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Chapter 3  

Sources and Methods 

 

3.1. Introduction 

 

The objective of this study is, primarily, to use a novel technique for analysing historical 

information by utilizing geographical information system (GIS) technological tools. GIS 

facilitates collating information from disparate sources, bringing them to a common 

scale and performing analysis on conjoined datasets.  

Mostly the data pertinent to this study are historical records and maps, which are 

mainly in paper formats, GIS facilitates conversion into digital format. Secondly, it will 

integrate disparate data layers onto a common reference system for integrated 

analysis..  

This chapter discusses the prerequisites of this study which would help in performing 

analysis and interpretation in subsequent chapters. These preliminary requirements are 

– (i) GIS tools used in this study to carry out aforementioned processes, (ii) Data used, 

and (iii) Methodology for pre-processing raw data in order to bring them to a common 

reference system for use in integrated analysis, mapping and interpretation. 

 

3.2. Software 

In this study ESRI ArcView has been used for GIS data processing and mapping. GIS 

applications facilitate capturing data from paper maps, and other formats like CAD 

drawings, images and non-spatial tabular data, so they can be brought to a common 

spatial reference plane. In this study, the base map was recent topographic data 



64 

 

acquired from a governmental agency. Topographic data was created by using high 

precision ground survey information. This data comes in CAD format, which can be 

directly used in conjunction with other datasets.  

Once disparate datasets have been captured into the GIS system in digital format, the 

analytical tools could be utilized for statistical analyses and complex 3D surface 

analyses and visualizations. The thematic mapping enhances visualisation from 

different data through common colour coded thematic maps, in 2D or 3D. The thematic 

maps improve interpretation and help in gaining a better understanding between 

different datasets.  

 

3.3. Sources 

The mapping and identification of areas which are critical for preservation of cultural 

heritage can be achieved by collating enough data about the study area. GIS would 

then help integrate these diverse datasets by bringing them to a common mapping 

referencing system and allowing to be performed integrated analysis. 

For the purpose of this study several datasets have been identified which would help 

derive meaningful inferences about historical demographical patterns, urban 

characteristics and subsequently help in deriving assessments for future measures to 

preserve heritage. Some of the data was available in digital tabular formats whereas 

others were in paper map format. These datasets are: 

1. Demographic Data 

2. Topographic Data 

3. Age-wise Data 

4. Employment Data 
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5. Land use Data 

6. Remote Sensing Images 

7. Historical Maps and Photographs 

8. Building Data 

9. Field Data 

The following sections describe these various sources of data in detail, as well as the 

specific purpose that each of these performed in the study. 

 

Demographic Data 

Bahrain has been one of the most habited regions in the Gulf since almost 6000 BC. It 

has also been the centre for regional trade between India and other parts of the world. 

This caused population movements from India, Iran, Mesopotamia and the Arabian 

Peninsula into Bahrain and resulted in changes in political controls over the islands. 

Thus, it became impossible to distinguish between Bahraini and non-Bahraini people 

until the British decided to put up barriers to population movement at the turn of 20th 

century. At that time, the British distinguished Bahraini people from non-Bahraini, who 

had put themselves under their protection and jurisdiction. The Bahraini people 

therefore constituted a diverse ethnicity, including Sunny and Shia, Persian and Arabs, 

tribes, and slaves. The descendants of these groups of people define the vast majority 

of the present day Bahraini population. The non-Bahraini people identified at that time 

were only a handful, mainly constituting British and some Indian nationals (Franklin, 

1985).  

 

Purpose of Demographic Data 

The population and ethnicity information is very important for the purpose of this study 

because these factors played a crucial role in shaping the heritage and cultural values 
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of Bahrain. Bahrainis’ are a mix of people from Persia, the Arabian Peninsula, and 

tribes from India and other parts of the world. These people had developed a great 

history with distinct culture for Bahrain. After the discovery of oil in the 1930s, however, 

the situation began to change and foreigners began to flow in. This influx resulted in 

the expansion of housing, industry, infrastructure development and towns. The 

environment, urban fabric and hence the culture of the country was radically altered 

(Franklin, 1985). 

The purpose of using population and ethnicity information in this study was to 

determine how the influx of foreigners has affected the various parts of the country and 

particularly the study area. It is now known that the foreign influx is adversely affecting 

the cultural heritage of the country (Malik, 1979) for instance, it has been identified that 

many old neighbourhoods of Muharraq are predominantly occupied by Non-Bahrainis’, 

who are mainly poor class work forces, which is inflicting damage to the heritage 

buildings and disturbing the cultural integrity of the neighbourhood by forcing local 

residents to shift to different places due to the deteriorating situation. 

For this study the census information gathered from various sources includes: 

 Bahraini vs. Non-Bahraini population 

 Households occupied by Bahrainis and Non-Bahrainis 

 Age-wise characteristics of the population 

 Employment characteristics of the population 

  

It has been assumed that by processing these census data, a perception of the crucial 

parameters to be used in integrated analysis would emerge. These parameters would 

hopefully help to estimate the most and least adversely affected regions in Muharraq. 
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History of population data collection 

Since historical times, visitors to Bahrain have been recording information about people 

living on these islands. The official census commenced in 1941 and was conducted by 

the Central Informatics Organization (C.I.O.) which has been responsible for 

conducting it every ten years since. There has, however, been a dramatic population 

explosion after the last census in 2001. To determine the statistics for the period post 

2001, the C.I.O. has extrapolated data from previous censuses and has made use of 

data gathered from the Central Bank of Bahrain. 

The estimates prior to the commencement of the official census are based on land-use 

changes that occurred from around 5000 BC during the Ubaid period until the last 

century. Bahrain had been one of the most fertile regions in the Gulf and as such it has 

remained one of the most significant areas in this region. Furthermore, the Dilmun 

civilization in 2000 BC redistributed the copper from Oman to markets in Mesopotamia, 

increasing the importance of the islands of Bahrain which resulted in significant 

settlements springing up along the coast of Bahrain and spreading to its furthest 

reaches (Larsen, 1984).  

From the various archaeological records it has been determined that the greatest land 

utilization for agricultural use in Bahrain took place between 2000 BC and 1300 AD. 

The land utilization for agricultural purposes peaked around 2000 BC and subsequently 

decreased to the lowest utilization in 250 BC due to a decrease in rainfall and hence a 

reduction in agricultural land. However, by the first millennium AD the natural 

environment provided favourable conditions for an increase in agricultural growth and 

hence population growth increased. Agricultural development, declined once again by 

the 5th century AD due to raids by Samarians from eastern Arabia (Larsen, 1984). 
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The estimates beyond 2000 BC are not accurately determined because it is assumed 

that before that time the agricultural system was not fully developed. The period from 

1890 onwards, on the other hand, depicts modern population growth with no 

dependency on agricultural land. After the late 19th century an agreement between 

Bahrain and Great Britain took place. Bahrain thereafter started growing rapidly due to 

the migration of people from other British colonies. Furthermore, with this collaboration 

and increased medical care, the death rate also reduced. The population estimates 

prior to modern censuses are presented in table 3.1. The minimum and maximum 

population estimates are determined based on population density of 125 person / km2 

and 300 person / km2. It can be inferred from the graph resulting from the data in table 

3.1 that the population was proportional to the cultivated land area at any one time 

(Larsen, 1984). 

Population Trends 

The first official data relating to the urban and rural populations were recorded in 1930. 

Since then there have been seven population censuses conducted decennially from 

1940 to 2001. Prior to 1930, only estimates were available which had been derived 

from several factors, such as rates of growth from 1930. These parameters were used 

to estimate population size as late as 1890 (Larsen, 1984). 

Total Population 

From historical times, the population in Bahrain had been concentrated in two principal 

municipalities - Muharraq and Manama. This trend continues to dominate up to the 

present day, owing to the fact that almost 95% of the businesses are currently 

concentrated in Manama. As such the population is mainly settled in Manama and 

Muharraq, because of the position of these within the principal islands. 
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Table 3.1. Population and cultivated area for the pre-modern census period (Larsen, 
1984). 

 

 

Graph 3.1. Population changes during historical times. 

