_ 3l ae lal) Aaalad allad) FUal) 3 gad B Apaad) Algdal) Jias
JoAlial) cilad gil) o o g g3 grad

Jae)
Ale olie daaa

Lo YV asle 4 ol siSall

RERRA]

(22 Lsall Cayiall) (et N oyl

2 sanl) Gleie (g3 daal/ ) gSall AiY) = soal) ke (g ) saaie/ ) iSall MiLY)

Aalall shlidlde) )5 daull 5 ala Y1 44
el 2 cllal) dadla
103 gaaad) A el ASLall - 3aa
ARRRETY S IARA &L REOH



(Saudi-KAU) alladl AL 5 0al ve Gllall dadda 73508 8 0al) A5dall yaa Jabade JWA0) o
dial Gpand e "UW" bbie dee (& Guadll S5y "UW" Ghidls daals bbie s
Baal) Jabaddll Gk WS 23 saill 3aaa Adlia) aay A5 paad) A8kl (g slall ¢ 3all 8 Gl Y
& Wl S A Y 55 eg ) pall COEY) Ak (e all il WS el a8 5 iy
o) Ll Aled vie aall Jiial Gle s "HB" Jé gy o ga sl Jaladall 8 4dagd
e smy ST el OIS Gl 5 Capall 5 Ll Liad e DS 8 el S 1) caland) (i s
Ohaidl g daala halada 3 jal) s A8 jal) dpaS il Juadl) Jaal g g Liadd Jaadly s Canall Juad
el cilweS e A ¥ 5 SN (g sie o jlaeY) LS S ga Cuzaddll il Jahdldly 45l
23 st Talaiias 45l apaall 3 sall b cchuall 8 06T Y iy el Jond 3 06V A pay il
DA e lad¥) 31l puant s candand) i pudl) 8 3 guad) aldas) o sl el e @l aala
oo Bl clasale JS5 Capall Juad 8 Dy jall 5 0al 4ad e JasYl a g (il 5 uliadll
Slo Sl e elsed) 3 a dx 0 s Liadl (@il LS Aadandl (gl 8 3 gl (alidsl
el v llall daalas 73 gai laladie (A )3 AT QA e Ayl da o 1Y laia allal) 5 sie
b oaliad) T gl dlly e 50l 5 o) Jomd b S et LD o) e 8 Caal) Jomd 3 sl
slail alana o G (o g il Ada (e JauY) e 3all & Ausha il 5l all a2 2 g
Loaill agd e dalag U1 L 05 o Dbl (e A5 Al i) didaiall Auals 5 dpa Y1 5 S)
Adiadl) (g daliadl)
Capall Joad DA A gl 5 5all Ad 358 JUael) il G A3l I sl sl (ke
o3 Logiy (-0.43) b ot Ll Jabas 35 5 I Gl 5i 5 "ENSO" smsi¥) 2 sisll adsiiall
sl A pall B 0l Cgia e Wlall gl cliids 8 ALl )l 53L0 a8 US4 e et 283l
Gasall skl b galed bl gy G580 o Ll sall lid (8 L1 aelal 33U 8l
S (N gam dn ol so0al g o Llall sall cliida (8 ~100 AL c)lall 1as daiiall
Gl ()85 aia )3y pally gam @l ndad) ALOU sl iy AL Adads A
3ol puand Jixy 138 L) o giadl iall o L1 shall (8 Gy Sl U1 ClliaS (alias)



G 810 ey o LadU) <l iy 45 jie sl DA A jedl 5y jad) 40d (358 UYL sl e
ety Aplaall dae ) )3l g Al 3 sall 5ol (st 8 adliy 38 Lae L sl oSl 3l Calaall
Capall Jaad jlaal G 458 A0 @llia () ddlide G ey AL 23 gaill (o Fendd 322l 3SLa
a2l Taladal) e A3 Jlaally (aidl g Axala Jaladia B syl jalla g

