
productive zones taken up by 
cities, roads, and agricultural 
lands.  

The extent of inundation on 
the Hawar Islands, given 
their status as wetlands of 

)LJXUH�����,QXQGDWHG�DUHDV�GXH�WR�VHD�OHYHO�ULVH������ 

�
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international importance, is particularly 
noteworthy. The islands in this chain are 
even more low lying than the main islands. 
Jazirat Hawar, the largest in the island 
FKDLQ�� KDV� D� PD[LPXP� HOHYDWLRQ� RI� �����
PHWHUV��DQG�D�PHDQ�HOHYDWLRQ�RI�����PHWHUV�
above sea level. Were sea levels to rise by 
RQH� PHWHU�� DERXW� ���� ���� NP ø

) of the 
combined land area of these pristine islands 
would be inXQGDWHG�� )LJXUH� ���� LOOXVWUDWHV�
the spatial extent of this inundation. It is 
important to note that these inundated areas 
significantly overlap the sensitive bird 
EUHHGLQJ�DQG�QHVWLQJ�VLWHV��UHIHU�WR�%R[�����
LQ�&KDSWHU���� 
����� Impacts on Human Settlements and 

Infrastructure 

7KH� WRWDO� SRSXODWLRQ� DIIHFWHG� E\� D� ��PHWHU�
VHD�OHYHO�ULVH�E\������LV�H[SHFWHG�WR�EH�ORZ��
This is in part thanks to national policies 
that have historically encouraged the siting 
of human settlements away from coastal 
zones so as to promote commercial 
development in these areas. On the other 

hand, coastal zones are currently where 
extensive economic infrastructure is located 
that includes highway networks, tourist 
centers, and commercial establishments. 
Roads networks, for example, would likely 
EH� KDUG� KLW�� ZLWK� DQ� HVWLPDWHG� ���� NP�� RI�
highways and major roads submersed under 
D� �� PHWHU� VHD� OHYHO� ULVH�� 7KLV� UHSUHVHQWV� D�
significant share of total coastal roads in 
Bahrain. 

����� Impacts on Agriculture 

Although its contribution to the national 
economic accounts is less than one percent, 
the agricultural sector plays an important 
role in the livelihood of Bahraini society. 
The agriculture sector relies on heavy 
irrigation and currently provides job 
RSSRUWXQLWLHV�WR�PRUH�WKDQ�������SHRSOH�DQG�
contributes to national food security goals.  

7KH� ORVV� RI� DJULFXOWXUDO� ODQG� GXH� WR� D� ��
meter rise in sea level is likely to be around 
��NP ø ��RU�DERXW�����RI�WKH�WRWDO�DUDEOH�ODQG�
in the country. Other impacts from the 
inundation of agricultural lands include 

damage to drainage systems, an 
increase in water logging problems, 
and higher groundwater tables. 
These impacts are likely to 
contribute to adverse impacts on 
crop production levels, particularly 
date palms which are highly 
susceptible to groundwater salinity 
levels. 

����� Impacts on Corals and 
Fishing Industry 

The effect of SLR on coral reefs is 
difficult to quantify due to the 
uncertainties related to regional 
subsidence due extraction of 
groundwater, oil and natural gas. 
Nevertheless, there are several 
possible impacts that are important 
to identify as areas of future 
investigation, as follows: 

)LJXUH�����,QXQGDWHG�DUHDV�RI�+DZDU�LVODQGV�GXH�WR�D��-
PHWHU�ULVH�LQ�VHD�OHYHO������ 
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x� Reduced light penetration: Siltation 
from coastal erosion may lead to 
reduced light penetration that can 
adversely impact the rate at which 
various species of corals grow. 

x� Sea temperature rise: An increase in 
climate change-induced sea temperature 
may contribute to an increase in the 
incidence of severe coral bleaching, and 
eventually the death of corals.  

x� Coral calcification: It is likely seawater 
with higher levels of carbon dioxide will 
adversely affect the coral calcification 
rate. This could reduce the density of 
coral carbonate skeletons and lead to 
accelerated coastal erosion.  

7KHUH� DUH� FXUUHQWO\� DERXW� ������ SHRSOH�
employed in the fishing industry. Annual 
fish yields are apSUR[LPDWHO\� ��� PHWULF�
tones, of which coral fishes (e.g., shrimp, 
FUDE�� DFFRXQW� IRU� DERXW� ���� RI� WKH� WRWDO�
annual catch. Deterioration of coral reef 
habitats from climate change would 
negatively affect associated fauna and fish 
stocks, and eventually threaten the viability 
of the fishing industry.  

����� Impacts on Mangrove and Salt 
Marshes 

Mangrove areas are already under high 
stress due to land reclamation activities. In 
the event of sea level rise, major portions of 
mangrove ecosystems would be inundated 
and, in theory, lead to a gradual retreat of 
plantations to areas inland. However, in 
view of land reclamation and associated 
commercial land development pressures, it 
is unlikely that there will be suitable areas to 
accommodate the gradual retreat of 
mangrove plantations. The total area of 
mangrove plantations affected, though not 
directly quantified in the sea level rise 
vulnerability assessment, is expected to be 
quite high. 

Coastal salt marshes in the main islands will 
be among the hardest hit areas due to rising 
sea levels in terms of the extent of impact. 
Home to unique and sensitive ecosystems, 
WKH�WRWDO�DUHD�WKDW�ZRXOG�EH�DIIHFWHG�E\�D���
PHWHU�ULVH�LQ�VHD�OHYHO�LV�DERXW����NP ø

. This 
UHSUHVHQWV� DERXW� ���� RI� DOO� WKH� VXEPHUVHG�
DUHDV��DQG�DERXW����RI�WKH�WRWDl land area of 
the main islands. 

