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Preliminary Survey for Conservation of
Barbar Temple, Kingdom of Bahrain
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Fig. 2
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nTw3 [Andersen and Hejlund 2003, 211,
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Fig. 6

3.2 HEERE (2017%12R)
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Fig. 10 BEOEERLILBREDH (Kig)

(% : 19605F#85% [Andersen and Hgjlund 2003: 1521, 45 : 20174E 128188
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DHRER I NIzH, BHERD & OHBLDOETERVIC
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DAMO—2I2iF, N2 Ro7-L ENDKEH
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BETHI LIZTE P o7 (Fig 11, Fig 12)
[Andersen and Hejlund 2003; 168]c #Z T, HEE
ODEENPSHESTENAMONEX#EEL. X
GOBIREFEFEST B 72010, —BICEH 2 KR
Wik Z A, MBEHERTHI LD TET (Fig 1D,
HIWEFORSR L R, BAEIIGEHD 2 oD T2
LIS WIREBIZH D . 72, AV OHRIIZIZER
PR STz, EBAESICIE, FEFICREOM
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Fig. 11 CROBEWBHEEOM (EiEHaENS
) (K& : 195 % i& ® [Andersenand
Hgijlund 2003: 168]. & : 2017 12815%

o

Fig. 12 A#ZIENES [Andersen and Hejlund 2003: 168]
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29,
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20164F11 A B & UF20174F 3 B IC5EME L /- aEAE
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EORNFKETELBIROBE - REREL T 72 I
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20174E12 R EM L 73R E Tl fBROEER
Mgk Th BB OFMDS, EAIIZIY Ihbh,
AMOEBIZDEIED LI L2 HIDZ. T2,
KA ABINCRE T N2 % — 3L R T
HAEEXBI ol Zh, BIEUBOIRGE L OIME
ERRERBLEZR SN VY, —EOGHIZIZE
BLTWZ IO LNz, LT, K~
BEERDOBEES Tk, RGP ENTZGMOME
PREL. NEOHREMERT LI ENTE L, B
B, ARTIE, ZRITOBFEICLA1EBICLY, &
BROBIREHERE L7225, ZRTEDOTFT—F 2 HVW5E T
EWZED, LDEEMABEEZBIR) LN TES
(&2 2017] (R#EE2-228),

4 N—L—2FE, INILNIVHERD
RiE

4.1 R—L—V DK

CHC DFFFERSR ToH B8NV IL, N— 1L —
YEEOBRAHED NNV —  BOINFERI AL ET
bo NW—L—VRIX, HHESKBEIZEL, BLokP

PEEAIKETEDNLTWAD, BIEHELTY
720, FEZEL CHBENEBELRETH S
(Table 2) % i, BRFSEOESE (6 H~9 H)
EHEMIRE R AZE (12H~38) OO
N5, LBIBWTHHOFHRIBIZISCTL LD
o BFIZITEALTIZES 2WaS, 118256 3
AEIZPTI TR T & T - 2Fd 25 EhH 5, CHC
W20174E 3 RICEM L -FRAEICB VT, —BRRgIC
MY . HEBANOZATIIKRZE D HBEE SN
7z (Fig.14)o

4.2 NIVINJVERRIC BT 2 BRIEAEOHE

PN VB DOREERELRET L7201, &
B BEORMEE KRNI T AE (F—% 0
=) RERE L, BREEIL. BP0 (Fig
1490 A), BIFEIICH HKEOME (Fig 149
DB), £ L CEFNESOBEHICHLEV Y~k ¥
—DKT (Fig. 144 ® C, Fig. 15) OD=ZAFITH 5,
EStHG U720 2 WEAT L EE L. o= H T
(A, B) oF—Fuaf—izonwCit, BREEHE
BROTSAF v 7 r—ACANTHE L. (Fig
15)c RRE L 7-#E0 &M, WERBIT TR TH S,

> s

Fig. 13 FERED/ L/ VBROET (2017453 BiB%

Table 2 N—L—YDOEHRT—F \—L—VEIEEHBELEERE]
£
A 18 | 2H | 3A| 4B | 5H | 6A | 7B | 8H | 98 | 108 | 11H | 128 e

PR (C) | 18.1 1 18.6 | 22.3(27.0/32.0 | 34.2 | 35.9(35.8|34.1|30.3124.9]19.8 27.8
HmAim (CT) | 21.0|21.8)26.0|31.536.7|38.3|40.1|40.3|38.2|34.1]|27.8122.7 31.5
IR (T) | 15.3 | 16.0 | 19.4 | 23.6 | 28.4 | 30.6 | 32.6 | 32.6 | 30.8 | 27.1 | 22.3 | 17.2 24.7
REEE (%) | 88 | 87 | 84 | 8 78 | 77 | 8 | 8 | 8 | 8 | 8 | 87 83.3
BRI (%) | 57 | 55 | 47 | 42 | 39 | 39 | 40 | 44 | 44 | 47 | 52 | 56 46.8
Bek& (mm) | 9.1 | 194123 1.7 | 06 [ 0.0 ] 0.0 | 0.0 | 0.0 | 0.0 |31.2] 4.4 78.7

