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Noah-MP Energy Budget and Processes

Surface Energy Balance:
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Noah-MP LSM

e What is Noah-MP?

It is an advanced land surface model that allow us
to describe with a high detail the land surface
critical processes, improving Noah-LSM.

e Noah-MP parameters

Physical processes are summarized using several
parameters that play an important role in the
model equations.

e Motivation

The high amount of parameter option
combinations makes a sensitivity analysis
necessary to find optimal schemes in different
contexts (orography, surface land usage, climate,
etc.)




Datos y metodologia

[ TASMIN: temperatura minima |

| PR: precipitacion |

Precipitacidn AMUAL
Espafia peninsular
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$ Nested domains:

> d01: EUF{OCDRDEX ~50Km
> d02: Iberian Peninsula ~10Km

aI., 201?, 2020).
Microphysics: WSM3C
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Annual accumulated

Data. NCEP/NCAR 40-
year reanalysis (Kalnay
et al. 1996)
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Variable physical
New name Original name
meaning/definition
Namelist
options for dynamic vegelation OptDynamicVeg OPT_DVEG
tions fi stomatal
R OptStomataResistance OPT_CRS
resistance
tions for soil moisture Factor [
ey OptSoilWaterTranspiration OPT_BTR
stomatal resistance
options for surface runoff OptRunoffSurface OPT_RUNSRF
options for subsurface runoff OpiRunoffSubsurface OPT_RUNSUB
options for surface layer drag coeff | OptSurfaceDrag OPT_SFC
tions for s ooled liquid
Iy B T OptSoilSupercoolWater OPT_FRZ
water (or ice fraction)
options for frozen soil permeability | OptSoilPermeabilityFrozen OPT_INF
tions for ¢ adiati
G e OptCanopyRadiationTransfer | OPT_RAD
transfer
options for ground snow surface OptSnowAlbedo OPT_ALB
albedo
options for partitioning
precipitation into rainfall & OpiRainSnowPartition OPT_SNF
snowfall
opiions for lower boundery OptSoilTemperatureBottom OPT_TBOT
condition of soil temperature
options for snow/soil temperature OptSnowSoil TempTime OPT_STC
time scheme (only layer 1)
ions for surface resistent
[]]J{IUI'E or surlace resistent (o DplcmundRBislanCEE\ap DPT_RSF

evaporation/sublimation

Default —

Common

references and_
basic

e

comblnatlons

Dry scenario .

Wet scenario

Combination

Exp | dveg bir inf | rad that rsf
0| 4 1 i || 2 1
112 1 1l |4 1 1
203 1 [ 1 1
g2 1 1 [ 1 1
4 | 2 2 il | 1 1
i |2 1 1l [ 1 1
6 | 2 1 N2 1 1
T | 2 1 113 1 1
8 | 2 1 1i (B 1 1
g | 2 1 il [ 1 1
10| 2 1 1 [ 1 1
nil 2 3 11 5] 1 1
125 i 1|1 1 1
B (| B 1 101 1 3
14| 5 2 2|1 1 1
155 2 2|1 1 3
16| 5 2 24 1 3

117] 5 2 2|1 1 3
18| 2 1 1|2 2 1
19| 2 2 1|1 2 1
20 | 2 3 1|1 1 1
21| 2 3 1]3 1 1
2| 2 3 1|3 2 1

23| 5 2 1]3 2 1
241 1 1 1]1 1 1
25| 2 3 1] 3 2 1
% | 2 3 1]3 1 1
27 | 2 a 101 1 i
28| 5 3 1]3 1 1




Objectives

Objective 01

Evaluate the sensitivity of
sensible heat (SH) and latent
heat (LH) to various Noah-MP
parameters.

Objective 03

Select the best
parameterization schemes
from the chosen options for

improved accuracy.

Objective 02

ldentify the optimal
parameter settings for SH
and LH simulations.




