WRF simulations of upslope and downslope flows over the Guadarrama mountain range (Spain)
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4. SIMULATED SLOPE FLOWS AND FOOTPRINT ESTIMATION

W ¥ GOBERNO MINISTERIO Cmoe

Under weak synoptic pressure gradients and clear sky, the thermal patterns : : 0c ol b 16 / \ / . \
- Synoptic p g : SKY, L - [111) A period of almost steady synoptically-stable conditions is simulated: 16-22 May 2016. TKE BUDGET: FOOTPRINT ESTIMATION: Area that contributes to the measured flux at
over mountainous terrain generate some characteristic circulattons '': ; ; ; S ; ; ;
8 (a) Simulated virtual potential temperature (K) and wind vectors (YSU-MMJ) 410 oe g ’H’ — U a(w’e) 1 6(er/) a certain IOCaUOIl, estimated from a distribution function. We use a Lagranglan
[ | | | | | | | | | | | — —_— ] — —_ S —_ —_ . . . . . .
O L, - 2 A - [ ot| 6, (W ”) W sz 9z p 9z £ Stochastic Dispersion Model (LSDM), 191, The cross-wind integrated footprint:
° . ° . | | I
Anabatlc. (upslope) winds Katabatic .(dowslope) winds so R N L R N, tendency buoyancy shear TKE  pressure  dissipation DzP|L|L=P
during the day during the night i i i 309 turbulent correlation FY — 1 pLPILIl-PoT 12
‘ ‘ 400 |- : | : - - (X, Zm) — 2.2 Zul | e X
2 =V R N J — - (Advection not included)  papsport  term k2x
| | | /
| I I . . .
Buoyancy e ddET F h 4 o 1 300 | where 7 1s a length scale, z  the eftfective height of the sensors, D and P
=300 [ -~ B ¥ A‘IF’ 2 4% :‘“- ¥ :L- - similarity constants, L. the Obukhov length and k the Von Karman constant.
1 T | Y <4 ] ~ | e i | Extending it to 2D adding the contribution of lateral dispersion 71
=250 § A V4 i - . - — 5 . e . . 2
c A i’/ B i j i e Is this term missing in the WRF ) _E(L)
T 4 7 . — _ 2\o
200 Ay W s . - L TKE budget? The closure is not fx,y,z,) = D,(x,y) - F”Y (x,zy) = e € v/ < FY(X, Zy),
Gravity 40F K I B - - P j 200 : : : . . - Y .
150 A £ - - L achieved (more evident in the with 6, being the standard deviation of the lateral-wind fluctuations.
o A | ‘;,' B A 7 ug - 1 anabatic stage). \_ /
Day Night ; v i ; . f W :: 285 . . . 0
Z N AN - N - = = Katabatic direction: 337° (NW)
Figure 1. Schematic representation of the forces involved 1n (a) anabatic and (b) katabatic %0 ;7 3 N A= ii ¥ E_l':_ E = @ 10:m wind vectors during the katabatic stage (16/05/16 at 2200 UTC) ()  Footprint estimation during the katabatic stage (16/05 at 2200 UTC)
: ¢ . . . : — : :-: - . ° : : -3 \ \ 2000 udget and wind vectors durin e katabatic stage a 14
winds 2. The air temperature in columns A and B determines the density and o L= S RN E = = 080 o X NI E2EE (b) TXEDbudget and wind vectoss during the katabaic stage (16/05 at 2;‘“” UTC)
) . 1o M 17 May 18 May 20 May 21 May S :"\ Ny > (‘;’/ T
consequently the pressure-gradient force (PGF). ‘ 3 O O a | 5 :§ :.; _f: 2 e | | w |,
e : . : : K o R A e - e (SN = ) B S e TSGR e = B (PR iRl B G WIN « S VTIEY VAN L e . m s~ — |
Interaction with other mesoscale circulations !9l il - S NN B s L) s Seslinigs b Gied Sl Tl A ool CRRE P LRSS 3 e ' l,
. . . S = s /ﬁg\ = = Y S ' - kL b S s ) Py | PECMBREL | S Sy = Il I-pyeys | =
MOTIVATION — Downslope flows - gravity waves - turbulence interactions 4. Ty B V}} e |Lade ??53.}:.}%:}: ; f L }2\3 ol e "~ ~KE chune H fos