8) FENEDOVL O OFEMIZIE, BEICEEHISBHEN TV EEL L NLEFAD 5, BEHIZOWTIE, 01TE12A YT

VEBERL, SALEFONZEFTEFEL T 5,

9) N—L—rEE EEBELEERFF— L~ (Internet, 10th Feb. 2018, http://www.bahrainweather.gov.bh/web/guest/climate)
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LWEBRETICH S Z EPERINS, Table 2178
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2B TiE. SOICREMET T4 b0 LHEH
ENb,
BEOZEE)NL, BB RE L BT HEBE
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% (Fig. 16)o —h. AIEOKEIL. AMICEE N
R EELRBEBICH A0, HEZEIINSL, £
DOEEIRBBBERL I TH D, 72720, 11AKRDLS
2B AT Tid, 0o " HF & R0 2R
LTwWh, ZHiE, AMOBREDHEICERT S
boLIEHT 5,
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017N B B

Fig. 15

(2) BERE

HXHEE OFH1E, A #4954, 2% RH, K
& DB 7567 .3% RH. BB/ EBA57.7% RH TH
D, BEREAEICH D DS, HEBEELREEICS
BT ENHEINS, HEREITERFREBIT
KFEDRRH T85% RHFZE . EEF/ERTI7.2% RH T
HU., HEOEBIZL > Th, FEICEELEEIC
EPNEHENH 5, AMOEERIZIZ, 7 EPLHK
HOBERENRTEDOLNLI EDSH, HiZL-o Tk, A
MOETEBEIFEL TV LTEREIZZONS
(REEE 2-551), i, EEFPRE L EERSER
Tk, 5 A2 5 7 B2 THAMEED20% RH %
THA, FECEBELAFEELBEINLIHLD S,
BEOZEEL, BE L RIS, EIFPRE &R
FHERICBWTHEZED ML <. —HT50% % 560%
OEAFERONHHAD DS (Fig 17). KFEDKMIZ
B2 BEOEEIL. FOMOIFICHTESR
HTHBEN. ERICTHEESRLVWHFBA SN
5o

4.4 &8

DlEL 7Ou VI BT A IRIBEREICOWT,
WLz BEDT—IPRVAEERLDTHS
A SVSVHBRIZB AIRE. BEOCEEB LT
BHMPIBTAZ LA TE L, FICHRICER L
BT, BEEE DICHBREIHBLL, RELLC
BOTRFFIERZBRREICEPN TSI L O
HENT, BELZREICEIPNTWVALHFT, /NN
NVRBROAMIT B EIFIZ-oTBY, RERA
MAEE SN LB LD TELNY, BEOE
BhEZV, BELIZDODID R LVWEEZILND
(B OMEB L OHIBHICONTIE, AREE
2-3. 2-4%BMW), . BERERIIBVWTIIEH

10) 7 —% 0 —BHKIZ20165E11H X D iR E L 7295,

MBI Er o oD, AELRT— V2B TELDP o7
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Table 3 /\IL/\IVERERICH T BBEERERABER (2017F 4 B~12A8)
wmE (T) HXHEE (%)
A SEEFHRSLE | B AR | COREFMEE | A EERRES | BOKEORE | COEBFE