����� Impacts on Coastal Erosion 

Most of Bahrain’ s coastal plains have 
KHLJKWV� OHVV� WKDQ� ��PHWHUV� DERYH� VHD� OHYHO�
and are erosion prone. The wave-induced 
movement of sand along the western and 
eastern beaches is primarily southward and 
consequently heavy transport of sediments 
occurs toward the southernmost parts of 
islands, and especially along the Ras Al 
Barr sandbar at the lower end of Bahrain 
Island. This process is likely to be 
exacerbated under conditions of sea level 
rise, with increases in effective wave 
heights and intensification of littoral 
transport along the western and eastern 
coasts. Furthermore, higher sea levels 
coupled with erosion may lead to sea 
penetration inland in particularly low lying 
DUHDV�OHVV�WKDQ���FP�Dbove sea level. 

����� Impacts on Hydrology and Water 
Resources 

With the increases in population and 
economic growth of recent decades, Bahrain 
has substantially increased its demand for 
IUHVK� ZDWHU�� $ERXW� ���� RI� IUHVKZDWHU�
demand is met by groundwater withdrawals, 
resulting in a sever decline of the 
groundwater table through saltwater 
intrusion. At present, over half the volume 
of the original groundwater reservoir has 
been lost to salinization, sharply reducing its 
availability for municipal and agricultural 
purposes.  

A rise in sea level will further aggravate a 
serious problem. One possible impact of sea 
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level rise would be a regression in the 
position of the freshwater/saline waterfront 
leading to further saltwater intrusion and 
deterioration of the aquifer. Moreover, SLR 
would lead to a new line of contact further 
inland between salt marsh areas and 
groundwater which would likely lead to 
more seepage of salt water into the 
groundwater reservoir. There are also 
indirect impacts from climate change in 
general as higher temperatures might lead to 
higher levels of water consumption in 
agricultural activities and households, 
further depleting scarce freshwater supplies. 

��� Adaptation Action Plan  
The findings of this first vulnerability 
assessment raise serious issues of great 
national concern. Currently heavily reliant 
upon its coastal ecosystems and resources 
that are, in many cases, already fragile or 
degraded, the population of Bahrain can ill 
afford the added challenge of increased 
ecological stress that climate change would 
surely bring.   

Adaptation to sea level rise in Bahrain will 
likely need to be a multi-stage and iterative 
process that includes information 
acquisition, raising public awareness, 
mainstreaming SLR into the policy context, 
implementing adaptation measures, and 
monitoring and evaluation.  While there are 
several types and forms of adaptation, the 
approach outlined below focuses on a mix 
of strategies and measures that are tailored 
to fit Bahraini local conditions, and take into 
account existing constraints and 
opportunities.  Two broad elements of an 
adaptation strategy are essential for Bahrain 
to adapt to future sea level rise, as discussed 
below. 

����� Policy Mainstreaming Initiatives 

Adaptation policy initiatives are needed to 
protect investments in vulnerable areas, 
minimize coastland loss of vulnerable low-

lying areas, conserve natural ecosystems, 
control coastal erosion, and protect 
groundwater resources.  In this respect, 
adaptation policies are needed that are 
anticipatory and ensure continued protection 
amidst the development of coastal 
resources, alleviating SLR damages 
incurred to date, and developing a 
comprehensive understanding of strategic 
responses. The Environmental Affairs (EA), 
given its current role in facilitating the 
integration of environmental concerns 
within Government development plans, is to 
take the leadership role in the process of 
developing a national strategic response and 
coordinate stockholder involvement 
throughout the planning process. Specific 
initiatives it would address are summarized 
below.  

x� Integrate SLR considerations into 
national development policies: This 
approach is principally aimed at 
introducing shift in the consideration of 
formulating policies and national 
development plans.  Since SLR is a 
gradual process, it is still possible to 
consider adaptation measures now that 
can render future infrastructure 
investments less vulnerable to SLR.  
Experience has shown that policy 
makers, planners and managers (i.e. 
Ministry of Housing) are eager to 
address SLR vulnerability into the 
planning process. A variety of action 
items are needed as summarized in 
7DEOH����� 

x� Strengthen stakeholder capacity: There 
is a need for capacity building to enable 
the EA, as a principal environmental 
authority, to play a major role in 
planning, coordinating and 
implementing adaptation programs of 
action. EA capacity needs to be 
strengthened in terms of human, 
financial, technical and technological 
resources. Moreover, the capacity of 
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scientific institutions, related 
government agencies, NGOs and other 
entities that have a clear stake in SLR 
should also be strengthened. A variety 
of action items are needed as 
VXPPDUL]HG�LQ�7DEOH����� 

x� Prioritize near-term coastal protection: 
Vulnerable coastal areas contain 
industrial compounds, recreational 
facilities and human settlements.  These 
areas are of high priority and public 
investment.  The current coastal erosion 
threat can be addressed by near-term 
engineering measures and proper 
maintenance of coastlines. However, 
protection as a mean of adaptation is 
costly and it may have limited long-term 
effectiveness.  Several initiatives should 
EH�SXUVXHG��DV�RXWOLQHG�LQ�7DEOH������WKDW�
can help to systematically minimize the 
likely effects of SLR along vulnerable 
coastal zones.  

