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Summary

The PILPS Phase 2(a) experiment was conducied using observed data from Cabauw, The Netherlands, as the atmo-
E [ 1

£ flux, latent heat Bux, uet radiation
and upward longwave radiation are avallable lor validation. Simulation results from twenty-twe landsurface schemes
are intercompared, focusing on the energy budget, water budpel and thelr linkage. It was found that the annual
This range of disagreement i the surface

differences in both latent and sensible heat fluxes are around 25 W m?.
energy partitioning is closely related to the range of disagrecment in precipiiation partitioning between evapotranspi-
ration and runoff plus drainage, which is around 400 mm for boil variables. The monthly dilference in soll moisture
b in summer when svapotranspiration is high. In winler, on the other hand,
scatter amounting to arouad 50 mm month ™, which s the result

variation amounts to over 53 mm monih
the predicted runofl plus drainape shows a large
of strong, but different, model responses to precipitation. Because of the close link between runoff plus drainage and

surface energy fluxes, this range of scatber in runoff plus drain

1. Introduction

The Project for Itercomparison of Landsarface Pa-
ramelerization Schemes (PILPS) is a World Climate Be-
search Programme project operating under the auspices of
the Global Energy and Water Cycle Experiment and the
Working Group on Numerical Bxperimentation. Hs goal
is to improve the understanding of the parameterization
of the interactions befween the atmosphere and the con-
tinental surface in climate and weather forecast models.
Since its launch in 1992 (Henderson-Sellers ef al., 1992),
PILPS has been responsible for a number of complemen-
tary sensitivily studies (Figure 1), In the PILPS Phase
2{a) experiment (Henderson-Sellers et al, 1985; Chen ef
al, 1996}, observed data from Cabanw, the Netherands
(51° 58N, 4° 36'E) ure used as the atmospheric forcing to
drive lagdsurface schemes. Measurements of surface en-
ergy fuxes, net radiation and upward (from ihe surface
to the atmosphere) long wave radiation are available for
validation. Bach scheme s run offline to equilibrium by
looping through the one yvear’s foreing data as many times
as necessary, The results are subjected to quality coutrol
checks including energy and waber conservation belore -
tercomparison. Twenty-three landsarface schomes {(Table
1) have participated in the experiment. In this paper,
some of the experiment results will he presented, with fo-
cus on the energy budget, water budget and their finkage.
2. Burface energy budget

The role of a landsurface scheme in a numerical
model is to predict energy, water and momentum exchanges
between the surface and the atmosphere, Hence the as-
sessment of energy fluxes predicted by individual schemes
is important to intercomparison. The surface energy bal

ance equation is

Rnegt—LH -SH -G =10 {1}
where G s ground heat flux, LH Is latent heal fux and
SH is sensible heat flux. The net radiation is given by

Ruel = (1 — a}Rs + e(Bld ~ aTrad") (2}

oo i of particular concern.

where Fs s shortwave solar radiation, Rid 15 downward
longwave radiation, Tred is surface radiative (effeclive}
temperature, o is surface albedo, ¢ is thermal emi
and o is Btefan-Boltzmann constamd. Among these vari-
ables and parameters on the right hand side of (2}, only
Trad is predicted by models while all the other variables
are prescribed {& = 1; although the surface albedo is pre-
dicted 1 some schemes, a constraind is bnposed that the
predicted value should be close to the Cabauw estimated
value 4.25, excepl when there is snow).

Figures 2, 3 and 4 show the seasonal variations (monthly
mean) of surface net radiaiion, albedo and radiative tem-
perature. To complete the enbire seasonal cycle, the di-
agram shows 13 months resulls, in which month 1 = 14
The Cabauw radiative temperature is derived from the
measurements of upward longwave radiation Bl follow-
ing the last term of (2}, Le

s1vity

Riv = coTrad®. {3)
The range of disagreement for the net radiation, is less
than 10 W m ™ from October to March {winter) and about
20W m? during April to September. With corparison
to the Cabauw measurements, the simulations by most
schemes predict the net radiation arocund the observations.
For most of the year, the surface albedo values (simply pre-
scribed in some schemes, e, BASE, MOSAIC and SE-
WATR, while predicted in others, ez, BATS, CLASS and
S5iB, Figure 3} are close 1o 0.23, but in Javuary (month
1) when there is snow, the surface albedo scalier increases
to hetween 0025 and 0.65. Since the downward longwave
radiation, Rid &5 much higher than the shortwave solar
radiation, As in Janwary (monthly mean Rid = 264 W
m™F, while Bs = 83 W m™¥), the large scatler in surface
albedo does not result in a bwge difference in surface net
radiation among the participating schemes (Figure 2).
The disagreement in radiative temperature (Figure 4)
is around 2 K in winter months and around 4 K in summer
months, which is similar (o finet n terms of the seasonal
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Tuble 1: List of models participating in PILPS Phase 2(a) and some information about the landsurface schemes.
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Figure 2: Simulated monthly mean surface net radiation
compared with observation (W n

cycle, 13 months results

antire seasonal
are plotted.