T 31.4 29.1 30.7 54.2 67.3 57.7

& BE 45.1 34.9 48.4 85.8 85.3 97.2
4R~12R | mE 12.7 14.1 11.2 11.3 36.8 8.9
B 32.4 20.8 37.2 74.5 48.5 88.3

Ty 27.5 24.1 26.4 53.3 72.3 58.0

B 38.4 26.6 39.5 82.0 85.3 89.3

A - 3ss 18.1 18.1 16.7 17.0 54.9 15.5
Rz 20.3 8.5 22.9 65.1 30.3 73.8

T 33.0 28.4 32.5 45.9 68.2 47.7

5 B 41.3 30.2 43.4 73.4 80.5 81.5
R 26.0 24.9 24.3 11.3 44.0 10.1

Az 15.3 5.3 19.1 62.1 36.5 71.4

T 34.3 30.8 34.3 47.1 66.7 47.7

B 42.2 32.1 4.6 78.5 8l.4 88.2

o7 RIE 26.2 25.6 24.4 17.7 48.4 14.7
AssE 16.1 6.6 20.2 60.8 33.0 73.5

T 37.6 33.1 37.1 47.1 65.7 48.5

RS 45.1 34.4 48.4 76.5 75.9 84.4

A 4y 30.2 29.5 26.9 11.3 42.7 8.9
A 14.8 4.9 21.5 65.2 33.2 75.5

¥y 37.5 34.2 36.9 55.3 70.7 57.5

531 43.3 34.9 4.8 77.4 77.3 83.4

8 A R 31.9 31.5 30.1 19.4 56.1 19.1
2k 11.5 3.5 14.8 58.0 21.3 64.3

Ty 34.9 32.9 33.6 58.1 69.0 63.2

o 31 42.9 34.6 43.6 78.5 81.0 97.2
Rl 28.1 28.0 26.3 20.1 42.0 21.1

Az 14.8 6.6 17.3 58.4 39.0 76.2

Ty 30.9 30.1 29.8 62.3 68.7 67.6

10 R 36.9 33.2 36.3 82.4 83.7 92.9
R 24.8 24.4 22.6 19.5 40.2 19.7

A 12.2 8.7 13.7 62.9 43.5 73.3

Ty 25.6 25.8 24.5 59.6 63.0 64.8

e B 34.1 30.0 32.3 80.4 79.4 97.1
Rk 19.1 20.3 18.0 28.0 40.8 32.8

A 15.0 9.7 14.3 52.4 38.6 64.3

Ty 18.9 20.3 17.8 61.0 60.2 66.3

. 31 26.2 2.8 25.3 85.8 82.0 93.9
R 12.7 14.1 11.2 24.3 36.8 29.2

Az 13.5 11.7 14.1 61.5 45.2 64.7

153



Survey on Current Conditions and Environment of Barbar Temple

AGRERER R
—B. K BRAAT
C.#EHsER

A BB R

C.iHERSHEB

T S S B S . B S S R B S B R B S B < S B S S S R S S S S S SR SR R SR )

O

Fig. 17 /b LRRIc ST 2RE (%RH) DOZEh (20174 3 B27H~12824H)

GREOEADEL S0, BHREMEO DR E
BFOFELRELLZTLEHERSND, FIZHY
L7 Fig AOEMDORIBR, Fig. 9DHMM D&
b, BEBOREOZEIC LD & LT RMES
EZ2HNE 9,

5 BbYic—45&lcElirT—

B TE K E RS - SUbifgE L v ¥ — Tid,
20154 BEH S 201 74EE T T/ONV NV HIE % duln &
HEN=L— Y EFEOLEEREDZOO T =
7 P aFERRLTE7, CHC Tix. 2017128 1CHA
EN—L—YORFT, 2SIV VEERIC BT B
WERZHET HEZHIT Y, B2, N—L—rD
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1 Introduction
Since 2015, the Centre for the Global Study of

Cultural Heritage and Culture (CHC) at Kansai
University has been in Kingdom of Bahrain
carrying out investigations in relation to the
preservation of cultural heritages. CHC is
proceeding with its international research in
cultural heritage preservation centering on Egypt
(Please refer to Chapter 1 of this report) and in
order to contribute to the preservation of cultural
heritages by applying the preservation techniques
accumulated thus far, it has chosen to carry out
research in Kingdom of Bahrain which, similarly to
Egypt, holds a large number of ancient cultural
heritage sites. Before this confirmed research,
there was a visit to Kingdom of Bahrain in
September 2015, where while visiting ancient ruins
discussion took place with representatives from
Bahrain Authority of Culture and Antiquity,
surrounding conservation as well as its application,
and it was decided that a target for research was
to be Barbar Temple . Then, in February 2016,
after a letter of agreement was exchanged
between the CHC and Bahrain's Ministry of
culture, research activities at Barbar Temple

began in the 2017-2018 academic term. [Suita 2017;
Yasumuro 2017; Tsuruta 2017].
The main items of the survey are as follows:

1. Survey on the current condition of the
archeological site.

2. Survey on the surroundings and the environment
of the archeological site.

3. 3D documentation

4. Scientific analysis of the stone structure.

5. Examination of the deterioration of the stone
structure.

6. Bio—degradation and potential counter-measures.

This report will include, 1) Surveys on the
current condition of the archaeological site, 2)
Report on the archaeological site as well as the
surrounding environment.