����� Ecosystem Protection Initiatives  

Wetlands and marine resources are under 
continuous stress and their ecosystems are 
being disturbed. Many of the sensitive 
wetlands in Bahrain are currently subject to 
pollution, over-exploitation, and adverse 
effects of coastal envelopment projects that 
require extensive dredging and land 
reclamation. Further disturbance as a 
consequence of SLR will slowly degrade 
major functions of these systems, thus 
adversely affecting biodiversity. The 
following paragraphs highlight major 
adaptation action needed to limit ecosystem 
deterioration. 

x� Mangrove and other wetland (Sabkhas) 
areas: Mangrove plantations are 
experiencing formidable threats 
reclamation and infilling activities that 
threaten their existence. Mangrove 
stands are also vulnerable to SLR having 
no capacity for inland retreat. A variety 

of action items are needed as 
VXPPDUL]HG�LQ�7DEOH����� 

x� Coral reefs and other marine resources: 
Coral has already experienced bleaching 
events. Other types of damage due to 
mismanagement are evident such as 
pollution from point sources and from 
tanker traffic.  A variety of action items 
DUH�QHHGHG�DV�VXPPDUL]HG�LQ�7DEOH����� 

x� Groundwater Resources: The 
importance of groundwater resources in 
Bahrain cannot be overemphasized.  
Groundwater resources are experiencing 
severe pressures from over-extraction 
practices. SLR will likely intensify 
seawater intrusion into the aquifer 
leading to a continuous salinization and 
rapid deterioration of its quality.  A 
variety of action items are needed as 
VXPPDUL]HG�LQ�7DEOH����� 

Planning an effective response to SLR will 
require aggressive pursuit of the above 
options. The anticipatory initiatives 
discussed in the Action Plan – both policy 
mainstreaming and ecosystem protection 
initiatives - will promote sustainable coastal 
development by accounting for the likely 
effects of SLR and current maladaptive 
practices. Careful consideration and 
selection of adaptation policies and 
strategies is critical for Bahrain, a small and 
highly vulnerable country.  
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7DEOH������6SHFLILF�PHDVXUHV�LQ�WKH�$GDStation Plan 

Integrate SLR considerations into 
policies: 

Prioritize near-term coastal protection: 
 

Strengthen stakeholder capacity: 

x� AccomZmodate SLR in the 
design of new policies regarding 
building codes and coastal 
structures, 

x� Formulate sector specific 
development guidelines (tourism, 
industry, etc) to highlight for 
investors the potential problems 
arising from SLR, 

x� Formulate a comprehensive 
policy framework for integrated 
coastal and marine resources 
management, and  

x� Formulate guidelines and 
legislation for the implementation 
of integrated coastal zone 
management. 

 

x� Identify and delineate critically vulnerable coastal areas, 
x� Reassess coastal area vulnerability to SLR, including economic 

valuation of endangered properties, establishments, and resources, 
x� Create a GIS-based coastal database management system for 

facilitating decision-making regarding coastal areas, 
x� Investigate the feasibility of new coastal structures (e.g., dikes, 

levees, etc..) and maintenance measures (e.g., periodic beach 
nourishment) to protect high priority areas.  

x� Establish and maintain effective agricultural drainage systems, 
x� Rehabilitate endangered ecosystems with special emphasis on 

coral reef areas, mangroves, and important bird nesting areas,  
x� Raise public awareness on climate change issues in general, and 

SLR in particular, 
x� Actively enforce legislation regarding coastal areas and marine 

resources, 
x� Formulate an integrated water resource management plan to 

rationalize water use and protect aquifers from salinization,  
x� Accommodate SLR in the design of new policies regarding building 

codes and coastal structures, and ongoing projects, 
x� Review and update legislations related to water usage. 

x� Strengthen national capacity (marine 
authorities) for monitoring SLR 
dynamics and trends through 
upgrading and networking existing 
monitoring stations.  

x� Develop legal, institutional and 
human resources capacity for the EA 
and national research institutions.  

x� Conduct training programs in 
CC/SLR information management, 
vulnerability, risks assessments and 
adaptation planning 

x� Strengthen the capacity of farmers to 
adapt to new techniques in farming 
and management of salt affected 
soils.  

x� Strengthen regional cooperation and 
networking among countries in the 
region to facilitate exchange of data 
and information on CC/ SLR issues. 

Mangrove ecosystems Coral ecosystems Groundwater resources 
x� Establish a protective buffer 

zone around Mangrove 
plantations.  

x� Reforest mudflats & other 
locations along beaches.  

x� Revive traditional agricultural 
systems around mangroves 
using treated sewage effluent.  

x� Launch a national campaign to 
raise public awareness among 
various sectors of the society. 

x� Rehabilitate corals in key sites,  
x� Aggressively enforce of legislation regarding marine resources. 

x� Formulate an integrated water 
resource management plan to 
rationalize water use and protect 
aquifers from being excessively 
salinized. 

x� Legalize and institutionalize reuse of 
sewage treated water. 
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� Greenhouse Gas Mitigation Initiatives 
This chapter summarizes a national-level 
analysis of a set of options and opportunities 
for reducing GHG emissions in Bahrain. 
Each of the initiatives was evaluated relative 
to several selection criteria: capital 
investment required, achievable GHG 
reductions, cost of saved carbon (CSC), and 
social acceptability. Particular emphasis was 
placed on options that are low or zero-cost, 
can substantially reduce GHG emissions, 
and will contribute positively to the national 
development priorities  

While the measures discussed in this chapter 
will focus on the potential of various 
technologies and practices, it is clear that to 
achieve the results laid out in this chapter 
will also involve a certain number of 
parallel institutional, regulatory, and 
financial initiatives. The following 
discussion lays out viable measures that 
could be implemented in the near to mid-
term in Bahrain for achieving enduring 
greenhouse gas reductions, followed by an 
outline of an action plan for implementing 
the conclusions. 

