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Table 1 - Configurations of ECLand Simulations The annual Cydeg (Fig. 3) show the same patterns as the diurnal Cydeg Table 2 - Interznnhual correlzt'ion olf JJA|\ meanT.becjtwe?n Obshand each simu!at.ionl.I For Qg'and
. SM exponent | VPD coefficient | Number of soil layers from mid-spring to mid-autumn. The Qh/Qle partition is represented by EF, LWUpl’ e U g ot e Gyc'e ampiitudes for each summer Statistically significant
Land surface models (LSMs) are an essential component of weather and Simulation name o . correlations at a 79% level are underlined.
- : go gp [hPal] n which is underestimated by Ctr and well reproduced by Exp2 and Exp3.
climate models. They simulate surface-atmosphere exchanges of water, Z .
Y . Ctr sm1 vodo 1 0 In winter, the errors are smaller because the fluxes are small, and the Qh Qle EF | LWup Qg
energy, and carbon. Energy fluxes are represented by partitioning available el e exberiments have no effect because evaboration is not limited by olant
energy (net radiation minus ground heat flux, Rnet-Qg) into turbulent fluxes (default configuration) | (linear function of 6) | (no VPD stress) X T X y P Ctr_sm1_vpd0 0.80 | 021 | 0.68 | 0.88 0.22
o latart and sensble hest (e, Ok Sl i) e " stress. EF rises in winter, due to small Qh.
. R | e g 0 | Expl_sm0_vpdo 028 | 065 | -045| 0.87 | 0.13
Qle, representing evaporation (E), is the most challenging surface energy Exp2 sm0 vpd003 (ho SM stress) 003 4 Obsvlalues Model-Obs difference | |
budget (SEB) term to simulate. One reason is that plant transpiration is i ' Mi /ffl‘ff\ oo = too ()09 meen TSl SYcle ampitue Exp2_smO0_vpd003 0.00 | 0.67 | -0.33 | 0.88 0.14
imi i Exp3_sm025_vpd0 0 T
I|m!ted by stress induced stomatgl closure, rep.r.esented by canopy xp3_sm025_vp . Exp3 sm025 vpdo 041 | 070 | 005 | 0.89 0.16
resistance (r.), which depends on environmental conditions. Exod sm025 vod003 ' e s
P2 -VP ' 2 Exp4_sm025 vpd003 | 0.72 | 0.72 | 052 | 0.90 | 0.17
Objectives EXp5_nz9 1 0 9
- Evaluate the SEB representation in ECMWF's LSM, ECLand, against in-situ SRR A S T T o clumalyels ampTuac reos
observations from Cabauw meteorological observatory (Netherlands). Results and Discussion o . o - Loof E o re T T — —
. . . s /'\ s rend=- m-2/10yr (p=1.2e-05) trend=-2.0 K/10yr (p=5.5e-04)
- Use ECLand to study the importance of plant stress due to soil moisture / \ . :
(SM) and vapour pressure deficit (VPD) for energy partitioning. The default model configuration (Ctr) underestimates (overestimates) o * 7N . |
summer daytime Qle (Qh) (Fig. 1). The diurnal cycle of Qg shows a large EA £ 6 V:
Model description overestimation by night and day. LWup has a daytime cold bias. Nl SN\ & ’ N Y V1 |
y g y p y N 2, . | sol e - ~ 4 N Vs N v/\/_
, o Exp1 (no stress from either SM or VPD) overcorrects the Qle/Qh errors, I VAR \, | AR, R
ECLand computes evaporation from the surface-atmosphere humidity L : : SR R B B B B S W AW A5 6D ¥ Vo ] VT TN
dient A (T b ] , <t - lant overestimating Qle. Exp2, Exp3 and Exp4 (intermediate r.) have better e — . Nzmeasd | ’ LY
— ; - . o Expl_smO_vpd0 = Exp3_sm025_vpd0 = Exp5_nz9 20 N
?ra e t'q Asat di;{md €W tan ae.r(t) yNamic TesIStante fq. FOT plan agreement of Qle/Qh cycle mean and amplitude (Fig. 2). However, they
ranspilration, 1. IS added as an exira resistance. : - : : : - Fig. 3 - Mean annual cycles, averaged over JJA 2001-2020, of observed and simulated SEB terms. 0 0
_ Ineitses qup bIaS, by ITErSesingg evaporatlve COO'Iﬂg. Second y-axis indicates differences from Obs. In (c) and (f), only absolute values are shown. 140 —trend=-26 Wm-2/10yr (p=3.9¢-05) trend=-1.5 K/10yr (p=>5.6€-03)
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T, + 7, g Rrnet (b) e © % The simulated soil temperature diurnal cycles show an overestimated A
r. incorporates the effects of solar radiation (R.), SM (8), and VPD (D.) amphtudg and a phase.lead., at all d?pthS(F'9°4)' Th'? 5 Conisustn with the o
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through a multiplicative scheme: | . . AN A
7 " contrast between the soil and the skin layer. Rl AN
S min - B 1 I I I 40 s IMMA{.\ TN —Y \\__,.
e =717 fr(Rs)fe(60)fp(Da) Increasing vertical .r.esoolut|on (Exp5) red.uc.es TS amplitude and phase R, :
errors. On SEB partitioning, Exp5 has negligible effects, except for a slight 20
. . - . . T —_ 0 . . O O
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ECLand underestimates daytime Qle and overestimates Qh for Cabauw in
summer, corresponding to a low EF. The Qg diurnal cycle is overestimated,
but the error is partly due to a gradual decrease in observed amplitude.