For further details, please refer to other reports on
this chapter.

2 Overview of Barbar Temple
Kingdom of Bahrain is an archipelago

consisting of 33 islands, the biggest being Bahrain
island (Fig 2). On this island in ancient times there

* Center for the Global Study of Cultural Heritage and Culture, Kansai University, Japan (BT AZFERET(LE - XL LY ¥ —)

** Faculty of Letters, Kansai University, Japan (8782 3C3ER)

*** Graduate School of Letters, Kansai University, Japan (B A KEETEMZEER)
**** Bahrain Authority of Culture and Antiquities. Bahra in (/S— L — > EE AL - XL R)
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Fig. 1

was a prosperous civilization called Dilmun. The
name of Dilmun appeared for around 3000 years
from 3300 B.C.E. to 544 B.C.E. in ancient
Mesopotamian documents [Maclean and Insoll,
2011: 6f]. References from Mesopotamian
documents call it a paradise in the south. Dilmun
was also a city that tied vtogether the
Mesopotamian region and the Indus region through
trade, with many excavations of ancient Dilmun
ruins unearthing materials related to both
civilizations. On the island of Bahrain, since the end
of the 19th century, investigations had been
conducted by Danish led excavations teams, but
until the mid-20th century many of the ruins
excavated were burial mounds, with no
confirmation that any civilization existed in 3000
B.C.E Bahrain. Therefore, at this time, there was a
theory on Bahrain that supported this, named the
Ancient Island of the Dead’ [Maclean and Insoll,
2011:48] . This theory was overturned after the
discovery of the Qal'at al-Bahrain which is
currently registered as world cultural heritage
sites and Barbar Temple,

Barbar Temple is the largest archaeological
site on the main island of Bahrain (Fig. 3). The
structures of the ruins were built during 5

Geographical location of Bahrain

; + Barbar Temple

Al-Xhenis Rosque

Fig. 2 Location of Barbar Temple

periods, Ia, Ib, IIa, IIB, III, whose origins date back
to around 2200 B.C.E. . In the central part of the
archaeological ruins, the altar and the foundations
of the structure can be found. From the shape of
the altar which is similar to the shape of the



number " 3" suggesting that the temple is thought
to be dedicated to the two gods . Also, on the west
side of the archaeological site a pool’ indicating a
relationship with the worship of Mesopotamia's
Water God Enki exists, as well as the remains of an
enclosure for sacrificial beasts on the east side.

Barbar Temple existed from the third
millennium B.C.E. up until the second millennium
B.CE. and teaches us the worship and ritualistic
aspects of the Dilmun civilization. Furthermore, as
well as teaching us about the history of ancient
Bahrain, it is also an important cultural heritage
site.

Excavation of Barbar temple was conducted by
the Danish archaeologist Glob in 1954, and a total
of 8 surveys were carried out up until 1963.
Although the surveys excavated the main temple
and the north-east temple, they were backfilled
again after the investigation. Thereafter, partial re-
discovery and maintenance of the main temple was
done in the 1970's and 1980's . Results of
excavations in the 1950s and 1960s were officially
published in a 2003 survey report [Andersen and
Hgijlund 2003] , a supplementary survey in 2004 by
a Danish team was also published [Hgjlund et al.
2005] .

Ttems and relics lifted from the archaeological
sites such as a copper bull’s head, potteries,
stamps, lapis lazuli beads, ivory etc. were
excavated and are now stored in the Bahrain
National Museum. Alongside excavated items from
Barbar Temple, exhibitions on the overview of the
temple and explanations of its archaeological
excavations are also present, as well as a full model

Fig. 3

3D model of Barbar Temple created by gathering
points cloud data acquired by laser scanner

Survey on Current Conditions and Environment of Barbar Temple

In addition,
Barbar Temple has been registered in the
tentative list of UNESCO World Cultural Heritage
and is expected to be used as a tourist attraction.

reconstruction of the temple (Fig. 4).

Currently, there is a visitor center on the south
side of the ruins for use of tourists which hold
information on the ruins, as well as color coded
maps which categorize the remains of the site by
time period.