Two scenarios were considered: a "Base 
Case" assuming business-as-usual 
assumptions, and a "Mitigation Case", with 
a set of initiatives described below that have 
the potential to reduce GHG emissions. The 
period considered in the assessment was 
IURP������WKURXJK�WKH�\HDU������ 
��� Business-as-Usual GHG Emissions 

in Bahrain 
Based on the results of the GHG inventory, 
the major contributing sectors to GHG 
emissions in the State of Bahrain are 
summarized as follows: 

��Energy supply: GHG emissions from 
energy supply are primarily associated 
with electric power generation, as well 
as certain large industrial applications 
(i.e., aluminum, petrochemicals, 

refineries). Total carbon dioxide-
HTXLYDOHQW� �&2�-equivalent) emissions 
IURP� WKLV� VHFWRU� ZHUH� ������� *J� LQ�
����� 

��Waste management: GHG emissions 
from waste management are primarily 
associated with two types of wastes, 
namely municipal solid waste and 
VHZDJH� HIIOXHQWV��7RWDO�&2�-equivalent 
HPLVVLRQV�RI�IURP�WKLV�VHFWRU�ZHUH�������
*J�LQ������ 

��Industrial processes: GHG emissions 
from industrial processes in Bahrain are 
primarily associated with mineral, 
chemical, metal and food & beverage 
SURGXFWLRQ�� 7RWDO� &2�-equivalent 
HPLVVLRQV�RI�IURP�WKLV�VHFWRU�ZHUH�������
*J�LQ������ 

��Transport: GHG emissions from 
transportation in Bahrain are associated 
with the amount of fuel consumed in 
cars, trucks, aQG� EXVHV�� 7RWDO� &2�-
equivalent emissions of from this sector 
ZHUH�������*J�LQ������� 

The three other sectoral categories in 
Bahrain’ s GHG inventory - solvents and 
other product use, agriculture, and land-use 
change and forestry – contribute negligible 
amounts to national GHG accounts (i.e., less 
WKDQ������RI�WKH�WRWDO�LQ�������DQG�ZHUH�QRW�
considered to be suitable sectors for 
considering GHG mitigation options. 

To estimate the GHG emission trajectory of 
the energy supply, waste management, 
industrial processes, and transport, an 
analysis was carried out that accounted for 
population growth, economic activity, and 
several other expected trends that can affect 
the level of future GHG emissions (AL- 
4DKWDQL�� ������� )LJXUH� ���� LOOXVWUDWHV� WKH�
expected growth in GHG emissions under 
business-as-usual assumptions, highlighting 
the expected major contributions of the 
energy supply sector to overall emission 
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OHYHOV�� DERXW� ���� RI� WRWDO� HPLVVLRQV� RYHU�
WKH������WR������SHULRG� 
��� Mitigation Initiatives Analyzed 
There are several mitigation measures that 
have been analyzed to determine their GHG 
reduction potential and associated costs. 
Given the prominence of energy supply, all 
of these options are focused on this sector. 
The paragraphs below summarize the 
options considered. 

����� Energy Efficiency of Power 
Generation  

The overwhelming majority of GHG 
emission in the energy supply sector is from 
the combustion of natural gas for electric 
power generation. The Bahraini electric 
power supply system is characterized by 
numerous small and large units operating at 
low efficiencies. Replacement or upgrading 
to achieve greater combustion efficiencies 
would considerably reduce annual natural 
gas consumption levels.  

While several options were considered, the 
mitigation assessment focused on upgrading 
existing systems with a combination of 
combined cycle units and co-generation 
(power and heat for water desalination). As 
part of a mitigation scenario, it was assumed 

that combined cycle units 
DFKLHYLQJ� DW� OHDVW� ����
combustion efficiency 
would be introduced at 
eight inefficient single 
cycle power stations and 
cogeneration was 
introduced at one station. 
These changes would 
annually reduce emissions 
RI� FDUERQ� GLR[LGH� E\� ����
million tonnes. 

There are no major cost, 
institutional, or social 
barriers envisioned for a 
more widespread use of 
energy efficient technology 
in electricity supply. The 

cost of saved carbon for implementing this 
RSWLRQ� DW� �� VWDWLRQV� LV� QHJDWLYH� �L�H��� –
������WRQQH� RI� FDUERQ� GLR[LGH� DYRLGHG��
indicating its attractiveness from an 
economic perspective. Moreover, direct 
surveys among a range of individuals 
confirm the attractiveness from a social 
perspective. 

����� Renewable Energy Systems for 
Power Supply:  

This initiative involves adding zero-carbon, 
renewable resources to the electric system. 
Bahrain is well endowed with solar energy 
with an annual average solar insolation level 
RI� DERXW� ����:�P��� PDNLQJ� LW� RQH� RI� WKH�
highest in the world. Wind energy is less 
attractive as average wind speeds are well 
EHORZ���PHWHUV�SHU�VHFRQG�IRU�ODrge periods 
of the year over large portions of the 
country. Tidal energy is also not considered 
an attractive option due to land use required 
for the installation of turbines and the 
resulting adverse ecological impacts. 

The mitigation assessment focused on solar 
thermal combined cycle systems to meet 
DERXW� ��� RI� HOHFWULF� GHPDQG�� 7KLV� ZRXOG�
LQYROYH� WKH� LQVWDOODWLRQ� RI� RQH� ���� 0:�
solar thermal station (with no natural gas 

FigXUH������*+*�HPLVVLRQV�LQ�WKH�%XVLQHVV-as-usual scenario 
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backup), and would annually reduce 
HPLVVLRQV� RI� FDUERQ�GLR[LGH�E\�����PLOOLRQ�
tonnes. 

The cost of saved carbon for implementing 
this option is negative (i.e., –�����WRQQH� RI�
carbon dioxide avoided) indicating its 
attractiveness from an economic 
perspective. However, using substantial 
levels of intermittent renewable energy 
technologies in Bahrain would represent a 
departure from business as usual requiring 
new coordination among different 
institutional entities. Indeed, one of the key 
technical issues was how intermittent 
resources can be integrated in the electric 
system given system interfacing, stability, 
and operability concerns. While these issues 
will require further review for the specific 
circumstances posed by the Bahraini electric 
system, it is unlikely that they represent 
unsolvable technical problems. 