The VPD factor varies exponentially with D.:

1
O exp(—9gpDqa)

= Ctr_sml_vpd0O Exp2_smO0_vpd003 == Exp4_sm025_vpd003 = = Obs
Expl_smO_vpd0  =—— Exp3_sm025_vpd0 = Exp5_nz9

Fig. 1 - Mean diurnal cycles, for JJA 2001-2020, of (a)-(e) observed and simulated SEB terms; (f) SEB
residual. Hours on x-axis are UTC.

| - " Eliminating SM and VPD stress produces unrealistic results, while moderate r
. . Mean diurnal cycle JJA 2001-2020 : - : : : : - - - — - ] _ o ) _ N ) c
where D, = egq; — e, the difference between saturation and actual vapour - - o » o . K e reductions improve Qh/Qle partitioning. Interannual variability is strongly
a ne up C g . . . i
pressure. 416 : . " o 8 - Obs EXPLSMOVPA0 o Exp3smO25vpd0 e ExpS_nz9 impacted, but all simulations show shortcomings.
415 . ® @— Ctr_sml_vpdO Exp2_smO_vpd003 —&— Exp4_sm025_vpd003
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414 o e w8°' Fig. 4 - Amplitude and phase of soil temperature summer diurnal cycle, for 5 levels (shown in y-axis No simulation is optlmal; indeed, in this StUdy we do not intend to propose
T 413 | chad 0 S 70/ as depth relative to the surface). '
L fan o = | o | | changes to the model. However, the results show the importance of SM and
Point simulations with ECLand for Cabauw, 2001-2020 (20 years). S ° 56! ! i The summer interannual variability of Qh and EF is well represented in Ctr, VPD stress formulations to simulate surface energy partitioning.
_and cover is set to 100% grassland, reflecting site characteristics. o . 541 : . although Qle is not (Table 2). Experiments 1-4 show statistically significant
Five configurations are tested, in addition to the default, Ctr (Table 1): ThTh e P et okt o Qle correlations, but Qh is poorly correlated with Obs in Exp3, and
: ' ' lated in Exp1 and Exp2. Exp4 has the b I perf
- Experiments 1, 2, 3, 4: reduced r_, with different dependence on SM/VPD. (d) ah (e) Qle () Time of maximum uncorrelated in Exp1 and Exp2. Ex as the best overall performance. . . . . .
- Per 3 L d soi rt'C, Ut 'tFEDQ | " stead of 4 120 ° g P P P P We will complete this work by considering the large observational uncertainty
- BRpErhvEint <. Lncieasstl soll visnleal resolUlon, Bl 2 ES lINShaeiel I & 110 ‘ 50 op oty Finally, we study an error source in Cabauw soil observations. Soil sensors due to SEB imbalance: the residual Res = Rnet-Qg-Qh-Qle.
Variables evaluated: Tees el evelErens $100] . g2 . 5125 ! are known to sink over the years (Bosveld, 2020), which may cause them to In the present version, we use a corrected version of Qle that “absorbs” part of
- SEB terms: -" Summer diurnal cycles £ o] o E20 120" ! register lower diurnal amplitudes (see Fig. 4a). Res (proportionally to EF). Using raw eddy-covariance Qle, summer Res in Fig.
- Rnet, Qg, Qh, Qle. - Annual cycles " ’ 230] o . : They were reinstalled in July 2016. Before this, the observed diurnal cycle 1f would reach 80 W m=.
- Surface thermal radiation (LWup).| _ s,mmer interannual variability ol I e e e N B amplitude of Qg and TS shows a negative trend, and afterwards a large Our plan is to use EF-corrected Qh and Qle for the evaluation, with error bars
- Evaporative fraction: 0 P 7" TP e e M S o jump (Fig. 5). The simulations do not show these patterns. of length Res, and the raw observations as one extreme.
EF = Qle/(Qh+Qle). O CUsmiwdd | o E2SmOVPIOO3 o Expdsmo2supdo03 O Fig. 5 suggests that the model's Qg and TS overestimation is real but
: . e i i ‘ Bosveld, F. C. (2020). The Cabauw in-situ observational program 2000-present: Instruments, calibrations and set-
- Soil temperature (T5S) pl’OfI'G. Fig. 2 - Parameters of the diurnal cycles in Fig. 1: (a)-(e) Mean and amplitude [W m2]; (f) estimated peak time. exaggerated by this error. up. (Technical Report TR-384). De Bilt: KNMI.
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