3 Survey on the Current Condition
of Barbar Temple

3.1 Preliminary Survey (November, 2016 and
March, 2017)

In a preliminary survey conducted in
September 2015, it was observed that there were
large changes caused by the development of
Barbar temple as a tourist attraction, such as the
creation of walkways and the reinforcement efforts
of vulnerable areas. In addition to this, due to
deterioration and damage of the stones caused by
weathering being found, it was decided that it was
important to accurately understand the current
condition of the site. Thereupon, in our survey in
2016, work was carried out a survey identifying the
current condition of the site based on comparison
work with the past excavation report [Andersen
and Hgjlund 2003 ] . In the aforementioned report,
235 photographs of the site at the time of
excavation were published, making it possible to
observe the changes that had occurred in the
passing years. Comparison work of the
photographs was undertaken according to the

following procedure:

Fig. 4 Reconstructed model of Barbar Temple
(Bahrain National Museum)
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1) From each photograph in the report and its
descriptions, approximate the position recorded
in the photographs.

2) Based on the approximated position, identify
multiple points (the arrangements and
appearance of the building stone) that are
commonly observed in past photographs and
the current condition.

3) From the designated point and from the
relationship of the distance and range in the
photographs, designate a location to take
resembling photographs for the comparative
analysis.

4 Record the locations on the map.

5) Compare the photographs taken with the
photographs within the previous report,
examine the change of appearance (Fig. 5).

As a result of the survey, 140 shooting
locations were chosen from the 235 photographs of

the site published in the report, with photographs

being taken to compare with the current condition.
Most of the photographs which proved difficult in
specifying the position to photograph were the Ia
and Ib photographs of the temple, since they are
located in the bottom stratum they are mostly
backfilled. On the other hand, there are many
exposed parts in the Ila-IIb and III remains. The
results of the comparison from the present
photographs to those from the time of excavations
were the identification that there are large changes
in the arrangement of the building stones and that
damage had arisen on certain building stones. For
example, although in the photographs taken in
1958, an L-shaped stone is recorded as the floor
covering the east side of the ruins in the II period,
today it has now become independent from the
surrounding stones causing it to be difficult to
identify the original position (Fig. 6). Furthermore,
it can be confirmed that the main pillar used in the
architectural structure of the II period, is largely
missing in the part recorded in the photograph

160

Fig. 5 Comparison to the photograph published in the excavation report.
(Left: Photographed in 1955 [Andersen and Hgijlund 2003: 99], Right: March 2017)

Fig. 6

Example from the photographic comparison (L-shaped paving stones in Ii period)
(Left: Photographed in 1958 [Andersen and Hejlund 2003: 921, Right: March 2017)
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taken in 1961 (Fig. 7). as to why these areas were chosen are established
3.2 Detailed Survey (December, 2017) in Table 1. Afterwards, the results of a discussion

In the detailed survey of December 2017, we amongst the survey members concluded for areas
used the results of previous surveys and A and B to be chosen as preferred sites to survey,
established 4 sections of A, B, C and D as areas to while the investigation of sites C and D would be
carry out the detailed survey (Fig. 8). The reasons dependent on the progress of the previous surveys.

Fig. 7 Example from the photographic comparison(stone pillar from Il period){Left: Photographed
in 1961 [Andersen and Hejlund 2003: 1391, Right: March 2017)

Fig. 8 The farget areas of the detailed survey (The map was created
by modified partially the original map of Andersen and Hejlund 2003)

Table 1 Features of the target areas

Primary Structure / Facilities Main Features

Area A |Altar Important facility in the Temple centre

The remains of the most important facility
Area B | Temple Pool .
for the worship of the water god

Area C |Corridor stairs leading to Temple Pool |Large change from time of excavation

Area D |Stairs The number and shape of the stairs differ to that in the report
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1) Area A

The results of the comparison on the number
" 3" shaped altar in the center of area A, were that
changes were observed in the stone of the altar at
the time of excavation to presently (Fig.9).
Moreover, we were unable to identify the main
central part of the stone in its current condition
and there were also stones surrounding the altar
that had either moved or were missing. In the
excavation survey of the 1950s and 1960s, the
stones were partially removed in order to excavate
the lower layer, therefore it is possible that these
changes might have occurred during the
rearranging of the stones.

2) Area B

Area B is around the pool of the temple which
is an important ceremonial facility. At the time of
excavation, spring water collected in the pool and a
stone container for use of scooping was also
present (Fig. 10). However, there is no longer any
spring water that used to collect whilst an
accumulation of sediment can be seen. According
to local representatives, the sediment was placed
there in order to preserve the remains, we were
also told that the stone container had been stolen
by someone in recent years. In this survey, in
order to understand the state of the part buried by
the sediment, a part of this sediment was removed
and the survey conducted. The placed sediment
was moist and the color of wetness was confirmed
on the stone of the part where it was buried,
however there was no difference in the degree of
degradation compared with exposed parts. In
addition, the semicircular stone was slightly moved
due to the pressure of the sediment. In this area,
comparison was also made through acquisition of
detailed three dimensional data. For this data,
please refer to Chapter 2-2 in this report.

