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Introduction Model verification Sensitivity experiments

Motivation 'Eli'irrlgorﬁz?Esézhedfzr;%?;e:n\évigg;/g(;?]t.her code and visibility reports from 16 meteorological stations based primarily on sites of domestic and international The original spatial resolution of input datasets We extend the sensitivity study by (Shi et al., 2016) for finer

. L . . L . . . . e scales, examining the sensitivity to the horizontal resolution

d The R_ed Sea, bordered the Sahara and Arablan deserts w_lth little or no river dlscharge and flash flopds from land, is hlgh!y ollgotrop.hlc, Temporal Varlablhty Spatlal Varlablhty Parameters el of plant function type (PFT), leaf area index (LAI), stem area

ESFemallyfln thg norTherr& %arg gardly attglna.ble.?y thte nutrients coming from the Indian Ocean. The impact of dust deposition on nutrient Dust event frequency and intensity are validated against station observations: To analyze the spatial correspondence of model and affected Resolution i Source index (SAI), and clay mass fraction (CLY) input surface
alance or semi-enclosed ked sea may be significant, ' station data, we sample the hourly visibility time series datasets.

Q Dust storms in the western Arabian Peninsula substantially affect densely-populated metropolitan areas of Makkah, Madinah and Jeddah; - _Station dU_St event frequency F4 is based on weather code reports and defined  py dust event reports and calculate the 3-year sampled il 500m x 500m MODIS Land Product MYD12 First, we consider the contribution from each of the input

O Satellite images and ground observations show that there is a zone of increased dust activity in the western part of Arabian Peninsula na cr:]IIassmaI Wgy d(Shao et al., Z(d)oﬁ): i :h N/ Ntolt ! whgre Nfd 's the nl_Jm:aedr_ of  mean visibility for each station. Mean emission rate Is S Fin LIRS HODIS HICRIS surface characteristics separately. We have performed the

This narrow dust generation zone may be important for nutrient balance of the Red Sea, as located in a close proximity to the Sea. monthly reported dust events, and Ny, is the total number of reports (including calculated for model data by sampling for the same SAl 0.5° x 0.5° 1km x 1km Calculated from LAI control experiment with all of the surface data taken at 10 x

those when visibility was not reduced below 10000 m and no weather code was  timesteps. In other words, we compare the mean