Since 1930 the census has been carried out by the Central Informatics Organization 

(C.I.O.) of Bahrain. In the beginning the census collected very basic data about 

population, including male and female counts for both Bahraini and non-Bahraini 

people. There had, however, been no detailed information for the population 

distribution in different municipal regions of Bahrain. From 1991 onwards, however, the 

C.I.O. started gathering detailed data by dividing each municipality into municipal 

blocks and subdividing each municipal block into census blocks. Due to the sensitive 

nature of this data, however, the statistics were summarized up to municipal blocks. 

Table 3.1 lists general census statistics from 1930 to 2001. The table shows total 

population and male and female counts for Bahrain at the time of each census. The 

adjacent graph depicts the same data (C.I.O., 2001). From graph 3.2 it can be inferred 

Period Cultivated Area Minimum Population Maximum Population 

6000 B.C. - - 1,000 

2000 B.C. 153 sq Km 19,125 45,000 

1250 B.C. 46 sq Km 5,750 13,000 

250 B.C. 65 sq Km 8,125 19,500 

1300 A.D. 153 sq Km 19,125 45,000 

1890 A.D. - - 19,000 
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that there has been an almost constant rate of increase in population in Bahrain up to 

2001.  

Table 3.2 Basic census data from 1941 to 2001 showing male and female counts. 

Year Total Females Males 

1941 89,970 41,703 48,267 

1950 109,650 51,049 58,601 

1959 143,135 65,513 77,622 

1965 182,203 82,819 99,384 

1971 216,078 99,764 116,314 

1981 350,798 146,005 204,793 

1991 435,683 187,361 248,322 

2001 650,604 276,955 373,649 

 

 

Graph 3.2 Representation of census data from 1941 to 2001 from table 3.2. 

Furthermore, statistics from the Bahrain Central Informatics Organization, suggest that 

the population of Bahrain is expected to have jumped from 742 561 in 2006 to 1 046 

814 in 2007 (Source: Central Bank of Bahrain, Dec. 2007 Economic Indicators, page 

4). This indicates a 34% increase in the population of Bahrain in a single year. This 

increase is due to a boom in real estate development and economic growth activities in 

Bahrain and other Gulf countries. It is further reported that population growth has been 

82.5% for non-Bahraini’s, while the Bahraini population increased by 15.3% only. 

However, the Bahraini population still shows a dramatic rise in population when 

compared to the previous years (CIO, 2001). 
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Ethnicity 

The population of Bahrain, prior to the official census, was made up of a number of 

ethnic and religious groupings, including Muslims, Christians and Jews. In 1783 when 

Al Khalifa conquered the island it was under the command of Shiite rulers. The Al 

Khalifa’s, on the other hand, were Sunni whereas the majority of island population was 

Shiite (Al Nabhani, 1998). Subsequently, other Sunni tribes started immigrating to the 

islands after the Al Khalifa’s began ruling (Al-Khalifa, 1996).  

The Shia in Bahrain were sub-divided into two groups – Bharanah (the Arab Bahraini 

Shia) and Ajam (the Persian, who came from Persia and India). The Sunni were also 

sub-divided into two groups – Arab Sunni and Persian Sunni also known as Huwalla 

(Fuccaro, 2000). 

With time, the Shiite population also grew. At present they are in a majority of between 

60% and 70%, while the Sunnis are less than 20% to 30%. This is firstly attributed to 

the fact that many Shi’a came from (Muhammara) Iran, Iraq and Qatef in Saudi Arabia 

and secondly because of the return of Qatari Arabian tribes back to Qatar at the 

request of the Qatari government (AlShemery, 2008). 

The Persian writer Abass Foroughy wrote of Bahrain that thetotal population of the 

island of Bahrain in 1930 was 120,656 of whom  120,000 or 99% were Muslim 

(Foroughy, 1951), who lived mostly in the villages. His data is presented in the 

following graph: 
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. 

From the above diagram it can be seen that within the Sunni sect, Utub (the royal 

family and their allies of Arabian tribes) is the biggest proportion of the Bahraini 

population. In the following diagram it is evident that Baharnah (Arab Shiites) had the 

greater majority of all the Shiites in the island of Bahrain during 1930 (Foroughy, 1951).  

 

Foroughy (1951) goes on to mention that with time the Sunni began to migrate to Qatar 

and at the same time the Shiites began to immigrate from Iraq and Abadan and al 

Qatef to Bahrain. From that time the Shiite majority began to increase even further in 

Bahrain. But the Shiites in Muharraq were not from Bahrain but had come with the 

royal family from Zubara in Qatar in 1783. They had stayed in Muharraq because they 

were mainly workers such as masons, goldsmiths and blacksmiths (Al Shemery, 2008) 

and took up residence on the east side of the old town (Mandeel, 1992). Subsequently, 

it became difficult to get statistics about the Shiites and Sunnites in Bahrain because of 

the sensitivity of the data. Some information is available in books, journals and theses 

that deal with this subject. Some knowledge about the proportion of Shiites in Muharraq 
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is important for this study because it gives an indication of how they affected the urban 

fabric, heritage and culture of the town. 

As per the census data of 2001, the ethnicity of Bahrain inhabitants consists of 62% 

Bahraini and 30% non-Bahraini. This Bahraini population is comprised of Muslim (Shi'a 

and Sunni) 81.2%, Christian 9%, other 9.8% (2001 census). There are no further 

details available about the population of various indigenous ethnic groups which form 

the nucleus of the present Bahraini population. 

Prior to 1940 there are records of the Bahraini population mentioned in various 

publications, such as the Records of Bahrain (1993). This archive edition provides 

useful data about the population in Muharraq towards the end of 19th century and 

mentions a population towards the end of the 15th century of around 30,000 people. 

This population was said to be resident in 4,000 houses with an average household 

size of 5 persons. 

Some sources indicate that during that time Muharraq consisted of at least 14 different 

communities accounting for almost 30,000 people (Wali, 1990). Most of these 

communities or tribes had come from various parts of the Arabian Peninsula and 

belonged to the two main subdivisions of Muslim Sunni and Shia. Sunni were 

predominant and also included the ruler and higher officials, whereas the Shia were 

mostly the labouring class people. The various tribes were:  

Sh. Abdulla Ali Bin Ali Al Ghasaser Al Sheikh Al Ghamra 

Al Bu Khamis Bu Kuwara Al Muawada Al Yousuf Bin Ahmed Ziyayiha 

Al Amamra Al Usfur Al Hayek Al Kharo  

 

These tribes formed the foundation for the settlement of the city and the fabric of the 

city. They lived in a very organized manner, whereby the rulers lived on top of the hill 
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forming the core of the city and the other tribes settled around the core based on the 

importance and functionality of each labour tribe (Wali, 1990). 

Employment 

The important factor which has been adversely affecting the culture and heritage of 

Bahrain is the continuous influx of people from outside into the country. These people 

are brought for various employments varying from fishing and trade to highly skilled 

intellectual work.  

Consideration of these facts suggested that employment information would be useful in 

analyzing the patterns of Bahrain and expatriate population in the different blocks, 

based on employment categories. This would help in determining the population 

employment characteristics and would illuminate whether or not these were indeed 

exerting an adverse effect on the urban and cultural values in the study area. 

 

Age-wise Population Information 

The demographic data is used in this study to determine the distribution of Bahraini 

people in different blocks of the study area. This would yield blocks that would require 

higher attention for conservators of traditional values. This is owing to the fact that old 

people tend to live traditional lifestyles. Older people could be an important resource for 

understanding and implementing conservation measures that may be undertaken 

based on the recommendations of this study.  

The best example of using senior citizens of the country to restore heritage to its old 

glory was enacted in the State of Qatar, where one of the famous and old suqs or 

markets has been restored to revive its historical past. The reconstruction of suqs 



75 

 

Wakif began in 2004, after a study of material and architectural techniques used during 

historical times. This information was largely obtained by interviewing senior citizens 

who contributed valuable insights. The restoration led to the replacement of modern 

buildings in the suq with an older architectural style building by replacing their walls and 

roofs in order to restore the alleys to the old style. (Soukwakif.com) 

 

Population Changes 

Bahrain is one of the most crowded countries in the Arab world. Bahrain has a total 

area of 720 sq. km and has a population of over 1 million. This population lives in only 

8-10% of the total area, of which 3% is used for agricultural purposes. Bahrain has the 

freest economy in the Gulf region and as the financial centre has gained significantly 

from the economic boom in the region. This sudden economic change has resulted in a 

drastic change in the population growth rate in the country. Changes in population 

growth patterns were also observed in the 1970s when the economy of the country 

shifted from a traditional to an oil based economy (Larsen, 1984) 

Table 3.3 shows the census data from 1941 to 2001 and contains counts for Bahraini 

and non-Bahraini people as well as for males and females. The table also shows the 

percentage of annual growth by taking the difference in growth from the previous 

census.  