3) Area C

Area C is the area which was the corridor
leading from the center of the temple to the temple
pool. The curbstones of the stars which were part
of the corridor had collapsed and we could identify
large changes in the positioning of the building

il

A

stones. Also, although there exists multiple cubic
stones with two rectangular holes on the top side,
presently, some are buried in sediment and it is
impossible to understand the overall perspective
(refer Fig. 8 of Introduction of this report). Also, it
was described that an image of a person or the like
was inscribed on one of the cubic stones, however
this stone could not be identified (Fig. 11 and Fig
12) [Andersen and Hgjlund 2003: 168). Therefore, in
order to check the present condition of the ink
image, we estimated the position of the rock from
the picture from the report, where we were able to
find the image by temporarily setting aside the
sediment (Right of Fig. 11). Comparing to the
records from the time of excavation, it is currently
difficult to identify the two symbols on the right
side, there was also a dent formed in the center of
the stone. Since a very fine white powdery
material was observed in the dented area, it was
theorized that the stone was not damaged, but the
black component material at the time, such as a
plaster that perhaps filled the dent had instead,
dropped out. As far as the photographs from the
time of excavation shows, it was noticed that the
dented parts of the four images were brighter than
the color of the stone material, therefore there
could have been a possibility that a supplementary
material was applied to the images also .

3.3 Conclusion

In the preliminary survey carried out in
November 2016 and March 2017, in order to
comprehensively understand the current conditions
of the site, we conducted a comparative survey
with the recorded photographs from the past
excavation report. The results of this comparative
survey was that from the 235 photographs, we
were able to compare the current condition with
140 of these, meaning we were able to observe it's
change over the passing years. In the detailed
survey conducted in December 2017 with the
target area chosen from the results of the
preliminary survey, we could observe that the
main stone of the altar, an important facility of the
temple, was partially removed and alterations to
the arrangement of the stones had occurred. Also,
from the survey that we carried out on the temple
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Fig. 9 Example of the photographic comparison of Area A (Altar from Il period)
(Left: Shot in 1955 [Andersen and Hejlund 2003: 951, Right: Shot in December 2017)

Fig. 10 Example of the photographic comparison of Area B (Pool)
(Left: Photographed in 1960 [Andersen and Hejlund 2003: 152], Right: December 2017)

Fig. 11 Example of the photographic comparison of Area C (Stone with the engraved image)
(Lefi: Photographed in 1955 [Andersen and Hejlund 2003: 168], Left: December 2017)

T p

Fig. 12 The imagery engraved on the stone [Andersen and Hejlund 2003: 18]
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pool by partially removing the artificially inserted
sediment, we were able to find that although there
were no large changes to the outward condition
since the time of excavation, a portion of building
stone however, had been moved. Then, we were
able to identify the whereabouts and present
condition of the stone with the image in the
corridor part of the stairs that led to the Temple
pool. Furthermore, in this report, although we were
able to verify the current condition of the image
based on the comparisons from the two
dimensional photographs, we would be able to
perform detailed comparison through use of the
three dimensional data [Yasumuro et al, 2017] (See
Chapter 2-2 of this report).

4  Environment of Barbar Temple
4,1 Climate of Bahrain

Barbar Temple which is the target of the
CHC's research, is located on the north western
part of the Bahrain island. The Island of Bahrain
holds an arid climate, with the majority of the
country being covered in desert and limestone, and
as a result of being surrounded by the sea, it has a
relatively humid climate year round (Table 2).
It’s seasons are divided into, a hot and humid
summer (June to September) and a relatively mild
winter (December to March), however its winter's
monthly temperature still averages above 18" C.
Although it rarely rains during its summer, there
are occasions when it rains heavily between
November and March. Even when the CHC
performed its survey in March 2017, it heavily
rained at one point, with water accumulating in
various parts of the site (Fig 13).