{rmonth 1 = 13)

variation of disagreement among schemes. Since the seat-
ter in albedo has little effect on the scatter in Anet,
discussed above, the latter must be largely explained by
the scatter in surface radiative temperature as shown in
Figure 4. In July, for instance, the surface radiative tem-
peratures are around (290 & 2) K which is in accordance
with the 20 W m~* scatter in Rael. With comparison to
the Cabauw observations, the surface radiative tempera-
ture 1s overestimated by most of the schemes through she
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Figure 3: As Figure 2, excapt for simulated surface albedo
{ratic). Tor snow free periods and day time, the prescribed
surface albedo is 0.25.

As noted in previcus PILPS experiments (Pitman el
al, 1993; Shao el. al 1094), the partitioning of surface net
radiation into sensible and latent heat fluxes can be used to
characterize some of the differences among the landsurface
schemes. In Figure 5 the annual mean sensible and latent
heat fluxes of each scheme scatter roughly along a diagonal
line. Since the annual mean ground heat flux is zero,

SH = —LE + Rnet {4)

" Since Bnet is a prec

and all schemes oboy the above energy budgel equation,
the annnal rean 8H and LE should have a linear relation-
ahip with a -1 slope and an intercept of annual mean Roet.

ficted variable, the intercept of the lin-
ear relationship is unkuown. The seatier around the diago-
pal line of the linear relationship is related to the difference
in anpual mean Rnet, which is determined by the differ-
ence in surface radiative temperature and, to a much lesser
extent, surlace albedo ag discussed above. The distanc

between schemes along the diagonal line relates 1o the dif-
ference in the energy pariitioning between annual mean
latent heat fux, and sensible heat flux. Figure 5 shows a
seatier in net radiation of about 10 W m~* and a discrep-
ancy in energy partition of about 28 W m™2. How r, b
must be noted that annual averages mask larger differences
on monthly and diurnal time scales. Compared with the

observed annual mean i can be seen that some schemes
grossly overpredict evaporation {e.g. BUCK) while others
allow too little evaporation (e, BECHAM).
T Gl AASH

;:% a2 [ ¥ k] T T T T T T i T L; 1 RATE
o pa
W 289 A
a h:
_:'fl -
o285 b 4
o 281 ¢ B
b - [
R,
w277 - E: EC1RAL
it EWAR
"’-2‘-2 . T e APONSOR
@ e gt
s ! — e ywE
=l b o O DA
2 269 by
= = & L
o 265 ] L 3 2 L f} A A L X I 1 : e CARALW

o1 2 3 4 5 B 7 8 9 10111213 14

Time {month)

Figure 4: Ag Flgure 2,
B £ :
peratire (B).

except for surface radiative tem-

the seatter of mouthly range in
20 W mo? in the winter months
20 W om~ in the summer

Figure § shows that
latent heat flux is about
from September to March and
months from April to August: about twice as large as
that in the surface net radiation (Figure 2). The scatter
of monthly mean sensible heat flux is about 20 W m =
through most of the vear (Figure 7). Unlike the latent
heat fux, there is Jittle scasonal difference in the range of
scatter for sensible heat flux. In lact, the range of scatier
is slightly larger in winter months than thal in summer
months. In comparison to the Cabauw data, both the
simulated latent heat and sensible heat fluxes scatter lairly
evenly disiributed around the observations through most
of the year, except for the summer months, in which the
latent heat Sux ts underestimated, while the sensible heal
fux is overestimated, by most schemes. In coptrast to
the significant seasomal variation of actual energy Huxes
from high values in swnmer Lo low values in winter, there
is little seasonal differences in the range of diserepancies
among model predictions. In this regard, the discrepaney
i winter s of particubar concern. This will be further
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discussed in the following section.
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Pigure 5: Annually averaged sensible heat flux (W m~?)
versus latent heat flax (W 7)), showing the different en-
ergy partitioning at the surface by different schemes. The
roughly linear relationship (with the intercept being the
annual mean net radiation) is due to the couservation of
energy. The scatter off this Hine is due to different val-
ues of net radiation and along the line scatter i due 1o
differences in the partitioning of net radiation.