Data from Table 3.3 has been depicted in Graph 3.3, which displays the total counts for 

Bahrainis and non-Bahrainis as well as the total population and also provides the 

percentage of annual change for each of these categories. 

 



76 

 

Table 3.3 Census data from 1941 to 2001 containing Bahraini & non-Bahraini 

population. 

 

Census year Total Female Count Male Count % Change Annual Change 

      

Bahraini Population     

1941 74,040  ...  ...  ...  ... 

1950 91,179  ...  ... 23% 2% 

1959 118,734 58,821 59913 30% 3% 

1965 143,814 71,446 72,368 21% 2% 

1971 178,193 88,421 89,772 24% 2% 

1981 238,420 118,496 119,924 34% 3% 

1991 323,305 159,852 163,453 36% 4% 

2001 405,667 201,044 204,623 25% 3% 

      

Non-Bahraini Population     

1941 15,930  ...  ...  ...  ... 

1950 18,471  ...  ... 16% 2% 

1959 24,401 6,692 17,709 32% 3% 

1965 38,389 11,373 27,016 57% 6% 

1971 37,885 11,343 26,542 -1%  ... 

1981 112,378 27,509 84,869 197%  ... 

1991 184,732 53,839 130,893 64% 6% 

2001 244,937 75,911 169,026 33% 3% 

      

Total Population     

1941 89,970 41,703 48,267  ...  ... 

1950 109,650 51,049 58,601 22% 2% 

1959 143,135 65,513 77,622 31% 3% 

1965 182,203 82,819 99,384 27% 3% 

1971 216,078 99,764 116,314 19% 2% 

1981 350,798 146,005 204,793 62% 6% 

1991 435,683 187,361 248,322 24% 2% 

2001 650,604 276,955 373,649 49% 5% 

Source: CIO, 2001. 
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Graph 3.3. Graphs depicting counts of Bahraini, non-Bahraini and total population data 

for official census data from 1941 to 2001. 
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The population for 2002-2007 has been estimated using census data up to 2001. 

These estimates are presented in the following table 3.4. The data is also used to 

generate graphs as shown in graph 3.4. These graphs shows total counts for Bahraini, 

non-Bahraini and total population as well as the annual percentage change in 

population from 1941 to 2007. 

 

Table 3.4. Population estimation for 2002-2007  

Year Total Female Count Male Count Annual Change 

     

Bahraini Population    

2001 405,667 201,044 204,623 3% 

2002 417,940 207,126 210,814 3% 

2003 427,955 212,107 215,848 2% 

2004 438,209 217,190 221,019 2% 

2005 448,491 222,304 226,187 2% 

2006 459,012 227,519 231,493 2% 

2007 529,446 262,009 267,437 15% 

     

     
Non-Bahraini Population    

2001 244,937 75,911 169,026 3% 

2002 254,184 78,777 175,407 4% 

2003 261,463 81,033 180,430 3% 

2004 268,951 83,353 185,598 3% 

2005 276,154 85,586 190,568 3% 

2006 283,549 87,878 195,671 3% 

2007 517,368 147,782 369,586 82% 

     

     

Total Population    

2001 650,604 276,955 373,649 5% 
2002 672,124 285,903 386,221 3% 

2003 689,418 293,140 396,278 3% 

2004 707,160 300,543 406,617 3% 

2005 724,645 307,890 416,755 2% 

2006 742,561 315,397 427,164 2% 

2007 1,046,814 409,791 637,023 41% 
Source: Central Bank of Bahrain, 2007. 
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Graph 3.4. Graphs generated using data from table 3.4 showing population and 

percentage change in population per year from 1941 to 2007. 
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It can be observed that the population shows a sudden increase in growth between 

1971 and 1981, touching almost above 6% and around 5% during 1991-2001. The 

period from 1971-1981 was the time when the first changes in the economic patterns 

became apparent. These had come about as a result of changes from traditional 

methods of production to an oil based economy. Phenomenal growth of 41%, however, 

has been recorded for the 2006-2007 period which is significantly higher than any 

previous significant growth. 

This sudden population explosion can be attributed to the greater influx of expatriates 

due to the boom in the real estate sector and other associated industries. For the years 

2006 to 2007 there has been an 83% rise in the non-Bahraini population, whereas the 

Bahraini population rose by 15% during the same time. This is quite abnormal when 

compared to any past census observations. 

 

Employment 

The census data collected for 2001 also contains data about working people in Bahrain 

for each administrative block. It also contains the count of people for each of the 

different major employment categories. This data shows that agriculture, fishing and 

manufacturing are at the moment the dominant employment categories. Electrical, 

construction and government sectors are the second largest employment sectors in the 

country. It also shows that 30% of all the employed people in Bahrain live in the capital 

town of Manama. Another 15% each live in Muharraq and Riffa towns. The remaining 

40% are distributed across other municipalities. 

A comparison of the population distribution in Bahrain with the count of employment in 

each municipality (table 3.5) shows that there are more employed people in Manama 

then Muharraq, even though the population count of Manama is less than Muharraq. 
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Table 3.8: Count of people in Bahrain for different employment categories. 
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Hed Town 125 26 1384 471 271 254 308 1816 871 5526 

Muharraq 685 361 4207 2865 4637 2276 2717 14693 5932 38373 

Manama 1162 524 14875 9441 23739 3788 8865 17163 1006

2 

89619 

Jedhafs 341 182 3046 2005 3890 1270 1654 4625 1693 18706 

Alshmaliah 469 120 2018 1596 2036 952 1651 4043 2708 15593 

Sitra 595 281 7522 4030 2295 1112 1770 3031 687 21323 

Alwosta 274 248 6439 2617 3405 983 1727 4968 2555 23216 

Isa Town 65 116 1194 419 1635 883 898 5985 2098 13293 

Riffa 260 581 5599 3984 3446 923 1832 17861 6998 41484 

Algarbiah 399 138 2265 996 940 373 580 2788 757 9236 

Hawar  0 0 0 1 21 0 0 18 0 40 

Hamad 

Town 

106 203 1424 506 1251 950 673 6989 1938 14040 

Total 4481 2780 49973 28931 47566 13764 22675 83980 3629

9 

290449 

 

Table 3.9: Count of people in the Study area for different employment categories. 
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203 24 9 322 399 416 102 254 1312 306 3144 

205 12 12 274 222 258 87 102 791 235 1993 

206 9 11 162 105 145 98 114 537 183 1364 

208 13 18 264 168 285 90 147 535 196 1716 

209 17 1 210 240 181 52 92 465 155 1413 

211 76 3 369 242 361 36 103 358 121 1669 

213 38 5 325 289 365 43 109 536 211 1921 

214 16 4 158 109 190 49 56 298 115 995 

216 38 15 298 225 286 91 107 920 269 2249 

Total 243 78 2382 1999 2487 648 1084 5752 1791 16464 

 

Table3.10: Male and Female count for Working Bahraini and Non-Bahraini population. 
 BAHRAINI NON-BAHRAINI TOTAL 

Block Male Female Total Male Female Total Male Female Total 

203 576 179 755 2169 220 2389 2745 399 3144 

205 406 152 558 1219 216 1435 1625 368 1993 

206 523 175 698 536 130 666 1059 305 1364 

208 594 148 742 815 159 974 1409 307 1716 

209 238 86 324 983 106 1089 1221 192 1413 

211 113 41 154 1463 52 1515 1576 93 1669 

213 300 78 378 1423 120 1543 1723 198 1921 

214 231 65 296 627 72 699 858 137 995 

216 799 184 983 1078 188 1266 1877 372 2249 

Source: CIO, 2001 
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Critical Analysis of Census Data 

As previously explained, the basic problem with Bahraini ethnicity data is that until the 

late 19th century it was difficult to distinguish between Bahraini and non-Bahraini. This 

only changed when the British decided to stabilize the borders to stop population 

movement. Prior to 1940s there were hardly any foreign workers in the country, 

however after the emergence of an oil-based economy the demand for additional 

labour resulted in an increase in the expatriate population. 