i B — : . : ) STATSGO-FAO 10 km resolution (HALL), and four additional simulations. In
b e We employ the high-resolution CLM4 (Community Land Model reported). To obtain Zthe corresponglng time series from model data two constant  yisjbility reduction during intense dust storms with cLY NS 1km x 1km 10k x 10k the LPFT, LLAI, and LCLY experiments, we degrade the
ag‘u el Sacmag L version-4) model with the DEAD (Dust Entrainment and thresholds of 1 pg/m*-s and 4 pg/m*-s were applied. local dust emission rate. _ . spatial resolution of one of the datasets in comparison with
vle, R S Deposition) module to calculate dust emissions in the western coast Q Station dust event intensity is based on visibility measurements and is defined @ Having two samples of 3-year mean values, we SN S I 4 types of source functions | HALL to 50 x 50 km.
fth i insul inciole obiecti : as monthly average visibility reduction when dust event is reported. Corresponding :: calculate the correlation coefficient between them. The Using high-resolution vegetation dataset results in appreciable increase in
of the Arabian Peninsula. Our principle objectives are: _ _ _ _ e _ _ iotal dust i h ol ribution f LLAl and LPET Spatial uti f inout dataset din simulat
JQto examine the model sensitivity to the tvoe and horizontal model time series are obtained with the same threshold as frequency:. analysis is performed for three basic experiments and Otal dust generation with comparable contribution from LLAl and - patia resolution ot input datasets used in simuations
esolution of land surface datasetS'y yp Vodel — stat v S , ations for. four source functions applied to each of them. The best E_hi chag%fes are not strictly addlltlve ar:‘d are sp?tlallé/ non-uniform, with thﬁ -l  simuaton
_ ! _ _ _ Oael— station monthly spearman's correlations or. _ results were obtained when using SEVIRI source tr:g esL tl etr_elnces otcct:prrln%j_?cl)ng t te coastal an erlc_)ll_m_taln areads iNOIfE/ _ HALL  LALL  SALL  LPFT LLAI LCLY
Eltq det_ermlne_ the_ best model f:o_nflguratlon by perf_ormlng dust event frequency dust event average intensity function. Depending on model spatial resolution, the e substantial vegetation. Total dust emission in _|s 0aroun 0 - o T T e T T 10k
os o simulations with various tvpes of statistical dust source functions: 0. _ S : : smaller then in HALL. The separate differences are smaller: 6% (LLAI) and
Dl cosstrares & yp , - Bl nom*s| 07 5 significant model skill varied from 0.68 to 0.85. 0 . . . 2 ) ) ) : ) B
— O to obtain new. hiah-resolution estimates of dust emission from the - B ¢ uo/m’s _ Bl voms 3% (LPFT). The difference between the HALL and LCLY S|mulat|on_ Is not [EEET | LAI&SAL 10km  50km  1km  10km 50 km
, NY ) 0.7 1 B 4 pg/m’'s 1.0 B no SF _ shown, as the changes are very small (less than 1 g/m?-a) suggesting for CLY 10km 50km  1km  10km  10km 50 km
Red Sea Arabian coastal plain - oo Il Geomorphic o - -
piain. | [ ] Topographic weak model sensitivity to the resolution of clay mass fraction dataset. Wind forcing -
We use the high-resolution, advanced surface vegetation datasets I MODIS SN o | o . S — |
and demonstrate their benefits. We compare the results with “*7 Il SEVIR /T = T OALL — LALL ﬂ 7 HALL - LLAL 0 - - HALL — LPFT Second, we analyze the dust
NCDC site independent weather code and visibility reports from meteorological g T Sgonl | ¢ ' RE7A | Mo emission sensitivity to the resolution
=g stations and MERRAero reanalysis. Although these data are indirect @ 3 © 06- » Of the surface datasets without
| A T ‘ with respect to local dust emissions and cannot be applied for S Jeon considering the contribution from
/\’.j:;k | s accurate model validation, they may provide valuable information and % 04 ®  each characteristic separately. We
\Pnblwi:mahm.wa mi i@v)/ﬁkwN - serve as a reference for determining optimal model setup. Finally, we E ' e 1 nerformed an additional SALL
o o I > " choose the best model configuration and apply it to assess the dust o4 o £ experiment, where the model was
IR e e, emission from the narrow semi-desert region in the west of Arabian * 021 22on) ® run with 1 x 1 km grid and all the
A Jigans - Npiran \__S . . . -
NN //_/f Peninsula. We conduct simulations for three years of 2009 — 2011 datasets taken with  highest
(A e with 10-km wind forcing from WRF simulation and present novel 0.0 Joon : .| @ resolution possible. LALL, HALL
estimates of dust emission variability. 50 km LALL 10 km HALL 1km —% and SALL served as Dbasic
. ' : & -20  simulations for comparisons with
- . : o | W station observations with source
M()dElS & meth()ds Results Diurnal variability Seasonal variability e e L e L ) et function correction factors applied
