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* Simulation Model of the Growth of Abha & Khamis Mushayt,

Note Assir Region, Saudi Arabia: 1417-1445/1997-2025.

Note Var# Eq#
Note Urban Sprawl of Abha & Khamis

A ADSAK.K = (DSEPD) (DAREA.K + VOID) @) (1
C VOID = 10 SQKM (93)

C ADSEPD = 50 SQKM (1)

A DAREA.K = AGKD.K+KGAD.K (86) 2)
Note Abha Sprawl

L AGKD.K=AGKD.J+(DT)(AGR.JK) 2 3)
N AGKD = 22 SQKM

R AGR.KL = (AGKD.K) (ABSPM.K) (NAGKD) (3) 4)
C NAGKD = 0.30 SQKM (18)

A ABSPM.K = (AHM.K) (AEMPM.K)(ASERM.K)

X (ASSM.K)(TOURF K) (TECHNF.K)(ADSAK.K)(ZONIN.K) (6) ®)
A AHM.K=TABHL (AHMT.ABAVHU.K.29000,44000,5000) (8) (6)
T AHMT = 1.0,1.2,1.5,2.0 9)

A AEMPM K =TABHL (EMPMT, AEMPD K,53639, 73639, 5000) (9) 7
T AEMPMT = 1.0,1.1,1.15,1.20,1.25

A TGR.K = 0.05+STEP (0.05,142.5/2005) (10) (8)
A ASERM.K = TABHL (ASERMT, ASERVL.K,0.75,1.00,0.05) (11) 9)
T ASERMT = 1.0,1.02,1.03,1.06,1.08,1.1

A APCH.K = ABAVH.K/APOP.K 41) (10)
A ABAVH.K = ABAVHU.K)(APPHU)(AAHUM.K) (89) (11)
C APPHU = 6 (90)

L ABAVHU.K = ABAVHU.J] + (DT)(AHRILJK) (42) (12)
N ABAVHU = 22000

R AHRI.KL = (ABAVHU.K)(ANHCR)(AHAM.K) (43) (13)
C ANHCR = 0.10 (45)

A AHAM.K = TABHL (AHAMT.APCH.K. 5,1.0.0.25) (44) (14)
T AHAMT = 1.0, 1.1, 1.2

A APCEMP.K = AEMPD.K/ALABF.K (34) (15)
L AEMPD.K = AEMPD.J +(DT) AEMRI.JK) (35) (16)
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AEMPD = 53639
AEMRIKL = (EMPR.K)(ANEGR)AEGRM.K) (36)
ANEGR = 0.005 (40)
AEGRM.K = TABHL (AEGRMT, APCEMP,. 25,1.0,0.25) (37)
AEGRMT = 1.5, 1.3, 1.2, 1.0

ZONIN.K = TABHL (ZONINT, GOVUP. K,1.0,2.0,0.5)(82)
ZONIN = 1.0, 1.1, 1.2

GOVUP.K = GOVUP.J + (DT)(UPG.JK) (83)
GOVUP = 1.0

UPG.KL = (GOVUP.K)(NUPGR) (84)
NUPGR = 0.10 (85)
ALABF.K = (APOP.K)(APCLF) (38)
APCLF = 0.60 (39)

APOP.K = APOP.J +(DT)(ANMR.JK + ANBRJK) (20)
APOP = 146636

ANBR.KL = (APOP.K) (ABNBR.K) (23)
ANMR.KL = (APOP.K) (ABNBR) (AOMAF)  (21)
(ADAM.K)(FMP.K)

ABNMR = 0.047 (22)
ADAM.K = TABHL (ADAMT, ABDAM K.0.0,6.0,2.0) (25)
ADAMT = 1.0,1.1,1.3,1.5

ADMAF = 1.0 (29)
ABDAM.K = AJOBM.K +ABHM.K + ASM.K  (87)
AJOBM.K = TABHL (AJOBMT, APCEMPK, 0.5,1.0,.10) (26)
AJOBMT = 1.0,1.1,1.2,1.3,1.6,2.0