����� Demand Side Efficiency Measures 

Air conditioning and lighting are significant 
electricity end-uses in Bahraini households.  
Lighting efficiency measures— including 
automatic controls for exterior lighting, 
higher-efficiency fluorescent lighting 
fixtures, ballasts, lamps, and controls, and 
compact fluorescent lamps (CFLs) in place 
of incandescent bulbs—can significantly 
reduce lighting energy and peak power use. 
High efficiency air conditioning, including 
higher-than-standard efficiency 
compressors, heat-exchangers, fans, control 
systems, and other associated equipment 
also has great potential to reduce space 
cooling power requirements, which 
represents almost half of the total power 
generation in Bahrain. 

The mitigation assessment focused on the 
introduction of CFLs and high efficiency air 
conditioners in the context of the existing 
electric supply system. For both measures, 
this would involve a complete replacement 
of existing inefficient technology, phased-in 
RYHU�D���-year period. The combined effect 

of these measures would result in a 
combined reduction in carbon dioxide 
HPLVVLRQV� E\� ����� RI� DERXW� ���� PLOOLRQ�
WRQQHV� ������ PLOOLRQ� WRQQHV� IRU� DLU�
FRQGLWLRQHUV� DQG� ����� PLOOLRQ� WRQQHV� IRU�
CFLs). 

The cost of saved carbon for implementing 
this option is negative (i.e., –������WRQQH�RI�
carbon dioxide avoided) indicating its 
attractiveness from an economic 
perspective. The major impediments to 
implementation of high efficiency 
technology in Bahrain are likely to be the 
current low electricity tariffs, the high initial 
cost of many of the technologies relative to 
the less costly alternative, and current lack 
of availability of the efficient products 
themselves. Moreover, the introduction of 
lighting and space cooling efficiency 
measures require supply and demand for the 
technologies to be built up at the same time.  

��� Other Mitigation Initiatives 
Considered 

In addition to the measures discussed above, 
several other measures were considered 
though not analyzed due to data limitations 
and other uncertainties. The subsections 
below briefly summarize the options 
considered. 

����� Road Traffic Management And 
Control 

In Bahrain, growth in vehicle ownership is 
H[SHFWHG� WR� GRXEOH� E\� ����� WR� DERXW�
�������� YHKLFOHV�� 7KH� H[LVWLQJ� URDG�
infrastructure is becoming increasingly 
congested, especially during rush hours, 
leading to costly traffic delays. Redesigning 
the transport system to promote public 
transit, high-speed lanes, better vehicle fuel 
economy, and the use of alternative fuels 
could substantially reduce annual GHG 
emissions from the transport sector. Further 
investigation is needed on future traffic 
management policies and plans to better 
understand how certain measure can lead to 
lasting reductions. 
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����� Interconnection Of The Electric 
Transmission Grid 

The Bahraini electric transmission system is 
currently not connected to region networks 
and is characterized by relatively high line 
losses. Integrating the transmission grid 
with that of the neighboring Gulf 
Cooperation Council (GCC) countries is 
potentially attractive for reducing GHG 
emissions because it could mean the 
operation of larger power generation station 
with better electric system carbon emission 
rates (i.e., tC/MWh), as well as being able to 
tap into transmission networks which on 
aggregate have lower line losses. Further 
investigation is needed on the carbon 
emitting characteristics of regional 
electric systems. 

����� Landfill Gas And Utilization In 
Power Generation 

This option can reduce greenhouse gas 
emissions by preventing the direct 
release of methane to the atmosphere. 
Since the Bahrain electric supply 
sector overwhelmingly uses natural 
gas, there is no net gain in the carbon 
content of electricity on the grid. The 
amount of methane that can be 
captured annually from large sanitary 
ODQGILOOV� LV� DERXW� ������� WRQQHV�� 7KH�
cost associated with methane recovery 
is much higher than the cost of natural 
gas, which is available in Bahrain at 
relatively low cost. Further investigation is 
needed on site-specific characteristics of the 
landfills, as well as the additional pipeline 
costs for the transport of methane to local 
power stations. 

��� Impact of Mitigation Initiatives 
If implemented, the combined effect of the 
initiatives analyzed can reduce overall 
emissions of carbon dioxide in Bahrain by 
DERXW� �� PLOOLRQ� WRQHV�� RU� DERXW� ����� E\�
����� DV� VKRZQ� LQ� )LJXUH� �����1RWDEly, the 
costs for implementing the measures are 
negative, meaning that they represent “no-

regret” options that are able to yield GHG 
reduction while saving money. This is 
primarily due to the fact that capital costs 
are more than offset by reductions in fuel 
costs over the measure’ s lifetime. 

��� Mitigation Action Plan 
There are several measures, techniques and 
policies that could be implemented to 
reduce national GHG emissions.  In 
Bahrain, there is a variety of economic and 
social factors that influence GHG emission 
levels, as well as the cost effectiveness of 
mitigation options and plans. 

Based on Bahrain GHGs emission inventory 
and projections in this section, it is clear that 

natural gas as well as other petroleum 
products is the major sources of energy and 
GHGs emissions. Therefore, significant 
mitigation of GHGs emissions could be 
achieved if more efficient generation was 
introduced, as well as conservation practices 
were implemented. Other strategic 
mitigation options for Bahrain include 
upgrading technologies in transport (e.g., 
bus and truck fleets) and buildings (e.g., 
more efficient air conditioning and home 
electric appliances).  