The 1959 census provided the first data on employment. It reported that 17% were 

foreigners, who also represented one-third of the total work force. In 1960, the growth 

of this development accelerated and in 1971 the census indicated that 18% of the 

population were foreigners, representing 38% of the total work force. After 1971, the 

major economic boom in Bahrain caused a sudden explosion in the expatriate 

population. By 1981, the census showed an almost 32% growth in the foreign 

population since the pervious census. This period had a dramatic change on the 

composition of the foreign work force. It also shows a sudden drop in non-Bahraini 

Arabs and the Iranian population as well as an increase in the number of Asians in the 

work force. This final sector had increased from 12,000 in 1971 to over 86,000 in 1981 

and included workers from Korea, Thailand, and the Philippines as well as Europe and 

America. 

From 1971 to 1981, there is evidence that the majority of foreign workers were 

employed in the construction sector. This sector showed a drastic reduction in its 

utilisation of Bahraini workers, from 54% in 1971 to just 13% in 1981. Also, the 

agriculture and fishing sector showed a 19% decline in the Bahraini work force. This 

period, however, shows an almost 137% rise in the Bahraini employment rate, mainly 

owing to the increase in the participation of women and a marginal decrease in the 

male workforce. In brief, the general occupation trends suggest that the Bahrainis were 
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mainly in the trade and public sectors while the foreigners were in private production 

and services. This trend is similar to the one observed in Kuwait in the 1950s (Franklin, 

1985). 

One of the important factors to bear in mind when trying to make sense of this data is 

the impact of illegal foreign immigrants. As per the official report by Labour Market 

Regulatory Authority (L.M.R.A.) in 2007, there had been almost 60 000 illegal workers 

in the country, who were offered amnesty (L.M.R.A. website, 2008). 

As mentioned initially, the census data is collected from the C.I.O., which conducts and 

compiles the census information. From this data, it is possible to infer that almost all 

the population is covered from infants to elderly people in Bahrain. Furthermore, the 

data collected in 2001 census provides comprehensive information about employment 

data, ethnicity, country of origin and other details. 

The age-wise demographic data would help determine the damage pattern in the study 

area by assessing the distribution of senior and younger citizens. Information about the 

old population, for example, would indicate the possible existence of some traditional 

values because of the fact that old people tend to live according to more traditional 

values. Those people may also be an important resource for the understanding and 

implementation of conservation measures that would be undertaken. A declining 

number of young and middle age Bahrainis from Muharraq would suggest the gradual 

loss of traditional values as the younger population gets disconnected from the older 

generation or the people who still preserve some heritage values.  

The only drawback relates to instances in which the findings of the study are outdated 

by the time they are put forward for conservation ideas. Even though the data is 

significantly accurate, its importance may deteriorate because of the inevitable time 

delay between data collection and actual utilization. 
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Topographic Data 

The topographic data provide valuable additional facets to the research, including 

buildings, roads, area names, road names, locations of landmark buildings, ground 

elevations, and coastline features. This data is maintained and continuously updated 

by the Survey Directorate and Land Registration Bureau (S.L.R.B.) of Bahrain, a 

governmental agency which uses highly accurate surveying techniques. 

 

Purpose of Topographic Data 

For this study, the data is useful in deriving several important spatial parameters, 

including:  

1. Digital Terrain Model (DTM) 

2. Building outlines  

3. Building type and conditions 

4. Heritage and landmark buildings 

These parameters are essential to this study as they help to produce thematic maps for 

the buildings in the study area. They also provide the ability to perform spatial analysis 

in order to better understand the current situation regarding heritage in the study area. 

The DTM assists with visualizing the topography of the region in both 2 and 3 

dimensions. A DTM is especially important in order to: 

 fix the current state of heritage buildings 

 assist in reconstruction of these objects 

 create 2D / 3D maps to analyse the urban landscape 

History of Topographic Mapping in Bahrain 

Topographic maps of Bahrain were produced as early as 1825 at the scale of 1 inch to 

2 miles. The first survey of Bahrain, however, was undertaken by the Royal Navy in 
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1817, producing a plan of Bahrain. The Navy surveyed only the waters to the north 

east of Bahrain in order to produce a sketch of the shoreline and prominent features as 

a navigational aid. This first survey map of Bahrain is also the first to show the name of 

Muharraq in English. This map depicted the anchorage points where the naval ship 

stopped along the survey as well as the Bu Maher and Manama Forts. Apart from 

these features, this had no other significant purposes (Jarman, 1996). 

The second survey of Bahrain took place in 1818 and was conducted by the East India 

Company. The data was published as a chart in 1820 although this time the survey 

was conducted from the waters on the north-west side of Bahrain. The most significant 

feature of this map is the depiction of Zubara, the ancestral home of the current ruling 

family, the Al-Khalifa's (Jarman, 1996). 

The maps produced from the first two surveys depicted a very strange shape of 

Bahrain, owing to the fact that they were conducted primarily from the water. In 

addition, these maps do not show the Hawar islands as part of Bahrain. (Jarman, 1996) 

The first modern map of Bahrain was produced in 1828 by the Naval Survey of the 

British East India Company. The survey was conducted in 1825 by Brucks, who was a 

lieutenant in the company. The significant features on this map were the precise 

information on  several important locations of Bahrain, such as Diraz, Riffa, and the 

ruins of Jaw, the spring of Adhari, the Al-Khamis mosque and several other locations 

(Brucks, 1928) (Map 3.1). 

Brucks used his knowledge of the local geography to describe the various parts of 

Bahrain that were being mapped by him. Brucks mentioned that one-fifth of the island 

was well watered and thickly inhabited but that the remainder was hilly or deserted. He 

mentions that the ruler, Sheikh Abdulla bin Ahmed, was residing in Muharraq with an 

approximate population of 7000 on the island and that Muharraq was a separate island 



86 

 

from Arad during very high spring tides. Brucks description is remarkably vivid in 

visualizing the geographical locations of each of the features. This map by Brucks, 

however, failed to depict Hawar Island. (Brucks, 1928) 

The first map to depict Hawar Island was published in 1826 and was entitled 

’Trigonometric Survey of the Arabian or Southern side of the Persian Gulf’ (Map 3.1). 

This survey was done once again by the East India Company, in 1820. The objective 

was to cover the entire southern side of the Arabian Gulf. Hence the survey information 

of Bahrain was compiled from the data acquired during the previous surveys. This 

survey, however, mapped some new features which had not been mapped earlier, 

such as the Hawar Islands. Furthermore, this survey showed the position of Bahrain in 

the context of the entire Gulf region for the very first time (Jarman, 1996). 

After 1820, no significant surveying activity was undertaken for several years. There 

were, however, surveys conducted by the Royal Navy in 1860 and again 1872 which 

resulted in general survey charts for the north-east part of Bahrain, the harbours of 

Bahrain as well as general maps of the Arabian Gulf. The only significant feature 

mentioned in the 1860 survey was burial mounds, which were mentioned as hillocks 

and mounds.(Jarman, 1996) (Map 3.2). The first land survey of Bahrain was conducted 

in 1901-1902 by the Survey of India. It presented a 1 inch = 1 mile scale, which 

contained all the details of towns, villages, tracks, roads and contours. The survey 

information was so useful that it was utilized up to 1952 by the Bahrain government. 
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Map 3.1 This 1825 Map by Brucks shows the locations of the first settlements of 
Muharraq and the old abandoned town of Jaw in the middle of the east coast of the 
main Bahrain island (Brucks, 1825). 
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Map 3.2 First reference to the town Muharraq (Maharag) with significant settlements on 
the main island (Jarman, 1996). 
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The Directorate of Military surveys of the British war office was subsequently enlisted to 

conduct surveying activity in search of oil. This occurred from 1915 onwards (Mugnier, 

2007). It produced maps at a scale of 1:253 440. In 1920, the Bahrain government 

initiated their own survey department, known as the Topographic Directorate, which in 

1967 was renamed as the Land Registration Directorate. Initially, this department just 

surveyed the villages and cultivated lands in detail. The department was, however, 

responsible for all national records in the field of property registration, maps, and 

surveying. The Topographic Directorate thereby completed the important task of 

conducting a general property survey and by 1926 had stored the information in a 

general survey record. This is still considered to be the most important survey data 

available (Naji Sabt, 2007). 