Data and metodology Database reference: CERRA-Land

m Spatial patterns m Temporal performance

sO
. sO
Bias accumulated A —

Annual correlation
energy fluxes

Temporal correlation
with Pearson test

Area with no significant
differences with Mann-
Whitney U test

Spatial correlation
of accumulated
energy fluxes

Annual RMSE

Spatial correlation with

Spearman test




SH-2005|LH-2005|SH-2010|LH-2010

1 S 68,32 32,29 62,36 24,89

RQSU":S Sp(]tl(]l pOtternS ;[} 39,9 41,58 | 35,36 | 46,41
52 41,22 43,64 34,92 58,91

° s3 711,36 27,43 44,34 29,09

2005 SH accumulated bias 1 | 481 TaZT 3033 (MR

s5 | 38,22 | 41,46 | 48,54 | 63,06
s6 36,52 | 42,79 | 31,5 | 51,15
s7 58,36 | 34,99 | 41,69 | 41,14
s8 40,28 | 40,82 | 34,18 | 48,85
s9 39,11 | 43,74 | 29,85 | 59,96
s10 | 40,06 | 40,46 | 35,07 | 46,87
s11 | 49,33 | 41,33 | 41,95 | 63,33
s12 | 39,43 | 41,25 | 30,85 | 48,65
s13 | 43,74 | 30,53 | 38,22 | 38,27
s14 433 | 42,56 | 33,98 | 64,51
s15 | 52,66 | 48,02 | 40,82 | 65,61
s16 51,0 | 46,16 | 38,62 | 66,34
s17 | 76,55 | 28,15 | 45,24 | 23,49
s18 | 36,05 | 43,35 | 42,01 | 62,54
s19 | 48,34 | 43,37 | 39,77 | 64,87
s20 | 49,96 | 42,71 | 41,93 | 65,29
s21 | 72,33 | 40,45 | 53,48 | 61,31
s22 | 72,72 | 39,38 | 53,67 | 60,73
s23 | 72,54 | 46,47 | 57,44 | 56,55
s24 | 39,83 | 43,98 | 30,37 | 55,82
s25 | 71,59 | 43,26 | 59,09 | 46,16
s26 | 70,88 | 41,87 | 60,3 | 4801

50 6 20 4o s27 | 49,67 | 45,76 | 42,35 | 51,43
ISR SIES CRS iy esis s28 | 74,32 | 37,07 | 42,27 | 43,95

SFC=2 — Z,=7,,exp (—kC.-_uv’R_f) Area with no significant
differences (%)

Surface layer drag

coefficient > Czil empirically fixed (Original Noah LSM)
Chen et al. (1997) Zhang et al. (2022)




Results Spatial patterns
2005 SH accumulated bias

-100  —-80 —-60 —40 —20 0
Annual SH bias (W/m?/year)

Affects the energy available It defines the surface
for evapotranspiration and RAD = 3 + ALB=2 albedo
soil heating. / \
More complex
radiation treatment

Area with no significant
differences (%)

H-2005 |LH-2005(SH-2010|1L.H-2010
s0 || 6832 | 32,29 24,89
sl 39,9 41,58 | 35,36 | 46,41
s2 41,22 | 43,64 | 34,92 | 58,91
s3 71,36 | 27,43 | 44,34 | 29,09
s4 48,1 43,71 | 39,38 | 65,21
s5 38,22 | 41,46 | 48,54 | 63,06
s6 36,52 | 42,79 | 31,5 51,15
s7 58,36 | 34,99 | 41,69 | 41,14
s8 40,28 | 40,82 | 34,18 | 48,85
s9 39,11 | 43,74 | 29,85 | 59,96
s10 40,06 | 40,46 | 35,07 | 46,87
s11 49,33 | 41,33 | 41,95 | 63,33
512 39,43 | 41,25 | 30,85 | 48,65
s13 43,74 | 30,53 | 38,22 | 38,27
s14 43,3 42,56 | 33,98 | 64,51
s15 52,66 | 48,02 | 40,82 | 65,61
s16 51,9 46,16 | 38,62 | 66,34
517 76,55 | 28,15 | 45,24 | 23,49
s18 36,05 | 43,35 | 42,01 | 62,54
s19 48,34 | 43,37 | 39,77 | 64,87
s20 4996 | 42,71 | 4193 | 65,29
s21 72,33 | 40,45 | 53,48 | 61,31
522 72,72 | 39,38 | 53,67 | 60,73
s23 72,54 | 46,47 | 57,44 | 56,55
s24 39,83 | 43,98 | 30,37 | 55,82
525 43,26 46,16
526 41,87 48,91
527 45,76 | 42,35 | 51,43
s28 | J4.32 | 37,07 | 42,27 | 43,95