4,2 Summary of the environmental survey on

Barbar Temple

In order to investigate the humidity and
temperature of Barbar temple, we installed
equipment (data loggers) which continuously
recorded these levels. The three positions of these
devices were, in the center of the site (A of Fig.
14), in a parting in the rock of the Temple pool
situated in the eastern part of the site (B of Fig. 14)
and under the floor of the Visitor Centre on the
southern side outside the site (C of Fig 14, Fig 15).
We selected areas that would not be exposed to
direct sunlight and with regards to the two
locations within the site, they were placed within
plastic containers with a breathability functionality
(Fig. 15). The name of the installed equipment and
the measurement conditions were as follows:

- [Equipment] HOBO Pro v 2
[Measurement start date] March 27, 2017

- [Data collection date] December 24, 2017
[Measurement intervals] Once per hour

Fig. 13 Condition of Barbar Temple after rain
(Shot in March 2017)

Table 2 Climate data of Bahrain [Mefeorological Bureau of the Ministry of Transport and Communications of Bahrain]

Month Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec 'Rain}{a?ﬁrﬁlgre'Total
Ave. Temp (C); 18.1 | 18.6 | 22.3 | 27.0 | 32.0 | 34.2 | 35.9 | 35.8 | 34.1 | 30.3 | 24.9 | 19.8 27.8
Max. Temp (C)| 21.0 | 21.8 | 26.0 | 31.5 | 36.7 | 38.3 | 40.1 | 40.3 | 38.2 | 34.1 | 27.8 | 22.7 31.5
Min Temp (T)| 15.3 | 16.0 | 19.4 | 23.6 | 28.4 | 30.6 | 32.6 | 32.6 | 30.8 | 27.1 | 22.3 | 17.2 24.7

Max. RH (%) 38 87 84 81 78 77 80 82 85 86 85 87 83.3
Min. RH (%) 57 55 47 42 39 39 40 44 44 47 52 56 46.8
Rainfall (mm) | 9.1 | 19.4 {123 | 1.7 | 0.6 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 31.2 | 4.4 78.7




]

Fig. 14  Set points of the data loggers
{plot on the aerial photo )

i

4.3 Results of the Environmental Survey
Conducted at Barbar Temple

Unfortunately we have not been able to acquire
the data for the full year at time of writing this
report, however we are able to convey the results
of the temperature and humidity environmental
survey conducted at Barbar Temple with the data
acquired from the end of March 2017 to December
2017.

(1) Temperature

The temperature of the three areas recorded
were temperate, averaging around 30° C (Table 3).
The maximum temperature of the central and
outside parts of the site reached 45.1 ° C and 48.4
° C in July, whilst the lowest temperature in
August of all three of the areas did not decline
past 30 °

heat of the environment. In winter, the lowest

C, showing the sheer scorching summer

temperature in December reached around 10-15°
C, showing a characteristic of an arid environment
with temperate winter temperatures.

With reference to Table 2 on the environment
of Bahrain's climate, we are able to see a further
decline in temperature from January to February.
The changes in temperature are intense, with days
where there is a difference close to 20° C within a
day outside and in the central part of the site (Fig.
16). Contrastingly, the gap which the equipment is
placed in the area of the Temple pool is a
relatively stable environment as it is surrounded
by stone, with a small temperature change during
the day. However, the change in temperature

Survey on Current Conditions and Environment of Barbar Temple

Fig. 15 The data logger installed in a sfone parting near the
temple pool (Photographed in December 2017)

between November and December is similar to
that of the other two locations. We guessed that
this could be due to the thermal conduction
characteristics of the stone.

( 2 ) Relative Humidity

The average relative humidity of the areas are
as follows: 54.2% RH in the central area of the site,
67.3% RH in the opening of the Temple pool area
and 57.5% RH in the area outside the site.
Although situated in an arid climate, they are in a
relatively humid environment. The highest
humidity level in the central part of the site was
85% RH and in the rock parting of the Temple pool
was recorded at 97.2% RH, this may be caused due
to the influence of rain etc. or perhaps it is simply a
case of an extremely humid environment.
Depending on the day, dew condensation may have
occurred on the surface of the stone, due to molds
and lichens that have been observed to have grown
(Refer to 2-5 of this report). Furthermore, from
May to July, relative humidity fell to below 20%
RH in the central part of the site and outside the
site showing there to also be extremely dry days in
the area. In the central part of the site and the
outside of the site, there are extremely harsh
changes in humidity, similar to that of the
temperature, with some days recording changes
from 50% to 60% (Fig. 17). Although the changes in
humidity in the stone opening of the Temple pool
are moderate compared to the other two locations,
there are occasional days where there are harsh
changes during the summer season.
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Table 3 Deta of Temperature and Relative Humidity at Barbar Temple (April to December 2017)

Temperature (T)

Relative Humidity (%)

166

A. Site Center | B. Pool Opening | C. Outside Site | A. Site Center | B. Pool Opening | C. Outside Site

Ave 31.4 29.1 30.7 54.2 67.3 57.7

Year Max 45.1 34.9 48.4 85.8 85.3 97.2
Apr. - Dec. Min. 12.7 14.1 11.2 11.3 36.8 8.9
Range 32.4 20.8 37.2 74.5 48.5 88.3