There was no further significant surveying activity undertaken by the department and 

the coming of the Second World War put an end to all surveying activities. When the 

need for updated maps was realized, a British company was again commissioned to 

complete the survey of Muharraq and Manama in 1951 (Map 3.3). The last non-metric 

survey by a British company was conducted in 1968, before the formation of the 

Survey Directorate of the Bahrain Government in 1977. Due to the urgency of the 

situation, however, and the high cost of printing the objectives were not fully realised 

and the new maps were merely reproduced from the last survey, reduced in scale and 

printed. As such the 1:1 mile scale factor was lost on those maps. In 2003, the Survey 

Directorate was merged to form the current Survey of Land Registration Bureau of 

Bahrain(SLRB). SLRB is now responsible for managing the key strategic spatial data of 

parcels, topographic and hydrographical data. These data sets form the basis for any 

developmental planning activities in the Kingdom of Bahrain. The topographic data is 

also the base data for all land surveys. This data is being maintained in 1500 CAD file 

format map sheets. These map sheets are a highly detailed source of information and 

are produced at 1:1000 scale in 2-dimensions, although data is being collected with 
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elevation for the 3rd dimension. The survey data is captured with the help of permanent 

GPS base station networks comprising of four main stations 70km apart and a control 

centre (S.L.R.B., 2008). 

 

Critical Analysis of Topographic Data 

The topographic data, as mentioned in the foregoing sections, is the only source to 

accurately determine various important parameters of topography such as building 

outlines, building type, building condition and ground elevation. It is, however, also 

important to understand that the collection of all of these pieces of information is an 

extremely time consuming and expensive task. As such there is a significant time 

difference between the time of data collection and the availability of topographic data in 

digital format. The data collected in this study is the 2006 release, which implies that 

the actual field data collection must be at least six months to one year old. This 

inherent problem in topographic data is being compensated with the use of satellite 

images acquired for 2006. These satellite images, even though less accurate 

positionally, help to identify buildings which were not obvious in the topographical data 

or that have been constructed or demolished after its collection. To some extent the 

field survey data also compensates for any missing information in topographic and 

satellite image datasets. 
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Map 3.3 The first topographic survey map of Muharraq produced by a British company 
in 1951 at 1:2400 scale, clearly depicting the urban fabric with each building and their 
courtyards (Jarman, 1996). 
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Land use Data 

One of the most crucial pieces of information for the purpose of heritage conservation 

and preservation is the existing pattern of land usage in the study area. Ideally, data of 

this type should be able to provide information about land use characteristics 

segregated by residential block in the study area. Data of this sort was available as 

statistical information relating to the areas covered by traditional housing, conventional 

housing, total built-up area, and total area of blocks. This information was gathered 

during the 2001 census by the Central Statistical Organization of Bahrain (CIO, 

Publications). 

Remote Sensing Images 
 

The high resolution satellite images are an important source of information for: 

I. change detection in the region 

II. determining changes in the urban fabric, urban density and growth 

III. observing changes in the coastline  

IV. observing building characteristics  

V. observing topographical changes 

VI. mapping changes in the land use  

These aforementioned parameters are crucial for spatial and temporal analysis 

because they all contribute to an understanding of urban development patterns and the 

ways in which these may be changing. 

The remote sensing images for Bahrain have been available from the time oil was 

discovered in Bahrain in the late 1930s. Up to 1990 these images were acquired from 

aerial photography, which was expensive and had several limitations and errors. With 

the inception of satellite imaging technology, however, it became easier and 
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significantly cheaper to capture repeated images of an area at a fraction of the cost and 

with significantly more information than was possible with aerial photos. 

The first remote sensing data for Bahrain was captured using aerial surveying in the 

early 20th century, primarily for the purpose of detailed topographic mapping. This 

aerial survey was performed by the British company, Hunting Aerospace. The survey, 

which began in 1940, was completed in 1951 (Jarman, 1996) (Fig 3.4). 

Aerial photography continued to be an important military surveillance and 

reconnaissance tool right up to the point at which satellites became feasible in the latter 

half of 20th century. The satellite data was significantly cheaper and more up to date, 

as it could be acquired for a bigger area and very frequently at continuous intervals. 

For the purpose of this study several images of Muharraq were gathered from S.L.R.B. 

and other sources. These images include: 

Aerial 

Photographs 

1964 Helps assess change from 1964 to 2007 Muharraq. (Map 3.4) 

Satellite Images 2004 

 

Provides a very detailed birds-eye view of the area and helps 

understand the fabric and growth of the city more accurately. 

Aerial Photograph 2007

  

These aerial oblique photographs have been taken as part of 

aerial reconnaissance survey to monitor urbanization (SLRB, 

2008). (Fig 3.5 a, b) 
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Map 3.4 The first remote sensing image of Bahrain captured in 1940 by the British 
company, Hunting Aerospace. 
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Fig 3.5 Aerial oblique photographs providing high resolution pictures of part of 
Muharraq, providing alternative ways of assessing urban characteristics. 
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Critical Analysis of Remote Sensing Data 

The remote sensing data considered for the purpose of this study includes old aerial 

images as well as the latest high resolution satellite images. As has been mentioned in 

the analysis of the topographic data this satellite data could help to compensate for the 

time lag in the acquisition of the topographic data. Furthermore, the old aerial 

photographs would help in providing valuable insight into urban fabric during the time 

prior to the collection of the topographic data. Of course, the accuracy for these 

satellite images is significantly lower than photographs. The former are accurate up to 

about 15m, while the latter are accurate to a sub-centimetre. For the purpose of this 

study, however, satellite images are accurate enough because the ultimate objective is 

to understand the general urban fabric and building pattern in the region, which does 

not require great degrees of accuracy. 

Another issue with this data was the cost and security. These factors make it very 

difficult to procure satellite images for personal use, forcing many researchers to be 

dependent upon S.L.R.B. who procures these images in the country. The most recent 

set of images available with S.L.R.B is dated to 2004; hence there is unavoidably a 

significant time gap between the information extracted from this data and the time at 

which it was actually used. 

Historical Map and Photographs 

Bahrain, as has been mentioned previously in this chapter, has very rich and old 

historical significance. It has been mentioned in ancient literature since almost 3000 

B.C. In addition, various people who passed through Arabian Gulf have stopped in 

Bahrain and noted their experiences and observations in diaries (Palgrave, 1864). And 

since knowledge of cartography was available to these people, they often attempted to 

map their observation as accurately as possible at different times in history. 
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The historical accounts of Muharraq maps were acquired from disparate sources in 

order to enhance the cartographic knowledge available to the study and to explore the 

area in the greatest possible detail. The maps often provide varied accounts of 

Muharraq, which is important for the purpose of this study as they provide valuable 

insight into the growth and development history in Muharraq. The following table shows 

a list of the maps that were consulted as well as their sources and author information. 

Year Description Source 

1817 A Plan of the Islands of Bahrain and Arad, 1817 (Fig 3.6) Jarman, 1996 

1828 Trigonometrical Plan of the Island and Harbour of Bahrain on the Arabian 

side of the Gulf of Persia. (Map 3.1) 

Brucks, 1828 

1915 Map of Gulf by Lorimer showing the Pearl banks in the region, major 

towns and sites in the early 20th century. (Fig 3.7) 

Lorimer 1915 

A literature survey for this study provided the unique opportunity to obtain an important 

photo of part of Muharraq, which shows some remarkable features of the town. This 

photo has never before been published in Bahrain, and has therefore kept secret some 

of the information about the heritage of Muharraq (Jarman, 1996). This photo is able to 

provide significant clues about the immediate urban history of Muharraq prior to its 

modern development and growth in the 20th century (Fig 3.8). 