Dust emission Both total dust emission and frequency are peaked around Igte Different emission regimes in the northern and southern parts in 30°N; . .- - : Although the dust generation
) WRF MERRAero QWe present the results based on 1-km SALL afternoon, at 12:00 — 14:00 UTC. The frequency of dust events during | caused by contrasting dust emission generation mechanisms. Winter — . patterns are generally consistent,
source function reanalysis simulation and SEVIRI source function. that have daily maximum is around 35% both in the north and in the south. spring peak is not present in MERRAero due to the coarse resolution 28oN \// ; L 108 thare are some substantial
g S _ ' _ Around 80% of airborne dust is generated between 07:00 — 16.00 UTC. : not allowing to simulate mesoscale circulation. _ _
S & We calibrate the model based on the estimate from the best skill (0.85) when compared with station Wy o o o : differences, most prominent
J & MERRAero, a recent reanalysis product that observations. o e N e Lo TEEm L o a N\ | = Dbetween LALL and two other
S v includes aerosol model component and has the | | O The spatial pattern of total dust emission is highly = =] /7 ke O B S * n  SXPEIMETS. There are Tlﬂ‘Lmorg
- i i i . . . 19 N U | N 0 N D /N A S S R B g 24°N s dust emitting areas in an
CLM4 (offline) highest spatial resolution compared with analogous variable alongside the coastal area. The impact of = 7. | e e LAY N | ©F call s ? ¢ 0
: products. We rely on the estimate of 2009 — 2011 Y- - - - - - e 7 e Ve \ e e =r-Tar | R I DA v~ -V W A s B A I N 7 Ry 5077, £ simuiations — compare 0
Land surface model + scaling v high-resolution vegetation datasets is evident in the N / NS — i ° LALL iallv in th th
< annual dust emission from MERRAero (7.5 Tg/a), : : ol T NN W] e AN e S - , especially in the southern
DEAD southern part, where the vegetation cover is dense. SSOOOTT S ST W - DOPe £ - ol B N , e _ . SALL simulation is sliahtl
dust emission module and scale CLM4 to produce the same dust amount. The dust generation pattern reasonably agrees with N R AR T I I I I R R R e A I A SR ragr vy R g reglon.d il dSIrInualohn ‘wansition
. . . . . . 20: EE;:;@?S‘ T s S St R P S e R PR 20; :m";;;’;w 90 | :Hotoslzgtosam 20°N more etalle a Oﬂg the transition
CLM4 land surface model provides soil moisture, vegetation properties, land use, and soll texture ;ee?QﬁSIyS'S’ complementing it with high-resolution e s ST o] o N + L. ::R; . St - zone (between plain and
to drive the DEAD module. CLM4 runs in offline mode, and is forced by meteorological fields ' RS R I WS | 18°N A N mountains) than HALL. Still, the
provided by WRF. In the offline mode, CLM4 can be run at a finer spatial resolution than the Q In the northern part of the coastal plain, dust emission &7} ==+ =wa v P2 S0NEE 1 RISt SR RGPS an 1§ £ 8 P LALL (50 x 50 km) ¥ HALL (10 x 10 km) SALL (1 x1km) &/ difference between SALL and HALL
driving meteorological model to account for high heterogeneity of land surface. Total dust emission reaches maximum in winter and spring, whereas in & (" octasin®  TRAT g wlieeen A T et f L e s relatively small
flux to the atmosphere is calculated with the formula: the south it is found in summer. This pattern is R O T T -]
F TSf Q ConSIStent Wlth the Seasonallty Of Wlnd forCIng ° o 2 4 & & 10 12 14 18 18 20 22 ° o 2 4 8 8 1 12 14 16 18 20 22 ° Jan  Fsb  Mar  Apr  May Jun  Jul  Aug  Sep Oct Nev Dec 0 °
= TSfa - Concl
. . . . JM TS o U Dust emission hot spots are: Total annual dust generation 1-km CLM4 + SEVIRI SF onciusions
* 1, parameter is a grid cell fraction of solls suitable for dust mobilization, that depends on land defined as areas where .\ Dust event Dustevent  Annual max  Dust generation Dust frequency Dustintensity  Annual WRF  Wind forcing O The importance of using high-resolution input surface datasets was demonstrated. The resolution of vegetation datasets was shown to alter
fraction of bare soil, the plant function type (PFT), leaf area index (LAI), stem area index (SAI) L-km CLM4 + e ora Hot spot - - i iSS| 0 i ith sianifi in hi
| , , : ; generated dust amount and  spvir|SE ero ot spots frequency intensity dust emission ~ monthly STD  monthly STD monthly STD wind forcing  monthly STD the total dust emissions up to 10%. Local changes in vegetated southern areas could be much stronger, with significant dust fluxes in high-
and top soll layer water content; emission frequency are two times : "% 5. ) Peaksensom: Peaksewson: resolution simulations from the zones where it was very weak when using coarse datasets.
T is the tuning constant set to match MERRAero estimate; i O e | ¢ MAM = SON ug/m?s * MAM ® SON g/m*mon_ % Hgm's m/s m/s