There are three essential elements of a 
national mitigation plan of action that 

)LJXUH������*+*�HPLVVLRQV�LQ�WKH�%XVLQHVV-as-usual 
and Mitigation scenarios 
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should be considered for near-term action, 
as outlined below.  

x� Replace inefficient power stations with 
new combined cycle units: The 
mitigation analysis shows that it is 
economically feasible to upgrade or 
replace existing, inefficient power 
stations with high-efficiency natural gas 
combined cycle XQLWV� RYHU� D� ��-year 
period. Annually, this would result in 
DERXW� ������ 0P��\HDU� LQ� QDWXUDO� JDV�
savings. 

x� Utilize solar energy technologies: 
Despite abundant levels of solar 
insolation available in Bahrain, there is 
no serious initiative to utilize solar 
energy technologies.  Based on the 
mitigation analysis, solar troughs are a 
particularly relevant mitigation option 
IRU�%DKUDLQ�WKDW�FRXOG�OHDG�WR�RYHU�������
Gg in annual GHG savings, as well as 
provide a number of other benefits. 

x� Promote efficient air conditioning and 
lighting: There are several strategic 
demand side opportunities that should 
be promoted through national public 
awareness programs. In particular, 
energy-efficient air-conditioners and 
compact fluorescent lighting should be 
actively incentivized. 

Supporting such action requires confronting 
and overcoming certain challenges and 
barriers. Specifically, it is necessary to build 
national technical capacity for mitigation 
assessment, and strengthen inter-ministerial 
links for information sharing.  A program of 
action is outlined below. 

x� Integrate mitigation options into 
national planning: As many of the 
elements of a mitigation assessment in 
Bahrain cut across traditional ministerial 
boundaries, it is not clear, from an 
institutional coordination perspective, 
how all of the various elements of a 
mitigation plan, were one to be 
developed, could be implemented.  The 

national climate change committee at 
the General Commission for the 
Protection of Marine Resources 
Environment and wildlife could be 
entrusted to coordinate implementation 
of the plan. 

x� Strengthen technical capacity: For 
aggressive Demand Side Management 
(DSM) programs to be successful in 
Bahrain, training in a number of 
different areas should be implemented.  
Training of Bahraini professional and 
other workers will be required to 
understand the opportunities for energy 
savings beyond air conditioning and 
lighting applications.  National 
educational institutions can provide 
training in the field of climate change.  

x� Develop energy information networks:  
There is currently only modest 
information regarding energy end-use in 
Bahrain homes, businesses, institutions, 
and industries.  In order to inform many 
elements of future mitigation 
assessments, as well as for many other 
forms of energy planning, it is essential 
to better understand how energy is used 
in Bahrain.  To that end, it will be 
important to plan and implement a 
number of comprehensive end-use 
surveys in a range of different sectors, 
complemented by a combination of end-
use meeting and energy audits for larger 
buildings and for industrial facilities.  
The climate change committee should 
coordinate such surveys and disseminate 
its findings.  
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� Strategy to Raise Public Awareness 
This chapter summarizes a national-level 
strategy for raising awareness about climate 
change issues. Such a strategy is essential 
for moving toward a better understanding of 
both the potential impacts on Bahrain from 
a changed climate, as well as what its youth, 
civil society groups and government 
agencies can do in mobilizing adaptation 
activities. 

As the previous chapters have sought to 
highlight, Bahrain has limited natural 
resources, a fast growing population, and 
rapid rates of urbanization and 
industrialization. In the face of the 
additional risks posed by a changing 
climate, the transition to sustainable 
development practices is not merely an 
option, but an imperative choice for 
Bahrain’ s economic and social prosperity 
�.KDOLO�������� 
A key step towards meeting the challenges 
posed by a changing climate is to initiate a 
national dialogue to raise awareness among 
key policymakers, civil society 
organizations and NGOs about causes and 
potential consequences. A shared 
understanding among these individuals and 
institutions is essential, not only for 
mobilizing public support, but also for 
undertaking the range of participatory 
activities that will undoubtedly be needed. 

��� Context for Action 
An existing commitment to sustainable 
development and environmental protection 
is a key national premise for formulating an 
overall awareness building strategy for the 
Kingdom of Bahrain around climate change 
issues. This commitment is evident through 
ongoing outreach, training and education 
efforts undertaken by the Government, civil 
society organizations, academic and 
research institutions, industry and the media 
on environmental protection and resource 
conservation. In fact, several institutions 

and NGOs are already engaged in a variety 
of ongoing activities for raising public 
awareness and enhancing research of 
environmental problems confronting the 
country.  

It is important to note that climate change 
and its potential negative impacts and 
consequences have only recently yet begun 
to be publicly perceived as a national 
challenge. A considerable lack of awareness 
still exists in Bahrain regarding how climate 
change may threaten national development 
activities. This is due primarily to a lack of 
information. 

There is therefore a need to both elevate 
public sensitivity to climate change issues 
and involve a wide range of groups in 
developing strategic responses. Together, 
these actions should help to foster a sense of 
national responsibility and greater 
motivation and commitment towards 
meeting the challenge of climate change. 

Finally, the effectiveness of awareness 
raising and education for climate change 
issues (mitigation and adaptation) and 
sustainable development in Bahrain should 
ultimately be measured by the degree to 
which they change the attitudes and 
behaviors of the people in carrying out their 
collective responsibilities as citizens.  