s o n ‘ g T406°NFT MY N1 - (XA S ‘-"5250 B —— dissipation 4 i 2
gl | CJ A R BE U E por ‘
 Influence on CO, and (H,0), turbulence fluxes V. wsni LTI ¢ , 2| [R200 \ v 0
Figure 4. (a) Temporal evolution of the vertical profile of the simulated virtual potential temperature and wind vectors at woun FRANSRUTT 11000 150 \ )
the grid pomnt of La Herreria site during the selected period for the ysu_mmo simulation. (b-h) Daily surface-pressure wand ' 100" \ ’ o= o
2 LH H E R R E R l H 5/ ; E charts for the selected period from Met Ofhice, obtained from Wetterzentrale (www.wetterzentrale.de). 02N sor § 5
[ * or r B QQKQ;_ 0 300 0.2
40.1°N - : ' ' ' ' ' ' “ Cegy, 200
((a) Wind-vector evolution R 4.8°W 4.6°W 4.4°W 4.9°W 4°W 3.8°W 3.59 200 oo o oo ’ “?éO:_S o o o " aé‘.%(%) 100 ko axi® ) 0
1 | | | | T | | T | | | Longitude (%) 100 o a3
A — . . . . . . . » * S
Vo - N S Figure 6. (a) Stmulated 10-m wind vectors and topography of the model in the mner domain on 16/05 at 2200 (katabatic stage). The position of La Herreriais pointed
8 p p
% . r\ A M\ by a blue ‘H’. (b) Simulated vertical TKE budget and wind profile in La Herreria. (c) Stmulated footprint in the measuring point (0,0). The employed simulation 1n (a),
- z - T v - : . . .
N ;/ J{ ~ 7 I N : (b) and (c) 1s mynn2_mmdb*, since 1t orivdes the turbulence-budget terms. e |
Y A |  Greatest difliculty to satisly the flux-fetch requirement
transition 1s clearly 'During the katabatic stage, the TKE production 1s ' (see Figure 3) at the katabatic stage (greater footprint |
N . 1dentified during May ‘mainly due to wind shear, whereas the main contributor ‘area) than during the anabatic stage. :
/ PN \ e 16118, This 1s less clear '1n the anabatic stage 1s the turbulent transport. o
— YSU*MMS5 : | D e o e e e oo _ . . .
/:ﬂsl wiE 'in the ysu*_mmJ | Anabatic direction: 177° (S)
I . ! ! . l ! . ! ! : | . . . | Footprint estimation during the anabatic stage (17/05 at 1200 UTC) %107
e I o IR NG (b2)0 | |'Tenlplel‘::l.tl.lll‘e evollutionl | | | : SlIIllllathIl dll€ to th@ hlgh : (zﬁ.pN 2000 TK?] budglet and 1|w'1nd vectors during lihe anabatic stage {1?/'05 at .1200 UTC) ™
| | | Py == | \__ A variability of the wind. | am i / 1M, .2 |
Figure 2. Location of La Herreria site and the city of Madrid (Spain). The source of 18- —— MYNN2 MM5* |- e - o 4507 fm ol / 1] 12y Jos
topography data 1s ASTER GDEM (METI, NASA). L 4001 / ] " 08
o116 T —— Sty 11500 350 - / 10l < _
: 'How do the slope flows | alis7 7| | Ea00f == SIKE change / | B |
: i P el 1 :
gl4 all : ZOGQN RO g | —— dissipation 506+ LK
- : affect the turbulence | e o | Bl wear | f I E
[ 002+ AS3 . : i . . | 540.59N y : i 'Eﬁ ] vertical transpor |
Recently mnstalled Sl {|' and the estimation of i) £ Ea0 ;
' . | . ! 40.4°N 1000 150 N
.mlcromete()fologlcal o ||} the footprint? 5 | ol 4 _
imstrumentation at 10 m ST T - o o f _
+ 4 m por table tower. | | 8 1|2 1|3 | 17 ]_IV[ay | _ Olﬁ 1|2 | 1|8 18 Il\/[ay .Q 0r | T < : . | =|—fl u
¢ \ Time (UTC) ) 0N 500 0.8 0.6 0.4 0.2 0 {;.2_3 0.4 0.6 0.8 1 1.2
@ g 1 2 ' Figure 5. Time evolution of the (a) 10-m wind vectors and (b) 2-m temperature for the four | | | Longitude (7 | |
simulations at La Herreria, from the 16/05 at 1200 to the 18/05 at 0000. Figure 7. The same as 1in Figure 6, but for the anabatic stage.

