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1-Introduction _ _ _
| | | 3-Semi-analytical solution
Source area/footprint : the area of influence of a concentration/flux measurement

6-Optimal parameters for the surrogate model for the flux footprint

performed at height (e.g. eddy covariance, scintillometry) = sensor field of view. ADGMM: Splitting of the boundary layer (.g. ASL) into N sublayers
Footprint function : integration kernel linking the distribution of sources/sinks on the Advection- - Piecewise fitting of the (e.g. MOS'T') orofile b(&) with a « solvable » inertivity
terrain surface and the sensor signal. Diffusion profile, viz. leading to an exact analytical solution in the Laplace-Liouville
”5:%: Influence of : Graded space (here, a combination of two shifted Euler-Power-law profiles - EPL)
o * sensor height 7, Multilayer - Assembly of the corresponding analytical quadrupoles

« atmospheric turbulence field

s With an error tolerance of 0.001 on inertivity fitting, less than 10 EPL sublayers are necessary, the ) 1' T o0 r por 8 o8
i | \ — mean wind direction and speed profile u(z) estimated error on the footprint is less than 510>, the computation time is less than 0.5 s. | | /;S | | | €1z
-k ) . — = roughness length z . .
/\?)\ \ ‘ & _ 9 | gih %o Two options for feeding the surrogate model:
~ N N " friction veIC?C|ty u*_ | 1-interpolation in the databases of optimal values for u, and £2/z,, as functions of z /L and z/z,
( > \ " atmospheric stability (Obukhov length L) S o - 2-leverage analytical parameterizations of (z4/L, z,/z,) and £2/z,.(z,/L, z,./7,) (see KK, 2023)
| " ' 7,/Le [—0.07, +0.02] Fqu
1 0 stochast del otically Analvtical footprint models (Eulerian f ‘ S g 08T Performances for 1z /z, <|6,10°] Root mean square error < 1.6%
agrangian stochastic models are asymptotically nalytical footprin m_o e_s _( u erl_an ramewor ms g | 2 /L e[-100, +4] Maximum absolute error e
accurate, versatile, but time expensive + K-theory — eddy-diffusivity profile K(z)) are 5 . 06 \
analytical parameterizations ; fast, but all assume, at best, power-law profiles 3 = : :
. | | | kS Zo04p /-Comparison with KM and HKC models
(HKC, 2000, KCRS, 2015) f()r U(Z) and K(Z) (eg KM, 2001) a E p Flux footprint obtained with:
‘ : Sozf 0.15 — T T TTT] 3 00 - the semi-analytical model (black)
: : : : : : G zo/L =-2107 zy/L =+2107 - the surrogate model with optimal
A new (semi-)analytical footprint model was developped, which is fully compliant - o s HEAES - 25 f parameters (blue)
: : : : : ! 4 0 3 4 5 b - the surrogate model wit
with arbitrary profiles, e.g. Monin-Obukhov profiles in the ASL (KK, 2023) R A h G0 " 5 o4 \ _ | . parameterized parameters
P " P " = RMSD =:66% RMSD = 85% (magenta)
q% RMSD = 20% 1.5+ RMSD = 9% - KM model (green)
2-Liouville transformation, new scale and new parameter 3.5 [ 1 E N\ "~ AKC model (red)
— g 0.05F 1r lllustration for a sensor at
31 =o0al E height Z,./Z, = 1000
Z | | 1 CIJ_L% = b 05F
Variable change : depthz — §(Z)Ej \/u(z )/K(z )dz e £ -
Zg - I &0.6— 0 s ] = 0 — e
£%(z) s called the Diffusion-Ascent-Associated Advection Distance (DAAAD) £ ° E 107 10° / 10’ 10° 10’ 10° / 107