ABHM.K = TABHL (ABHMT, APCH.K,0.25,1.0,0.25) (28)
ABHMT = 0.0,1.0,1.5,2.0

ASM.K = TABHL (ASMT, ASERVL..75,1.0,.05) (27)
ASMT = 1.0,1.0,1.0,1.2,1.5,2.0

ASERVLK = ASERVL.J+(DT)(ASDR.JK) (30)
ASERVL = 0.65

ASDR.KL = (ASDM.K)(ASERVL.K)(ASNDR)  (31)
ASNDR = 0.15 (32)
ASDM K = TABHL (ASDMT, APOP.K, 146636,196636,10000)(33)
ASDMT = 1.0,1.0,1.0,1.1,1.1,1.2

AAHD.K = APOP.K/ABAVHU.K (46)
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A ASSM.K = 1+STEp (0.25,2000) (12) (35
Note KHAMIS SPRAWL
K.GAD.K = KEAD.J + (DT)(KGRAD.JK) 5) (36)

KGAD = 6.0 SQKM
KGRAD.KL = (KGAD.K)(KSPM.K)(NKGAD) (49) (37

NKGAD = 0.20 SQKM (19)
KSPM.K = (KHM.K)(KEMPM.K)(KSSM.K)
(KTOURF.K)(TECHNF.K)(ADSAK.K)(ZONIN.K) (7) (38)

KEMP.K = TABHL (KEMPT, KEMPD. K,51375,5000) (13)  (39)
KEMPT = 1.0,1.1,1.15,1.20,1.25

KAHUM.K = 1+STEP (1,1425/2005) (92)  (40)
KHM.K = TABAL (KHMT, KAVHU K,61000,81000,5000)(14)  (41)
KHMT = 1.0,1.2,1.4,1.6,2.0

FMP.K = 1.0+ STEP (-9,1430/2010) (15)  (42)
KSERM.K = TABHL (KSERMT, KSERVLK, .65,1.0,.05) (16)  (43)
KSERMT = 1.0,1.01,1.02,1.03,1.04,1.05,1.06,1.07

KPCEMP.K = KEMPD.K/KLABF.K 65  (44)
KLABF.K = (KPOP.K)(KPCLF)(UNITY.K) (69)  (45)
KPCLF = 0.55 (70)

KEMPD.K = KEMPD.J + (DT) (KEMPLIK)  (66)  (46)
KEMPAD = 51375

KEMPR.KL = (KEMPR.K)(KNEGR)(KEGRM.K)

KNEGR = 0.005 (71)
KEGRM.K = TABHL (KEGRMT, KCEMP.K,.25,1.0,.25) (68)  (48)
KEGRMT = 1.5, 1.3, 1.2,1.0

KPOP.K = KPOP.J + (DT)(KNMR.JK +KNBRJK)(51)  (49)
KPOP = 313086

KNMR.KL = (KPOP.K)(KNMR)(KMM.K) (52) (50
(KOMAF)(FMP.K)
KNMR = 0.060 (53)

KDAM.K = TABHL (KDAMT, KHMDAM K,0.0,6.02.0) (56)  (51)
KDAMT = 1.0,1.1,1.3,1.5

KOMAF = 1.0 (60)
KHAMDAMK = KJOBMK + KSERMK + KHMK (88)  (52)
KJOBM.K = TABHL (KJOBMT, KPCEMP.K,.5,1.0,0.10) (57)  (53)
KJOBMT = 1.0,1.1,1.2,1.3,1.6,2.0

S>>0 >0XAZOAH>PORRZO0O0P>> AP >A>>AHP>XP>O0RZC
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KSM.K = TABHL (KSMT, KSERVL,1.0,0,0.05) (85)
KSMT = 1.0,1.0,1.0,1.2,1.3,1.5,1.6,2.0