��� Strategic Objectives and Approach 
7KDQNV� LQ� ODUJH� SDUW� WR� D� 6HSWHPEHU� �����
national workshop to seek public input on 
how to build public awareness around 
climate change issues, there has been a 
broad level of public participation 
concerning the strategic aims of such a 
process. Organized by the Desert and Arid 
Zones Sciences Program of the Arabian 
Gulf University, the workshop was attended 
by representatives from government, NGOs, 
scientific research and training institutes, the 
private sector, and media outlets. The 
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outcome of this gathering was broad 
acceptance around a goal to enhance 
public awareness regarding climate 
change that can lead to specific actions 
to reduce emissions, proactively adapt, 
and protect the management (Khalil, 
������� 
Within this overall goal, there is now a 
growing national consensus in Bahrain 
around a number of key public 
awareness objectives. These 
REMHFWLYHV�� VXPPDUL]HG� LQ� %R[� �����
essentially dictate and underlie a 
threefold approach to addressing 
climate change issues, namely 
engagement of civil society, 
strengthening of national capacity, and 
promotion of community-based 
initiatives. Each of these dimensions 
of the public awareness strategy is 
summarized in the subsections below. 
An overview of the specific target 
groups, objectives, key messages, and 
activities implied by the approach is 
SURYLGHG�LQ�7DEOH������ 
��� Civil Society Engagement 
Engaging Bahraini civil society is a 
fundamental aspect of the public awareness 
strategy. It should be an interactive process 
in which different parties are identified, 
approached and then involved in a dialogue 
around climate change issues. Each group 
will need to understand their particular 
roles, responsibilities and ways for making 
their voices heard, and for building 
consensus for social action. For policy 
makers and other interested groups, the 
ultimate aim is to channel new social norms 
and attitudes that emerge toward concrete 
actions that can address climate change.  

There are several types of civil society 
groups that will be engaged. First and 
foremost, these include children, youth and 
teachers who together represent the best 
hope of a new generation of an 
environmentally sensitized citizenry. 

Governmental policy and decision makers 
also have an important role to play in 
shaping of new policies, together with a 
range of non-governmental and civil society 
organizations that can bring their 
perspectives on new legislation or policies 
needed.  

The media – television, radio, and print - 
should also be engaged as a way of 
harnessing the way the climate change 
message is communicated to the general 
public.  

Other key groups include the scientific and 
academic community with the potential for 
developing new environmental curricula, 
religious leaders who can stress that 
conservation and environmental protection 
are civic as well as religious duties, and the 
private sector (primarily industrial facility 
operators) which has such a role to play in 
achieving significant GHG emission 
reductions. 

%R[������.H\�REMHFWLYHV�RI�%DKUDLQ¶V�3XEOLF�
Awareness Strategy on Climate Change 

�� Identify and increase levels of environmental 
awareness among key segments of Bahraini society  

�� Protect the environment, rationalize natural resource 
use, and reduce resource depletion rates 

�� Inculcate in the younger generation a set of values 
and ethical standards that will lead to proactive 
attitudes and behavior toward climate change and 
environmental protection 

�� Facilitate public participation and support for 
resource conservation  

�� Enhance institutional capacities of various 
government departments, civil society, industrial and 
economic organization relevant to climate change, 
environmental management, and resource 
conservation 

�� Establish networks for influencing social, economic 
and environment policies to be more conducive to 
sustainable development 

��Target influential private and civil society groups for 
raising awareness campaigns regarding specific 
adaptation, mitigation and vulnerability reduction 
policies and measures that could be effectively 
implemented  
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7DEOH������6SHFLILF�0HDVXUHV�LQ�WKH�3XEOLc Awareness Strategic Plan 

Target Groups Objectives Message Ranked Programs & Activities 
Legislature © Government Officials  © Members of 

Parliament & 
Consultative Council © Members of 
Municipal Councils 

 

© Develop advocacy networks © Enact legislation on emissions, cleaner production, and 
coastal infrastructure standards; allocate necessary funds © Apply "polluter pays" principle © ICZM and take precautionary measures against SLR © Address transport and emission problems © Promote energy conservation © Encourage scientific research & information dissemination 

© Bahrain highly impacted by climate 
change (sea level rise and 
temperature increase) © Highlight economic and health costs  © Imperative to take appropriate 
measures to alleviate impacts, 
implement adaptation policies, and 
lower emissions 

© ª« ¬ ®¯ ° ±²³ ² ±²  ´µ visit decision makers, meet 
Parliament Committee members, write letters 
to decision makers © ª« ¬ ¶¯ ° ±²³ ² ±²  ´µ convene special symposium 
for decision makers © ª« ¬ ·¯ ° ±²³ ² ±²  ´µ  prepare technical reports on 
climate change with particular emphasis on 
costs  

Industry © Government Officials © Private sector 

© Reduce energy consumption and lower emissions © Adopt cleaner production and clean technologies © Encourage landscaping and greening activities (sinks) 
 

© Energy conservation and cleaner 
production technologies increase 
competitiveness  © Tree and shrub planting can lower 
emissions around factories and in 
Bahrain in general 

© ª« ¬ ®¯ ° ±²³ ² ±²  ´µ visit factories to introduce 
CC, discuss roles to address CC, encourage 
service © ª« ¬ ¶¯ ° ±²³ ² ±²  ´: coordinate symposium for 
factory owners with Chamber of Commerce 

Public ¸ Citizens  ¸ Expatriate groups 

¸ Raise awareness of CC among the public at large ¸ Demonstrate the importance of lowering consumption in 
emission reductions and resources conservation ¸ Develop national technical capacity for adapting to CC 

¸ Rationalization and conservation 
helps to address adaptation to CC ¸ Tree and shrub planting can reduce 
pollution and absorb GHG emissions  ¸ Water/electricity conservation is 
essential 

¸ ª« ¬ ®¯ ° ±²³ ² ±²  ´µ conduct public seminars ¸ ª« ¬ ¶¯ ° ±²³ ² ±²  ´µ conduct media campaigns 
(newspapers, TV, radio, road signs, etc.) ¸ ª« ¬ ·¯ ° ±²³ ² ±²  ´µ arrange exhibitions at public 
events, festivals, and shopping malls 