higher, and dust event intensity is
1.5 time higher than domain-
averaged values. The hotspots

O Encouraging results were obtained when using SEVIRI source function. Depending on model spatial resolution, the significant model skill
varied from 0.68 to 0.85.

0 The simulated dust emission patterns are in reasonable agreement with coarse-scale result from MERRAero global reanalysis, despite that

« S is dust erodibility, set to 1 in default configuration or defined with source function;
« ais a sandblasting mass efficiency set by the mass fraction of clay particles (CLY dataset);

Q. pqrameter IS the total horizontally saltating mass flux proportional to the third power of wind are located not right by the 135 n ’ s 09 reanalysis dust model uses different source function. The location of major dust hot spots mainly corresponds to so-called ‘wadis’ — lowland
velocity when it exceeds threshold value. coastal areas, but rather near the . riverbeds that are usually considered as the source of alluvial material.
.« _.° . illsi ' 120 a ° 0 o8 O The dust emission regime substantially differs for the northern and southern parts of the coastal plain. In the north, March is the peak month of
Dust emission source functions western hillsides of  Hejaz .. L g ually . . 1ar P . P € north, | peak
e . . o Mountains, in the dry riverbeds @ dust activity, caused by strong, diurnally variable winds, while in the south annual maximum of dust emission occurs in July and is largely
We use four types of dust emission source functions. Topographic source function is calculated . o ) los | 7 lss 0.7 il : : : : - : -
following (Ginoux et al., 2001). Geomorphic source function was described by (Zender et al (“wadis”) where the alluvial i = - 135 - : controlled by low erodibility threshold, soil moisture and source function correction factor. In reanalysis, only summer peak is present given
9 . e P _ y 3 deposits are available that mesoscale winter wind circulation causing the March peak cannot be simulated.
2003). MODIS and SEVIRI statistical source functions are based on AOD measurements from ' o los |5 1o e . . iy . I
- TOR - . | I | |* (] To assess the mineralogical composition of dust emission, we apply the dataset of soil mineralogy and texture (not shown here). 0.076 Tg of
corresponding satellite instruments (Ginoux et al., 2010). QO The annual dust emission from i - . . 4 0.006 Ta of bhosoh tted f ih ol plai v, Th thern dust hot spot il ity 1o th
The MODIS instrument makes measurements twice a day; SEVIRI instrument is located on the the 147000 km2 coastal area : s ; s ron oxdes and L.Lwo 19 07 PIOSphoTus are smitied om e coastal plain annually. 'hie NOrMErn dust Ot Spot areas in tlose proximity 10 he
: : : : " V4 = | I* o Sea that, in combination with the mesoscale jet winds and breezes could make these areas an essential source of nutrients for marine
geostationary satellite and provides measurements every 15 minutes scaled to maitch MERRAero = =
o T L ‘ had b ecosystems.
2 oy ! ' | .,_J' - # o rea.nal.yS|S IS 7.5 Tg The total 1'8°N 16.0 181';: . 20 | g8 {a 20k X% lo.a Blbllography
| | em!SSan flux from the northern - . &Y 1. Brindley, H. E., Ignatov, A. 2006. Retrieval of mineral aerosol optical depth and size information from Meteosat Second Generation SEVIRI solar reflectance bands. Remote Sensing of
o B region is about 4.9 Tg/a, or 65% o ' 0.3 Environment, 102(3), 344-363.
= % of the emissions from the entire o 7 2. Kalenderski, S., Stenchikov, G., Zhao, C., 2013. Modeling a typical winter-time dust event over the Arabian Peninsula and the Red Sea. Atmospheric Chemistry and Physics 13, 1999-2014.
e s f-’,-l) _ _ ) 16.5°N 16.5°N | 3. Ginoux, P., Garbuzov, D., Hsu, N. C., 2010. Identification of anthropogenic and natural dust sources using Moderate Resolution Imaging Spectroradiometer (MODIS) Deep Blue level 2 data.
g A < coastal plain. This estimate : .., . 0.2 Journal of Geophysical Research: Atmospheres, 115 (D5).
@ E highlights the importance of this : s o 4. Ség(;%x P., Chin, M., Tegen, I. et al., 2001. Sources and distributions of dust aerosols simulated with the GOCART model. Journal of Geophysical Research: Atmospheres, 106 (D17), 20255-
20°N 0.06 0.06 T o1 .

dust source for supporting the = =»
nutrient balance of  the =
o un oligotrophic northern part of the @ **
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