P (%TY) %Y Aty Ay pall 5y 5al) aad & jUasY) Jshagy 5l 5 jlga il N
IS jall zilal 33N Al 8 el e s0e s il Lhdall ae 4 lie (Canall) bl Juad
CURY) o el 1) 5l 5 (saled) Japnall Aahaia (368 (JISulysiSa-Y o v) Llall all ciliida & Al ) 50l
o Gphbaal) o Jasa GO OIS o 5wl Taladally 05 8 L 13 (i) 5 daals Jabada 8 bl
el Jumdl Sl < jelal el ()Y S ST alSlaal) ot ol la JSAL jaas Al Cua
ae Gl daalal ALl 23 gaill sligian 3 5 sl laladd) o el Jaladall 8 480 g asYl
Gl laca¥) Jiial G s Apasd) Al & dlaall cill kDl Juadl Jiiad g peny (KAU) ead
sl (eSOl il Ak vie Leiled (e L



PLANETAR PLANETARY BOUNDARY LAYER
PARAMETERIZATION IN THE SAUDI-KAU
GLOBAL CLIMATE MODEL AND ITS IMPACT
ON CLIMATE PREDICTIONS

By

Muhammad Adnan Abid

A Thesis submitted in partial fulfillment of the requirements for the Degree of Doctor of

Philosophy in Meteorology

Supervisors
Prof. Mansour Almazroui

Prof. Ahmed Alamoudi

DEPARTMENT OF METEOROLOGY
FACULTY OF METEOROLOGY, ENVIRONMENT AND ARID LAND
AGRICULTURE
KING ABDULAZIZ UNIVERSITY (KAU), JEDDAH
SAUDI ARABIA

MUHARRAM, 1439H - OCTOBER 2017G



PLANETARY BOUNDARY LAYER PARAMETERIZATION IN THE
SAUDI-KAU GLOBAL CLIMATE MODEL AND ITS IMPACT ON
CLIMATE PREDICTIONS

Muhammad Adnan Abid

ABSTRACT

A moist Planetary Boundary Layer (PBL), namely the University of Washington (UW)
scheme is introduced into the Saudi King Abdulaziz University (Saudi-KAU) Atmospheric
Global Climate Model (AGCM). The UW scheme estimates the turbulence due to cloud-topped
closure, which is a novel development in the model. It maintains the low-level stratocumulus
clouds near inversion layer realistically, which was overestimated in case of the default dry PBL
scheme namely as Holtslag and Boville (HB) due to the missing cloud-topped turbulence
closure. The UW scheme improves the modeled stratocumulus clouds in both winter and summer
seasons with a significant impact in boreal summer season. The stronger heat and momentum
diffusivity is noted in UW compared to that of HB run. The global rainfall bias is reduced about
18% during winter, and 22% in summer with UW compared to HB run, which is consistent with
the reduction of surface fluxes biases and improved radiative balance. Significant reduction of
summer precipitation bias is noted over Arabian Peninsula. The global temperature bias is
reduced about 0.63 °C in UW compared to that of 0.8 °C in HB scheme during summer season,

while not much difference is noted for boreal winter season. Further, the lower tropospheric



moisture and temperature biases are reduced over most parts of the globe including tropics,
which may have positive implications on seasonal to intraseasonal variability.

We also investigated the Arabian Peninsula summer (JJA) seasonal rainfall relationship
with the El Nino Southern Oscillation (ENSO) phenomenon and found a negative (-0.43)
correlation between them. This relationship is established through an atmospheric teleconnection
which shows upper-level convergence anomalies over the southern Arabian Peninsula
compensating the central-eastern Pacific upper-level divergence anomalies for the warm (El
Nifio) ENSO phase. The upper-level convergence over southern Arabian Peninsula leads to
sinking motion, low-level divergence and consequently to reduced rainfall. The vice-versa
happens for the cold (La Nifia) ENSO phase. Predictability during the El Nifio events is higher
due to the stronger signal, and reduced noise compared to that of La Nifia years. This shows that
drought conditions are predictable for the Arabian Peninsula, which is important to manage the
local water and agricultural resources. The ensemble simulation shows that this ENSO AP
summer rainfall relationship is stronger with UW compared to that of HB run.

The Arabian Peninsula seasonal rainfall prediction skill is improved by 32% (43%) in
summer (winter) with the UW compared to the HB run. Moreover, 200-hPa circulation
anomalies over the Pacific and North American (PNA) region are more likely an observations
with the UW as compared to the HB run, but there is not much difference in the predictability for
two schemes. Furthermore, the Aqua simulations show a stronger tropical precipitation response
with UW compared to that of HB scheme. A new PBL scheme “KAU” is proposed, which
combines local, non-local, and cloud-topped turbulence closures and this scheme is a part of the

latest release of the Saudi-KAU model.