C[ﬁ Dynamical computation of .
albedo Niu et al. (2011)




Results Spatial patterns
2010 LH accumulated bias

Area with no significant
differences (%)

Canopy resistance to
water vapor flux

—40 —20 0 20
Annual LH bias (W/m?/year)

CRS = 2

Chen et al. (2020)

Use an empirical and
simplified scheme.
Jarvis et al. (1976)

SH-2005|LH-2005|SH-2010|LH-2010
sO__| 68,32 | 32,29 | 62,36 | 24,89
s1 39,9 | 41,58 | 35,36 | 46,41
s2_ | 41,22 | 4364 | 3492 | 5801
s3__ | 71,36 | 27,43 | 44,34 | 29,09
s4 48,1 | 43,71 | 39,38 | 65,21
s5 | 38,22 | 41,46 | 48,54 | 63,06
s6 | 36,52 | 42,79 | 31,5 | 51,15
s7 | 58,36 | 34,99 | 41,69 | 41,14
s8__| 40,28 | 40,82 | 34,18 | 48,85
s9 | 39,11 | 43,74 | 29,85 | 59,96
s10 | 40,06 | 40,46 | 35,07 | 46,87
si1_ | 49,33 | 41,33 | 41,95 | 63,33
s12_ | 39,43 | 41,25 | 30,85 | 48,65
s13 | 43,74 | 30,53 | 38,22 | 38,27
sl | 43,3 | 42,56 | 33,98 | 64,51
s15 | 52,66 | 48,02 | 40,82 | 65,61
s16 | 519 | 46,16 | 3862 | 66,34
s17_| 76,55 | 28,15 | 4524 | 23,49
s18__| 36,05 | 43,35 | 42,01 | 62,54
s19 | 48,34 | 43,37 | 39,77 | 64,87
s20 | 49,96 | 42,71 | 41,93 | 65,29
s21 | 72,33 | 40,45 | 53,48 | 61,31
s22_ | 72,72 | 39,38 | 53,67 | 60,73
s23 | 72,54 | 46,47 | 57,44 | 56,55
s24 | 39,83 | 43,98 | 30,37 | 55,82
s25 | 71,59 | 43,26 | 59,09 | 46,16
s26__| 70,88 | 41,87 | 60,3 | 48,91
s27 | 4967 | 4576 | 4235 | 5143
s28_|| 74,32 | 37,07 | 42,27 | 43,95




Results Spatial patterns

Accumulated SH

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Annual accumulated SH (W/m?2/year) Annual accumulated SH (W/m?/year)



Results Spatial patterns

Accumulated LH

50 60 70 80 90 100 110 120 130 140 150
Annual accumulated LH (W/m?/year)