 

Building Data 

Information about the type and conditions of buildings in the study area is important 

because it would be able to provide precise targets for conservation and preservation. 

The attributes of buildings could be derived from the topographic data, which has 

several important parameters embedded in the latest digital datasets. Further attributes 

could be derived from  
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Map 3.6 A Plan of the Islands of  Arad, 1817 
(Jarman, 1996). 

 

 

Map  3.7  Map of Gulf by Lorimer showing 
the Pearl banks in the region, major towns 
and sites   in the early 20th century (Lorimer 
1915) 

 

 

Fig 3.8 A photograph of part of Muharraq taken by an anonymous photographer in 1870. 
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the processing of other datasets, including satellite and aerial photographs, field 

surveys, ancient maps and literary sources. 

The topographic data contains information such as building outlines, names of 

historical buildings, religious places and landmarks and the condition of the buildings to 

some extent. 

 

Field survey 

An extensive survey within the study area has been performed by visiting individual 

buildings in the core of the study area, especially in the two major neighbourhoods – 

Bin Khater and Sheikh Abdullah. The data collected included – addresses of the 

buildings, and their heritage significance – (i) buildings of primary importance with 

architectural significance, (ii) buildings of secondary importance which have ordinary 

heritage value, and (iii) prominent landmark buildings of heritage value. Appendix A 

lists individual buildings, addresses, and significance. Additional information where 

available has been collected which provides historical details, owner information and 

any pertinent information about each house.  

In order to determine the present condition of the various features of importance for the 

study, a detailed survey was undertaken. A summary of this field data collection is 

presented in Appendix A (Map 4.20).  

This information would help during analysis and during the establishment of 

conservation zoning rules. The data collected during this survey includes the condition 

of houses, especially the heritage houses and other important buildings relevant for 

conservation. The field data gathered includes: 
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 Building condition 

 Building type 

 Neighbourhood information 

 Urbanization characteristics 

 Age of establishment of neighbourhood 

 Photograph of the heritage site 

 Verifications and Analysis of historical characteristics  

 

3.4. Methods 

The data that was collected from the various sources had to be converted to a GIS 

compatible format in order to be useful for analysis and interpretation. The section 

describes the processing that was undertaken in order to bring the dataset gathered in 

the previous section to a common referencing or coordinate system. The pre-

processed data serves as an input to the next level of processing, known as post-

processing. This stage essentially involves deriving information from the various data 

layers generated during pre-processing. These are then analyzed to derive meaningful 

conclusions. 

Demographic Data Processing 

The demographic data was available as digital tabular data and the only key element in 

making this data available to other datasets was to obtain the administrative block 

numbers. Secondly, the data has several attributes which must be processed to extract 

meaningful information suitable for the purpose of this study. 

This study made use of data from the 2001 census, because after 2001 the data is 

projected information from previous census and other indirect sources. It can be 

observed that the population distribution in Bahrain, as tabulated in table 3.5, indicates 

that Muharraq had the highest proportion of the total population (16%), whereas 
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Manama had only 12% of total population despite it being the main commercial town in 

Bahrain. Even other towns like Jedhafs, Riffa and Hamad Town have almost 12% each 

of the total population. 

Table 3.5. Population count for each municipality in Bahrain as per 2001 census. 

Municipality Population % of Total 

Hed Town 8534 1.99% 

Muharraq 67779 15.84% 

Manama 49414 11.54% 

Jedhafs 45429 10.61% 

Alshmaliah 33089 7.73% 

Sitra 30201 7.06% 

Alwosta 36858 8.61% 

Isa Town 33534 7.83% 

Riffa 49962 11.67% 

Algarbiah 21775 5.09% 

Hawar 0 0.00% 

Hamad Town 51442 12.02% 

Total 428017 

 

 

A detailed breakdown of the population distribution for each administrative block of 

Muharraq has been collected from the 2001 census (Table 3.6). This data provides 

valuable information for the purpose of this study: showing Bahraini and non-Bahraini 

population figures for each block in the study area. It can be easily assessed that four 

out of nine blocks of the study area have Bahrainis dominating non-Bahraini people. 

Block 211 has more than double the number of expatriates, while other four blocks are 

dominated by the expatriate community.  
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Table 3.6: Male/Female count of Bahraini and Non-Bahraini in the study area for the 

2001 census. 

Block Bahraini (BH) Non-Bahraini (NBH) Total BH/NBH 

203 2651 4107 6758 0.65 

205 1582 2129 3711 0.74 

206 2710 1026 3736 2.64 

208 2780 1511 4291 1.84 

209 1047 1568 2615 0.67 

211 543 1885 2428 0.29 

213 1317 2043 3360 0.64 

214 1090 983 2073 1.11 

216 3402 2086 5488 1.63 

 

Table 3.7 shows the total and average household numbers for each block in the study 

area. It can be observed that the blocks with a low Bahraini to Non-Bahraini ratio also 

have high non-Bahraini household numbers, as in Block 203 and 211.  

 

Table 3.7: Average and total Households for the Bahraini and Non-Bahraini population. 

BLOCK AVE.HH TOT. HH 

AVE.HH 

NBH 

TOT. HH 

NBH 

AVE.HH 

BAHRAINI 

TOT. HH 

BAHRAINI 

203 5 1156 4.8 609 5.4 547 

205 4.5 665 4.1 292 4.8 373 

206 5.3 648 4.1 148 5.7 500 

208 5 755 4.3 197 5.2 558 

209 4.8 438 4.5 208 5.1 230 

211 4.2 347 4 219 4.5 128 

213 4.7 514 4.2 239 5.2 275 

214 4.9 359 3.9 149 5.5 210 
216 4.8 1017 4 308 5.1 709 

In order to utilize this data in GIS, ArcView provides the ability to link tabular data with 

an administrative block boundary polygon feature class and subsequently use the 

attributes in the tables to perform mapping and analysis. This data is subsequently 

used to generate thematic maps depicting variations in the Bahrain and non-Bahraini 

population in the region. 
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Topographic Data Processing 

The topographic data is available in CAD design file format as 1k map sheets covering 

an area of 1km x 0.5km. These map sheets are a highly detailed source of information 

and are produced at 1:1000 scales in 2-dimensions. The data therefore has no 

elevation information for the buildings or other structures. 

The topographic data, which is already digital GIS ready data, has some potential 

drawbacks in terms of its usefulness for GIS analysis. One of the major disadvantages 

is that the data is not polygonized. In other words the buildings are represented as a 

line feature. So for GIS analysis it cannot be used for counting the number of buildings 

or for assigning any attributes to the buildings. Consequently it cannot be utilized for 

integrated spatial analysis.  

In order to effectively utilize the topographic data for the purpose of this study, the first 

step was to extract the relevant building information out of each tile and merge it all into 

one single building line feature layer. This was then subsequently polygonized in order 

to create a polygonal representation for each building. Topographic data also contains 

names for landmark features and road names, which were extracted as point features 

for mapping purposes. 

 

Age-wise Distribution 

The age-wise population information acquired during the census is quite complex. The 

data was captured for each block according to different age groups, comprising the 

categories 0-14, 15-24, 25-34, 35-44, 45-54, and 55+ years. The data was further 

divided into Bahraini and non-Bahraini, and male and female for each age group. In 

order to represent this complex data in a simple format for the ease of mapping and 

interpretation, it was imported into a GIS database. Thereafter it was processed to 
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make a single table which contained all the aforementioned attributes of population age 

groups. The following table contains the statistics of age-wise statistical data for the 

study area. 

Table 3.8 Age-wise population distribution in the study area. 