Youth ¸ Elementary students ¸ University students 
 

¸ Create an environmentally aware and active generation  ¸ Build wise environmental behaviors in the next generation ¸ Increase participation of youth in environmental issues  ¸ Increase influence of youth in society at large as activists 
and advocates for environmental protection 

¸ Environmental protection and 
resource conservation are national 
responsibilities 

 

¸ ª« ¬ ®¯ ° ±²³ ² ±²  ´µ incorporate climate change 
issues in school curricula and activities ¸ ª« ¬ ¶¯ ° ±²³ ² ±²  ´µ conduct leadership 
workshops ¸ ª« ¬ ·¯ ° ±²³ ² ±²  ´µ hold competitions ¸ ª« ¬ ¹¯ ° ±²³ ² ±²  ´µ involve/support youth in 
conferences, workshops, meetings on CC 

Trainers, Advocates ¸ Educators  ¸ Religious leaders ¸ Celebrities  ¸ Media & Intellectuals 

¸ Create and raise awareness and understanding of CC 
among this group ¸ Convey messages and information to the public about 
importance of addressing climate change issues 

¸ Resource conservation & 
environmental protection is both a 
civic and religious duty   ¸ Improving energy/water consumption 
patterns reduces wastes and pollution 

¸ ª« ¬ ®¯ ° ±²³ ² ±²  ´: conduct training workshops 
for trainers and advocates ¸ ª« ¬ ¶¯ ° ±²³ ² ±²  ´µ hold awareness building 
workshops for educators, religious leaders, 
celebrities, media & intellectuals  

Civil society groups ¸ Political NGOs ¸ Environmental 
NGOs ¸ Labor unions 

¸ Raise awareness of the problem of CC ¸ Work together in raising awareness and mitigating 
impacts & adaptation ¸ Monitor compliance in emission reductions 

¸ Let us work together  ¸ ª« ¬ ®¯ ° ±²³ ² ±²  ´µ hold meeting with civil 
society groups to discuss local CC impacts ¸ ª« ¬ ¶

 Activities: meet with representatives of 
the General Union of Bahrain Labor ¸ ª« ¬ ·¯ ° ±²³ ² ±²  ´µ Meet with NGOs & leaders ¸ ª« ¬ ¹¯ ° ±²³ ² ±²  ´µ hold public seminars on CC 
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The types of methods and tools to be used to 
engage civil society groups will depend on 
the nature of the particular group. It will 
include awareness campaigns, publications, 
films and videos, internet sites, conferences, 
and so forth. 

��� Strengthen National Capacity 
The strengthening of national capacity is 
essential for sustaining actions that emerge 
from the awareness building strategy. In 
particular, strategic training programs are 
considered a constituent of individual 
capacity building as well as the most 
appropriate tool to develop human resources 
and facilitate the transition to a more 
environmentally sustainable world.  Hence, 
education, on-the-job training, and formal 
and informal skill development are core 
requirements for any proper capacity 
strengthening process. Their aim is to fill 
gaps in knowledge and skills that would 
help Bahraini individuals and communities 
to be actively and effectively involved in 
climate change issues. 

Training activities in Bahraini training 
institutes and centers are sectoral in their 
orientation with a clear job-specific focus.  
Vocational training, on job training and re-
training programmes are widespread.  A 
number of government ministries and the 
private sector have established a series of 
vocational training centers designed 
specifically to address certain needed 
expertise in industry, commercial and 
financial business. These  

In fact, there is no lack of training 
institutions in Bahrain that could be adapted 
and/or mobilized to address climate change 
concerns, However, a reorientation of their 
programmes to integrate climate change 
issues is a necessary step towards 
understanding practical implications of the 
intersections between national development 
and climate change. 

The specific areas recommended for 
capacity strengthening are as outlined 
below: 

��Environmental Affairs Agency. This 
section of the Public commission for the 
Protection of Marine Resources, 
Environment and Wildlife has the stated 
mission of creating a critical mass of 
sufficiently trained national experts in 
all areas related to climate change,  and 
to play an active and major role in 
planning, coordinating and  
implementing programmes of action. 

��Scientific institutions and NGOs. These 
contribute to scientific knowledge and to 
convey information on issues per 
training to climate change and its 
impacts on the Kingdom of Bahrain, yet 
are presently highly constrained with 
regard to climate change issues. 

��Vocational training institutions. Local 
training institutions will need to reorient 
their training curriculums to include 
climate change issues and to initiate 
training activities and workshops on 
GHG inventories, vulnerability and 
adaptation assessments and GHG 
abatement options. There is also a  need 
for training in monitoring of climate 
change and its impacts, use and 
interpretation of predictive models and 
formulation of climate change project  
proposals. 

��On-the-job training. There is a need for 
young researchers, analysts, engineers 
and others to receive training as part of 
the typical work experience. When 
combined with train-the-trainer 
program, there should be a multiplier 
effect for the rest of Bahraini society. 

��� Encourage Community-based 
Initiatives 

Community development, knowledge 
sharing and grass-roots communication for 
urban, sub-urban and village communities 
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are important initiatives that should be 
nurtured as part of a national public 
awareness strategy. 

There are many NGOs in the Kingdom of 
Bahrain that have formulated plans to 
strengthen the adaptive capacity of local 
communities to various stresses including 
climate variability. These plans have 
typically included community-based 
education, training, public awareness and 
demonstration projects. Such efforts 
extended to address climate change could 
help promote local community resilience to 
climate stresses and other environmental 
pressures.  It should also enhance local 
capacity building for participatory decision-
making and collective action. 

These initiatives, suitably interwoven with 
future plans and programmes of grass-roots 
NGOs, will enhance understanding of the 
climate change issues, and its implications 
for the Kingdom of Bahrain. It should also 
lead to the design and implementation of 
effective GHG mitigation and climate 
change adaptation measures. 
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