60 70 80 90 100 110 120
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Area : Sl Otlal
Wlth No H . O te
significa : 'S
n
SH-200 t differences (%) \A 4 v
s 3 (LH-2005 . D Exp | dveg | ors | sfc +
68,32 SH-2010 Spatial efault — TRy W N
s1 39 32,29 62 3 LH-2010 Correlatio A I | ) rad | alb | toot | stc | rsf
52 st e SH-2005 ns 2 s [ [1[3]2]2 ]
54 ?415316 21,43 4igi 28,91 - 0,6872 Eig%ﬂa 0,7406 !([?;[;10 3 SV | 916 S -
. : . 1 |1
s3 ‘ 43,71 29,09 52 0,665 1732 | 0,6507 4 2 2 [1]1[1 1
38,22 39,38 6657 | 0,782 0,6493 Com 4 111
! 41 ! 65,2 s3 ! 7] 06424 [o6a73| referen m _On o |1 |9 11111
s8 58,36 | 34,99 431‘5 51,15 s5 | 0,5556 0,7782 | 0,6368 0273 basic |t 21l 20 1 EADIHR o A
1028 | 40 1,69 | 41,1 s6 0 0.7694 | 0 0,6651 combinati 1] 1 1 |2
59 39,11 43‘§2 34,18 48‘8;’ -7 n.ﬁﬂnl 07715 ﬂ.gldﬁ 05932 combinations A i AN
510 | 40, 74 | 29, ' 7488 | 0, 6404 == |8 ]2 1]3]"
sl 49 40,46 3 9,96 0,6856 0,69017 ! 1] 1
33 507 | 4 s9 0,7758 0,6839 9 |2 |1]1 2B
43 1,95 6 s10 0,7849 0,6506 10| 2 |1 il | el | 2
74 0,85 s11 0,77 0,6722 Skl 1l [
s14 30,53 48,65 0672 : 0,658 2 [N l[Fa Al
43,3 38,22 | 3 s12 : 0,7752 | 0. 0,6591 1 11 ]1]1
s15 52‘ 42 .56 3 8,27 0,663 : 0,6356 AN A
66 48 3,98 64 5 s13 0 0,7897 0 0,6244 13 ] : o 6 20
s16 51,9 inz 4[}‘82 ﬁ L 1 s14 lﬁgng ni?ﬁEﬁ ‘5215 [}‘5388 Dry sce . 5 1 11| 1 ’ ) 1 11 1
517 e 26,16 | 38,62 55151 e 06653 | 0,787 06275 o610 1 nario/[] s |1]1]2 o [ P
s18 | 36, 28,15 | 45, 6,34 0,6879 | 0, 0,6185 | 0,/ Ak 1(niliz (0 i
05 524 | 2 516 0,771 0,6691 12 1]
s19 | 48 4335 | 4 3,49 0,682 0,6256 16 2 [1]1
34 201 | 6 s17 0,7814 0,6607 5 |11]2 113
520 19 43,37 | 3 2,54 0.8194 0,6236 al1]2]1
agﬁ gl?? 5 Slﬂ. nl?ﬁnl [}15552 hy s 9 2 1 ! 1 1 3
s21 72 42,71 | 4 4,87 0,5366 0,7782 24|22
33 1,93 | 6 s19 0,7821 0,5995 18| 2 |1 R
522 72 40,45 | > 2,29 0,66 0,5989 2| °
:?2 3448 ﬁ 52“ n;??d? [}15581 19 0 1 2|2 2
e m oy i GHOgoooooong:
57,44 | 56,55 522 n'???i 0,7748 | 0,6997 3‘5533 % FuE PURENEE P e EARE
R A o071 Wet scenario, -1 s [ 5] 2]
s27 07933 | 0,7929 07064 | 2 I ol e 1132 —
49 6 51| 2 1|1
__s28 [ 08354 _{””? 0,6379 2733 |2 |1]1]3]3 il S B
0,7759 | 0,768 _g 97064 Combination 2z |28 N1 a0 a || k3 ] [l iet] T |
6033 lon |28 ] s 2|1 3 0 e (P
1 T T
1




Results Temporal performance

SH correlation

s0 sl s2 s3 s4 s5 s0 sl s2 s3 s4 s5

0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Annual SH correlation Annual SH correlation
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Results Temporal performance

SH 2005 corre lations
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Results Temporal performance

LH correlation

0.35 0.40 0.45 L . i . ; : 0.35 0.40 0.45
Annual LH correlation Annual LH correlation



Results Temporal performqnce

0.7

0

0.1

LH 2005 ¢
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Results Temporal performqnce
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Results Temporal performance

SH 2005 RMSE

0.40

0.351
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Results Temporal performance

LH 2005 RMSE

RAD=3+ALB=2

T T Y LT

. CRS = 2

0 il 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
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LH 2010 RMSE
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Conclusions

e SH and LH variables are more sensitive to parameters SFC, CRS, RAD, and ALB.
e Best configurations for these parameters are the following:
SFC =1 (M-0O); RAD = 3 (Gaps-veg-frac); ALB = 2 (CLASS); CRS = 1 (Jarvis).

e From the selected schemes, best performance are obtained with 21, 22, 23,
25, and 26.

e There is consistency between the precipitation and temperature
assessment and that of heat fluxes: option 21 represents a good
performance of the simulations for dry and wet conditions over the l|berian
Peninsula.
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