KHHM.K = TABHL (KHHMT,KPCH.K,.25,1.0,.25) (59)
KHHMT = 0.0,1.0,1.5,2.0

KSERVL.K = KSERVL.J + (DT) (KSDRJKO  (61)
KSERVL = 0.60

KSNDR.KL = (KSERVL.K)(KSNDR)(KSDM.K) (62)
KSNDR = 0.15 (63)
KSDM.K = TABHL(KSDMT, KPOP.K,313086,353086,10000) (64)
KSDMT = 1.0,1.0,1.1,1.1,1.2

KAVHU.K = KAVHU.J+(DT)(KHRLJK) (73)
KAVHU = 47000

KHRLKL = (KAVHU.K)(KHAM.K)(KNHCR) (74)
KNHCR = 0.08 (76)
KHAM.K = TABHL (KHAMT, KPCH K., .5,1.0,.25) (75)
KHAMT = 1.0,1.1,1.2

kKAVHK = (KAVHU.K)(KAHUM.K)(KPPHU) (77)
KPPHU = APPHU (78)
UARK = TABHL (UAKT, ADSAK.K0.0,25.25  (50)
UAKT = 1.0,1.0

KHAD.K = KPOP.K/KAVHU.K (47)
KNBR.KL = (KPOP.K)(KBNBR K) (54)
KPCH.K = KAVH.K/KPOP.K (72)
TDR.KL = (TOURD.K)(TGR.K) (81)
KSSM.K = 1+ STEP(0.25,142/2000) (17)

TOURF.K = TABHC (TOURFT,TOURD .K,1.0,2.0,.25) (48)
TOURFT = 1.0,1.10,1.20,1.30

TOURD.K = TOURD.J +(DT)TDR.JK) (80)
TOURD = 1.00

TECHNF.K = 1+STEP(0.5,1425/2005) (79)
AAHUM.K = 1+STEP(1,1425/2005) (91)
ABNBR.K = 2.7+ STEP (-.02,1430/2010) (24)
KBNBR.K = 3.1+STEP (-.03,1428/2008) (55)

Note CONTROL CARDS
SPECDT = 1I/LENGTH = 1445/2025/PLTPER = 5/PRTPER = 5

N

TIME = 1417/1997
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AGKD ouedll sla3l 8 LY aliall saill| 2
AGR ouadll ola3l 3 Ll sl Juas| 3
ADSKAK Lalall (3, panall 5at) daladll Liluwall| 4
KGAD Lol ool 8 puadll aliwall gaill| 5
ABSPM ouaddl g L saad Jolae| 6
KSPM Lol 9o Gunadd suad Jolao| 7
AHM Lol oSll caliall soatl) Jalao| 8
AEMPM Lol doadl G254t aluall susdl) dolas| 9
TGR bl gl Juaa| 10
ASERM Ll Sloadll oalunall soatl) Jolas| 11
ASSM Lo¥ Lons gally Luadgall okl Jolaa| 12
KEMPM el Joall Gasa) aluall saadl) Jolao| 13
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Abstracts

Geography

From Coexistence to Coalescence: A Simulation
Model for the Growth of Two Cities
(Abha and Khamis - Mushayt)
in South-western Saudi Arabia

Abdel Moneim A. Ibrahim”

This paper focuses on the case of Abha and Khamis-Mushayt in Assir
region. The two cities have grown from small villages along the wadies of
Abha and Bisha to be ranked the two largest settlements in the whole south-
western region of Saudi Arabia. The area separating them is diminishing
rapidly with their fast growth. The study aims to identify primary factors
influencing their growth, elucidate the structure and mechanism through which
they function, highlight major expected results of the growth, and suggest
certain measures for their control. A special DYNAMO model is developed
and used to simulate the growth of the two cities. The model predicts Abha
and Khamis-Mushayt to form a canurbation with a population of 1002389
persons by the year 1445H/2025 A.D. The model also expects important
urban problems to accompany the process, partiucularly in the housing, labor,
and services sectors in addition to similar environmental problems. Finally, the
study, concludes with some relevant recommendations for handling These
problems.

Keywords: System dynamics, Urban sprawl, Coexistence, Coales-
cence, Canurbation.
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