  AGE 
GROUPS 

BAHRAINI 
 

NON-BAHRAINI 
 

TOTAL 
 

  
  

MALE FEMALE BOTH  MALE FEMALE BOTH  MALE FEMALE BOTH  

205 0-14 247 253 500 183 211 394 430 464 894 

205 15-24 97 102 199 167 76 243 264 178 442 

205 25-34 132 123 255 496 178 674 628 301 929 

205 35-44 149 110 259 406 147 553 555 257 812 

205 45-54 55 58 113 158 54 212 213 112 325 

205 55-64 36 73 109 36 5 41 72 78 150 

205 65+ 73 74 147 11 1 12 84 75 159 

205 TOTAL 789 793 1582 1457 672 2129 2246 1465 3711 
  

    
  

   
 

 

BLOCK AGE 
GROUPS 

BAHRAINI 
 

 

NON-BAHRAINI 
 
 

TOTAL 
 
 

  
  

MALE FEMALE BOTH  MALE FEMALE BOTH  MALE FEMALE BOTH  

           

206 0-14 453 434 887 119 81 200 572 515 1087 

206 15-24 225 208 433 74 46 120 299 254 553 

206 25-34 209 205 414 219 118 337 428 323 751 

206 35-44 180 206 386 160 68 228 340 274 614 

206 45-54 102 107 209 92 22 114 194 129 323 

206 55-64 69 98 167 16 5 21 85 103 188 

206 65+ 100 114 214 6   6 106 114 220 

           

206 TOTAL 1338 1372 2710 686 340 1026 2024 1712 3736 

208 0-14 445 462 907 144 118 262 589 580 1169 

208 15-24 254 188 442 117 79 196 371 267 638 

208 25-34 209 198 407 349 140 489 558 338 896 

208 35-44 211 197 408 292 93 385 503 290 793 

208 45-54 109 116 225 94 24 118 203 140 343 

208 55-64 55 95 150 22 8 30 77 103 180 

208 65+ 117 124 241 22 9 31 139 133 272 

208 TOTAL 1400 1380 2780 1040 471 1511 2440 1851 4291 
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BLOCK AGE 
GROUPS 

BAHRAINI 
 

 

NON-BAHRAINI 
 
 

TOTAL 
 
 

  
  

MALE FEMALE BOTH  MALE FEMALE BOTH  MALE FEMALE BOTH  

 
           

209 0-14 183 156 339 138 126 264 321 282 603 

209 15-24 70 54 124 113 64 177 183 118 301 

209 25-34 80 76 156 345 111 456 425 187 612 

209 35-44 93 81 174 379 78 457 472 159 631 

209 45-54 44 37 81 156 27 183 200 64 264 

209 55-64 22 50 72 25 3 28 47 53 100 

209 65+ 51 50 101   3 3 51 53 104 

209 TOTAL 543 504 1047 1156 412 1568 1699 916 2615 

 

BLOCK AGE 
GROUPS 

BAHRAINI 
 

 

NON-BAHRAINI 
 
 

TOTAL 
 
 

  
  

MALE FEMALE BOTH  MALE FEMALE BOTH  MALE FEMALE BOTH  

           

211 0-14 101 88 189 109 108 217 210 196 406 

211 15-24 41 39 80 131 40 171 172 79 251 

211 25-34 32 36 68 565 56 621 597 92 689 

211 35-44 46 37 83 531 59 590 577 96 673 

211 45-54 15 30 45 245 20 265 260 50 310 

211 55-64 14 17 31 15 2 17 29 19 48 

211 65+ 22 25 47 4   4 26 25 51 

 
 
 

BLOCK AGE 
GROUPS 

BAHRAINI 
 

 

NON-BAHRAINI 
 
 

TOTAL 
 
 

  
  

MALE FEMALE BOTH  MALE FEMALE BOTH  MALE FEMALE BOTH  

           

211 TOTAL 271 272 543 1600 285 1885 1871 557 2428 

213 0-14 231 223 454 137 140 277 368 363 731 

213 15-24 109 72 181 139 54 193 248 126 374 

213 25-34 91 94 185 584 110 694 675 204 879 

213 35-44 114 96 210 495 97 592 609 193 802 

213 45-54 54 52 106 219 33 252 273 85 358 

213 55-64 26 43 69 23 1 24 49 44 93 

213 65+ 49 63 112 6 5 11 55 68 123 

           

213 TOTAL 674 643 1317 1603 440 2043 2277 1083 3360 
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BLOCK AGE 
GROUPS 

BAHRAINI 
 

 

NON-BAHRAINI 
 
 

TOTAL 
 
 

  
  

MALE FEMALE BOTH  MALE FEMALE BOTH  MALE FEMALE BOTH  

           

214 0-14 186 186 372 75 77 152 261 263 524 

214 15-24 95 67 162 56 36 92 151 103 254 

214 25-34 98 83 181 231 69 300 329 152 481 

214 35-44 70 62 132 228 60 288 298 122 420 

214 45-54 42 54 96 108 15 123 150 69 219 

214 55-64 26 41 67 16 2 18 42 43 85 

214 65+ 37 43 80 9 1 10 46 44 90 

           

214 TOTAL 554 536 1090 723 260 983 1277 796 2073 

216 0-14 580 592 1172 242 211 453 822 803 1625 

216 15-24 289 257 546 144 94 238 433 351 784 

216 25-34 297 266 563 433 213 646 730 479 1209 

216 35-44 250 226 476 387 137 524 637 363 1000 

216 45-54 121 122 243 151 31 182 272 153 425 

216 55-64 80 113 193 24 4 28 104 117 221 

216 65+ 110 99 209 13 2 15 123 101 224 

216 TOTAL 1727 1675 3402 1394 692 2086 3121 2367 5488 

(Source: CIO publications 2001) 
 

The aforementioned tabular data could then be used in GIS by linking the table to 

administrative block boundary data using the block as the key field. 

 

Employment Data 

The employment pattern for each block was collected as part of the official census by 

the Central Statistical Organization. This data was also available as digital tabular data, 

but the information was not readily usable for meaningful analysis in GIS. As a result, 

the data was processed and statistics were generated for each administrative block. 

These are presented in the following table 3.9: 
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Table 3.9 Working population distribution in the study area. 

  BAHRAINI NON-BAHRAINI TOTAL 

Block BH 

Male 

BH 

Female 

BH Total NBH 

Male 

NBH 

Female 

NBH Total TOT 

Male 

TOT 

Female 

Total 

203 576 179 755 2169 220 2389 2745 399 3144 

205 406 152 558 1219 216 1435 1625 368 1993 

206 523 175 698 536 130 666 1059 305 1364 

208 594 148 742 815 159 974 1409 307 1716 

209 238 86 324 983 106 1089 1221 192 1413 

211 113 41 154 1463 52 1515 1576 93 1669 

213 300 78 378 1423 120 1543 1723 198 1921 

214 231 65 296 627 72 699 858 137 995 

216 799 184 983 1078 188 1266 1877 372 2249 

(Source: CIO publications 2001) 

Further statistical analysis of employment data is presented in the following table. 

These show the count of people in employable age groups and the number of people 

that are employed / unemployed in that age group. 

Table 3.10 Working age population and total employed people in the study area. 

BLOCK Working Age Total Employed Unemployed 

205 2508 621 1887 

206 2241 557 1684 

208 2670 647 2023 

209 1808 395 1413 

211 1923 315 1608 

213 2413 470 1943 

214 1374 326 1048 

215 1448 355 1093 

216 3418 358 3060 

216 3418 911 2507 

203 3882 1052 2830 

(Source: CIO publications 2001) 

 

The above statistical output data can be then linked to administrative block boundary 

polygon features to generate meaningful thematic maps for integrated GIS analysis. 
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Satellite Image Processing 

The remote sensing satellite image and aerial photographs have been available in 

digital format, georeferenced to a local datum. This made them ready for utilization in 

this study. 

Historical Maps and Photographs 

The historical maps were mostly found to be of very small scale, thereby rendering 

them not directly usable for GIS analysis purposes. Most of these maps and old 

photographs were therefore gathered to be used for visual interpretation and indirect 

utilization for analysis and other outcomes of this study. 

Building Data 

The building data is the most important data for the purpose of this study and delivers 

crucial information about the individual buildings in the study area, the condition of the 

buildings, the type of building and most importantly the age of the building. 

This detailed information about buildings was gathered from variety of data sources. 

These include topographic data, satellite and aerial photographs and extensive field 

surveys.  

Field Data 

Information gathered during the field survey was collected in a paper form as 

mentioned in Appendix A. This data was then incorporated into the GIS database as an 

attribute of building polygons. 