Ave 27.5 24.1 26.4 53.3 72.3 58.0

Apr. Max 38.4 26.6 39.5 82.0 85.3 89.3
Min. 18.1 18.1 16.7 17.0 54.9 15.5

Range 20.3 8.5 22.9 65.1 30.3 73.8

Ave 33.0 28.4 32.5 45.9 68.2 47.7

May. Max 41.3 30.2 43.4 73.4 80.5 81.5
Min. 26.0 24 .9 24.3 11.3 44.0 10.1

Range 15.3 5.3 19.1 62.1 36.5 71.4

Ave 34.3 30.8 34.3 47.1 66.7 47.7

Max 42.2 32.1 4.6 78.5 81.4 88.2

Jun Min. 26.2 25.6 24.4 17.7 48.4 14.7
Range 16.1 6.6 20.2 60.8 33.0 73.5

Ave 37.6 33.1 37.1 47.1 65.7 48.5

Ju Max 45.1 34.4 48.4 76.5 75.9 84.4
Min. 30.2 29.5 26.9 11.3 42.7 8.9

Range 14.8 4.9 21.5 65.2 33.2 75.5

Ave 37.5 34.2 36.9 55.3 70.7 57.5

Max 43.3 34.9 4.8 77.4 77.3 83.4

Aog Min. 31.9 31.5 30.1 19.4 56.1 19.1
Range 11.5 3.5 14.8 58.0 21.3 64.3

Ave 34.9 32.9 33.6 58.1 69.0 63.2

Max 42.9 34.6 43.6 78.5 81.0 97.2

Sep. Min. 28.1 28.0 26.3 20.1 42.0 21.1
Range 14.8 6.6 17.3 58.4 39.0 76.2

Ave 30.9 30.1 29.8 62.3 68.7 67.6

Max. 36.9 33.2 36.3 82.4 83.7 92.9

Oct Min. 24.8 24.4 22.6 19.5 40.2 19.7
Range 12.2 8.7 13.7 62.9 43.5 73.3

Ave 25.6 25.8 24.5 59.6 63.0 64.8

Max 34.1 30.0 32.3 80.4 79.4 97.1

Hov Min. 19.1 20.3 18.0 28.0 40.8 32.8
Range 15.0 9.7 14.3 52.4 38.6 64.3

Ave 18.9 20.3 17.8 61.0 60.2 66.3

Max 26.2 25.8 25.3 85.8 82.0 93.9

Dec Min. 12.7 14.1 11.2 24.3 36.8 29.2
Range 13.5 11.7 14.1 61.5 45.2 64.7
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4.4 Conclusion

In all, we have summarized the temperature
and humidity of the environment at Barbar
Temple. Although the data we collected was not
complete due to us not being able to acquire the
year-round data, we were still able to observe the
changes and features of the humidity and
temperatures of Barbar Temple. Particularly in the
outside exposed areas, we were able to understand
the severe changes in the temperature and
humidity daily, showing the site to be preserved
even in an extremely harsh environment.

Whilst being situated in a harsh environment,
the building stones of Barbar Temple are in
relatively good shape, leading us to believe that

high-quality stones had been used, however there
are still not large amounts that have not been
affected due to influence of the harsh environment
(For the analysis of the material properties and
degradation of the stone, see Chapter 2-3, 2-4
of this report). In particular, due to the rapid
changes in the environment after its excavation, it
was deduced that fragile materials and the like
were hugely affected. There is also a possibility
that the damage to the stone of Fig. 4 mentioned
earlier and the detachment and loss of the
supplementary material of Fig. 8 could also be due
to the influence of the changes in environment
after its excavation.
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5 Conclusion-Towards the Future
The Center for the Global Study of Cultural

Heritage and Culture (CHC) of Kansai University
has been conducting a project to preserve Barbar
Temple of the Kingdom of Bahrain from 2015 to
2017. In December 2017, we conducted events to
report the results of the research between Japan
and Bahrain on the site . In particular, during the
meeting held at the Bahrain National Museum, we
were able to share the research results with local
experts and deepen discussion for the preservation
efforts of Barbar Temple in the future. Although
there were many tasks presented that must be
engaged with in the future, CHC will temporarily
end its operations in March 2018 It will be
necessary to make plans on how to utilize and
develop the results of the CHC's survey for a full-
scale research and restoration operation for the
cultural properties of Bahrain in the future.
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