'S 15 B 8 i xzm xzm
i i .. i i 204
b(z)z \/u(z)<(z) IS called the atmosphere inertivity (~ inertia to any change of state) ‘é _ 3 10% SV
] ] ] ] _ ] = 1 g 02t Root mean square diffe_rence between
2D advection-diffusion equation for the Reynolds-averaged crosswind-integrated 05} | 104 the presen s;e(lm;;;malyncal model and:
. - moaeil (le
concentration or flux: ob— & . N EREEE . AR EEIHH R HH IR | - HKC model (right)
_ : : _ 102 107! 10° 10 1072 107" 10° 10’ 10? _ 10%F
In X-Z Space. In X-§ (LIOUV_IHe-)Space_' _ Upwind distance Jc/éf1 Upwind distance x/{ﬁ t\:‘s ZO/L betweeln _(I)'Ol (unstatl)l.e—reld) snd
Two variable coefficients: u(z) and K(z)  Only one variable coefficient: b(¢&) 102} v0 )7 e e blie), heutralin black
) Neutrat Flux footprint (left) and cumulated flux footprint (right). Nondimensionalization with sensor height Z,,, (top) or with the DAAAD & 2 = £ (z.,) (bottom). : Zp/L between -2 and +1
© L Y A MOST profiles issued from Businger-Hogstrom parameterization with Z,/L between -0.01 and +0.01 (unstable in red tone, neutral in black, stable in blue ol L
E Unstable = N tone). lllustration for the case of a sensor at height z,./z, = 1000.
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£ e - A Sable S — 5-Surrogate models (concentration and flux) 10 isp 10
g < R I e : 2
5 A 404 ] o
E 10 - = 10 G 7 F Inverse Gamma distribution )
> 8 S " e —y £’ 4 () £ 8-Summary and outlook
100 = St : Flux: T, (x,zm)z fl X, u,—— |=— : exp| —=— | == Two parameters: u, &
10° 102 104 10° 10° 7 102 " 4 5 F(,u ) 4 X 4 X : .. : : :
Nondimensionalized DAAAD: &2z, : s s - Mathematically efficient (semi-)analytical footprint model (accurate, fast)
’ S ' _ ) & F(,u —1) E° - Compliant with arbitrary atmospheric stratification (illustration was given for MOST profiles in
10 T T 5 - o (xz,)== S f|xp—-1= ' - - i
oy e i’ Z 10 Y — Concentration: 1, ( m) 2D, F(ﬂs) Hs 4 == Three parameters: s, ¢, b the ASL; future extension down into the roughness layer and up to the BL height)
£ 10 o 5 10° I 10° 2,/Le[-0.1,+0.1] - 3D extension with admissible plane heterogeneity : [u(y,z)=u,(y)u,(z)
2 g Unstable Nondimensionalized inertivity: & /( u,v/ zO) _ 0 ’
E | The surrogate models reach the following performances for: {z_/z, e [1, 105] y 1K, (% y,2)= K, (X)K , (y)us(2)
: MOST profiles issued from Businger-Hdgstrom parameterization with Z4/L _ erterences _
é N between -10'5. and -0.1 (unstable; orange to dark red) and betwgen +100'5 and _ Lzm/L < [_ 100, +1OO] ‘KZ (X’ Y Z) KZl(X)uZ(y)KZg(Z)
% h = +O/'t (stab!e; light blue to dark blue). The neutral case .(ZO/L :.O) " bla.mk' . Root mean square error < 1% <1.2% HKC, 2000: Hsieh, C. I., Katul, G., & Chi, T. W. (2000). Advances in Water Resources, 23(7), 765-772.
& . | ] o 2T(ten;?§;r'$?gobitevleei£ (iﬁndsgigf)”sgg +1 (stable) in continuous lines, with Maximum absolute error < 204 <2 1% KCRS, 2015: Kljun, N., Calanca, P., Rotach, M. W., & Schmid, H. P. (2015). Geoscientific Model Development, 8(11), 3695-3713.
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Nondimensionalized inertivity: 5 /( #,/z) KK, 2023: Krapez, J.-C., & Ky, G. A. (2023). Boundary-Layer Meteorology, 186(4), 1-49.