COy and (HyO), turbulent fluxes + For more information see Poster

The WRF model reproduces the downslope and upslope winds over La Herreria site in the four simulations, [1] Barry, R.G. (2013). Mountain weather and climate, 3rd edition. Cambridge University Press. | |
This research has been partially funded by

chey anc L ke 07 129 Poster Sewion ) 5 CONCLUSIONS & FUTURE PERSPECTIVES 6 REFERENCES 7. ACKNOWLEDGEMENTS
3. WRF MODEL
even th ou gh th e use Of th e t O p OVVIb d Optl on makes lt more dlfﬁ CUlt tO 1 d entlfy b ()th Stagﬁs. 5L£eurisri1teé 1(30 i?gifg.lﬁb;;iftggfjg:: of down-valley winds in stable stratification from the KASCADE field campaign and WRIEF mesoscale simulations. Ph.D. thesis, . Spanish Covernment (MINE CO projects

MODEL WRF-ARW VERSION 3.5.1 4 leFerent SIMU/atIOHS. T [3] Ganbat, G., Baik, J.J. & Ryu, Y.H. (2015). A numerical study of the mteractions of urban breeze circulation with mountain slope winds. 7heor. Appl. Climatol., 120, CGL2015-65627-C3-3-R  and -~ CGL2012-

T AT TEOTRNT AT I'he TKE closure 1s not achieved, which suggests that the pressure-correlation term 1s lacking in the model output. 193,135 37416-C04-02) and by the GR3/14 program
PBL & SURFACE (supported by UCM and Banco Santander)

(0] O
CONDITIONS NCEP FNL (1 x 1%, 6h) LAYER SIM. NAME . . . ) . . . . . [4] Roman-Cascon C., Yagiie, C., Mahrt, L., Sastre, M., Steeneveld, G.-]., Pardyjak, E., van de Boer & Hartogensis, O. (2015). Interactions among drainage flows, gravity

I'he surface area corresponding to the simulated footprint 1s significantly greater during the katabatic stage, waves and turbulence. Asmos. Chem. Phys., 15, 9031-9045. through the Research Group

“Micrometeorology and Climate Variability”

HORIZONTAL : YSU + MM5 5 Coye : : : : :
RESOLUTION (km) 4 nested domains (27; 9; 3; 1) ysu_min lndlCatlng 1 greater dlfﬁCUlty to S atISfy th€ ﬂUX-fetCh requ1rem€nts than 1mn the anabatlc Stage. [5] Sun, H., Clark, T.L., Stull, R.B. & Black, T.A. (2006). Two-dimensional simulation of airflow and carbon dioxide transport over a forested mountain. Part I: (N0.910437). Jon A. Arrillaga is supported
by the Predoctoral Training Program for No-

: YSU* + MM5 ysu*_mms Interactions between thermally forced circulations. Agricultural and Forest Meteorology, 140, 338-351.
VERTICAL RESOLUTION Ol eta levle(l)s()(ill)n the first MYNN9 + MM5 InteraCthn b@tVVeen SlOpe ﬂOWS and tur blllence (mlcr ometeor OlOglC&l [6] Jiménez, P.A., Dudhia, J., Gonzalez-Rouco, J.F., Navarro, J., Montavez, J.P. & Garcia-Bustamante, E. (2012). A revised scheme for the WRF surface layer formulation.

mynn_mmo . . Mon Weather Rev.. 140, 898918, Doctor Researchers of the Department of
measurements shortly available at La Herreria site). Education, Language Policy and Culture of

TIME STEP 81 s MYNN2 + MMb5* | mynnl mmo™

[7] Stull, R.B. (1988). An Introduction to Boundary Layer Meteorology. Kluwer Academic Publishers.

the Basque Government

SPIN-UP TIME, 12 h Table 2. SGHSitiVity cxper iments. FUTURE PERSPECTIVES :) CO 9 and energy—budget Studies, [8] Hsieh, C.-I., Katul, G. & Chi, T.-W. (2000). An approximate analytical model for footprint estimation of scalar fluxes in thermally stratified atmospheric flows. Adv. (PRE,_2015 2 0118, MOD = B). We thank

Water Resour., 23, 765-772. ; .
SURFACE. PHYSICS Noah LLSM - - : ' : : . also the contribution of all the members of
od YSU " =YSU + [Opomnd Compar 1SOI Of the ObserV ed and SlmUIated me SOSCale CII ClllathnS. [9] Detto, M., Montaldo, N., Albertson, J.D., Mancini, M. & Katul, G. (2006). Soil moisture and vegetation controls on evapotranspiration in a heterogeneous the GuMNet Team

Table 1. WRF-model Settings. MM5> " = Revised MM eValuatiOH Of the WRF mOdel. Mediterranean ecosystem on Sardinia, Italy. Water Resour. Res., 42, 1-16.



http://www.wetterzentrale.de/