During the field survey, photographs of the heritage sites were also captured in order to 

depict the current status of the buildings. These photographs were geotagged to 

respective buildings so that they would be displayed in the GIS environment 

automatically. 
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Derived Datasets 

 

The derived datasets are data which have been created through pre-processing of 

some existing data, these include – (i) coastline data which has been created through 

visual interpretation of satellite images, (ii) Neighbourhood data, which is also derived 

from compilation of data from various sources, (iii) urban fabric which is again derived 

from visual interpretation of satellite images and old aerial photographs, and (iv) 3D 

Model data which is created through 3D modelling of available digital terrain data and 

building data. 

 
Coastline 

Since the time oil was discovered in Bahrain, the coastline has dramatically changed 

due to the way the development activities preceded in the country. One of the major 

activities was the growth and expansion of the cities in Bahrain. The expansion of cities 

required land, which had to be reclaimed from the sea. This reclamation has been 

continuously increasing and impacting upon the state of the coastline of Muharraq in 

particular. 

For the purpose of this study, the coastline provides an important parameter for 

conservation planning. The reason for this is that it helps in the determination of the 

state of the coastline in the past. This is turn helps to predict the state of urban fabric of 

the city. 

Data relevant to the coastline has been collected at a number of points during history, 

including the 1940, 1950s, 1990s and 2000. In addition, a map from the 1930s provides 

data about the coastline for the 1930s (Map 3.9). These maps were scanned and 

georeferenced to the base map in order to digitize the coastlines as polygon features. 

Once digitized, the polygonized coastline would help assess the urban area at different 

times in the past as well as the extent of the urban fabric and other urban attributes. 



110 

 

 

 

 
 
 



111 

 

Neighbourhood Mapping 

The zoning of Muharraq was based on the different tribes who are living or have lived 

there in the past. Neighbourhoods were a good indicator of the expansion and 

development of Muharraq. Some information related to various tribal zones has been 

available from the government departments. This information, however, is at times not 

comprehensive and at times not precise enough regarding tribal zones, the dates of 

their establishment and other associated information to be of much use to the study.  

The location and boundaries of Fareej or neighbourhoods have been gleaned from 

historical maps. The topographic data also contained some neighbourhoods, but did 

not provide any exact boundaries. The information from these maps have therefore 

been combined with field surveys to determine the current borders of their 

neighbourhoods. 

The neighbourhoods are areas, which are stored in the GIS data base as polygon 

features. These polygons are created with maps as backdrops and the boundaries of 

neighbourhoods are digitized. The attributes for each polygon contain the name of the 

neighbourhood (Map 3.10). 

Al Sada - goldsmiths 

Al Qasaibi – butchers 

Al Banani – masons 

Al Kharo – souq 
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Mapping of the Urban Fabric 

Muharraq still preserves its pre-modernization road fabric in several parts of the city. 

However with the increasing pace of development, the fabric is being continuously 

modified. Therefore, it becomes important to determine the status of the road fabric 

and the rate of change of the network. 

In order to assess the condition of the urban fabric and in order to determine the extent 

of damage that had happened over the period of modernization, GIS tools allowed for 

the mapping of the ancient fabric and for an analysis of changes that occurred in the 

various regions of the fabric. 

In this study, the old aerial photographs are the source for a pre-modernization road 

network. The more recent satellite images serves as a source for very recent road 

network. 

In order to bring the old aerial photographs into the GIS system, they first had to be 

georeferenced to the base map. This was achieved by using common known control 

points between old photographs and the topographic base map. This is followed by 

means of a rectification process using the appropriate tool in ArcGIS. This transforms 

the aerial photographs to the local datum or to the same referencing system as that of 

the base map.  

The georeferenced old maps, aerial photos and satellite images are used to digitize 

road networks as line features. This is done using feature digitization tools in ArcGIS. 

By using these, it is possible to capture network features and assign appropriate 

attributes. The latest or the current road network is mapped using satellite images and 

the topographic data. 
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The digitized road networks are also assigned a particular code. This code 

distinguishes each segment that has undergone modifications since pre-modernization 

time. Map 3.11 shows the urban road fabric digitized from various maps and the 

segments which were modified. 

 

3D Model Creation 

The maps drawn during late the 17th and early 18th centuries depicted the locations of 

forts, plantations, settlements and topography. The map drawn by Wilson (1817) was 

of particular interest because of its remarkable sketch of the profile of this island. 

Wilson also marked the location, along with the coordinates, of his ship from where he 

drew the profile.  

This map by Wilson (1817) has been of great importance because of its vivid depiction 

of the Muharraq coastline and accurate positioning of various urban elements such as 

the Muharraq fort, the town of Muharraq itself, plantations and high points in Muharraq. 

The interpretation of this sketch without any reference, however, gives an inaccurate 

positional perception of these elements. 3D modelling helps to analyze this sketch 

more precisely and to determine the positional accuracy of these with known reference 

points. Its helps in – (i) establishing the cores of Muharraq and (ii) Determining that 

there were other settlements already established prior to the core of Muharraq.  

A Digital Terrain Modell or DTM was generated for the study area in order to determine 

the actual location of the core of the Muharraq city. This was made possible by the use 

of the spot heights contained in the topographic data. The spot heights in the 

Topographic maps contain very precise ground elevation data in a specific CAD layer. 

These values were extracted to create a point feature layer using data conversion and 

extraction tools.  
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The 3D analyst extension was then used to create a DTM from the point feature layer. 

Due to the construction of the road flyover in this region, however, spot heights 

corresponding to those areas were manually removed from the data. 

The DTM is generated by interpolating values of spot heights at 1m grid intervals, 

thereby creating a continuous surface for the study area. The resulting DTM is a raster 

image with ground elevation values at every 1m grid.  

The 3D Analyst provides great topographic visualization tools with which to render the 

area in 3D perspective views from any angle and azimuths. The colour coding of the 

DTM with different colours for different elevations helps visualization of topography in 

two dimensional planes. This makes it easier to overlay other data layers for various 

interpretations. 

The colour coded DTM is generated by assigning colours to a specific range of 

elevation values. These were determined by the software, based on sudden breaks in 

elevation values. The output of the colour coded DTM is shown in Map 4.3. It can be 

easily identified that the maximum elevation in the study area lies in the middle of the 

city. 

3D visualization of the Muharraq was performed using 3D Analyst and building 

polygons were thereby draped over the DTM. Firstly, the DTM is added to the viewer 

and assigned proper colour shades for height variations. The next step was to extrude 

the elevation layer with the elevation values subjected to five times exaggeration. 

Finally, the building polygons were laid over the DTM by extruding them to an average 

height of four meters. These were then subjected to five times exaggeration. The 

model thus created could then be viewed from any viewing angle and azimuth. This 

can then be simulated to replicate the sketch drawn by Wilson (1817) with the exact 
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coordinates of the ship from which he drew the sketch and adjusting viewing angle to 

match the profile (Map 3.12).  

From this simulation of Wilson’s (1817) profile it can be inferred that – the positioning 

and the distance between Muharraq fort (G), the town of Muharraq itself (H) and the 

plantations and high points in Muharraq (I) is the same in the simulated geography at 

the bottom half of fig 3.5. The most important observation is the location of the town of 

Muharraq, marked H on the Wilson’s profile is in fact the location of present day Bu 

Maher town which is close to the Arad fort, marked as G. Present day Muharraq town 

is situated on the elevated region shown in the simulated profile which is the region 

marked as I in the original profile. This leads us to ascertain that the first town of 

Muharraq was established in present day Bu Maher town, which in turn is referred 

hitherto as the first core of Muharraq. 

 

3.5. Conclusion 

The datasets collected during this study have been pre-processed using ArcView GIS 

software in order to create a GIS database of all the necessary parameters pertinent to 

the requirements of this study. This database comprises GIS feature layers in polygon 

or point formats, whereas other information such as building characteristics important 

for this study are stored as attributes of building polygon features. It therefore becomes 

easy to map and cross analyse with other data sets. The database shall be utilized in 

the next chapter in order to performing integrated analysis of these feature layers. 



118 

 

 

Map 3.12 Sketch drawn by Wilson in 1817 from the ship anchored off the shore of 
Bahrain. The simulation of Wilson Profile below has been created using ground and 
building heights and coordinates of the ship from which the sketch was drawn and the 
viewing angle of the sketch. 

 

 

 

 

 

 