As sven above, the disagreement in annual mean sur-
{rce radiative temperature is about 2 ¥, which corresponds
Lo 10 W om™* scatter in surface net radiation. The parti-
tioning of the et radiation belween latent heat Hux and
sensible heal flux, however, 15 belween one and two times
larger, To understand the cawse of the scatter in late
heat and sensible heatl Huxes, it s necessary to go beyond
the surface energy and explore the surface molsture bud-
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Figure 6: As Figure 2, except for Iatent heat fux (W m™?).
3. Burface Moisture Budget

Figures § and 8 show, respectively, the anpual en-
ergy partitioning and water partitioning. There is a 25 W

m ™2 range in both annual mean latent hest and senzible
heat fluxes (Figure 8}, and & 400 man range in evapoiran-
spiration snd runofl plus drainage (Figure 8). Schemes
with large runoff plus drainage, such as ECHAM and
UGANMP2, have smaller evaporative fluxes and thus larger
sensible heat fluxes; while schemes with smaller runoff
plus drainage, such as SPONSOR and BUCKET, have
larger evapotranspiration and thus smaller sensible heat
Huxes. There is a positive correlation between runoff plus
drainage and sensible heat flux (Figures 5 and 8). The
400 mm range in surface molsture budget is congrient to
the 25 W m™~ range seen in the energy fhixes. From the
energy budpget equation {4) discussed above and the water
budget equation (5) to be discussed below, the linear rela-
tionship would become obvious when there is no difference
in the predictions of net radiation by all the schemes. An
itive r
results are ¢
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Figure 71 As Figure 2, except for sensible heat Hux (W

<

mR)

The water budget equation for the total soill colummn is

dM

7 Pr — Evap — RO — Drain
£

whore A7 is the sum of soll molsture content in the total
soil column and cavopy intercepiion. Since the inlercep-
tion store is small {monthly mean values < 1 min in all
model predictions), it will be neglected in the discussion
of moisture budget here. On an annual basis, there Is no
variation in soil moisture due to equilibrivm requirement
for results, Le. M — g The annnal runoff plus drainage,
therefore, has a lncar relationship with annual evapora-
tlon, with the slope being -1 and the intercept being the
annual precipitation. Since precipitation is a preseribued
input, deviation away {rom the diagonal line in Pigure 8
represents a residual in the water balance, The distances
between the schemes along the diagonal line is caused by
a difference in the water partitioning between runofl plus
drainage and evapolranspiration.

To provide a reference, the Cabauw evapolranspiration
has been estimated by applying the approximated latent
heat of evaporation 2453008 J kg™' 10 the Cabauw la-
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being the annual fotal precipitation(776 min yr and a
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slope of -1,

tent heat fux values, and the Cabanw annual cunof plus
drainage has been estimaied ag a residual of the water
budget. The estimated Cabaww annual values for the two
variables are respectively 526 mm and 246 mm, which are
about o the middie of the model predictions (Figure 8),
but sinee the estimations are crude, ne further comparison
against these observation values will be made.

The deep soil {below 1 m) in Cabauw i permanently
saturated thronghowt the year. The variation of soil mols-
ture in the root zone is, therelore, equivalent to the vari-
ation in the total soil colnmu. In comparing the molsture
budget components, Le. soll meisture varistion (Fgure 8),
total runoff plus drainage (Fignre 10), evapotranspir:
(Figure 6, converted latens heat fhed) and the precipita-
tion (Figure 10, upper diagram), a commoen feature of the
soil moisture variations predicted by most scheines is some
degree of direct response to the precipitation through the
year, except for the summer months from May to August,
in which the evapotranspiration becomes a dominant con-
prol of soil moisture variations. The runeil plus drainage
appears Lo be another (apart from soil molsture varintion)
reactive variable throughout the year. In winter, the pre-
dicted values of runofl plus drainage have the strongest
responses 10 the precipitation, while in swmner the values
are low (< 30 min mouth ™} and their variations are less
directly related to precipitation.

Significant, differenves across PILPS arise from the dif-
ferent ways individual schemes partition precipitation inte
evapolranspiration, runoff plus drainage and soll molsture
content. As shown in Figure 4, the range of disagreement
in predicted soil moisture variation is partivularly large
suruner, amounting to over 50 nun month ™!, which is in
accordance with the range of scatier in evapotranspiration
(Figure 6). In winter, on the other hand, Figure 10 shows
large ranges of disagreement in predicted toial runofl plus
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drainage, amounting to around 50 mm moath ™ (equiv-

alant to about 50 W o ) According Lo the positive
s sonual mean sensible heat Hux and
annnal wotal runofl plus drainage discussed above, it s be-
lieved that this range satter in runoff plus de
largely explain the scaiter of sensible heat Hux in winter
{(Figure 7), which is equivalent or even higher than thal
in summer. When precipitation s strong in winler, such
as the cass in Cabanw, a good sinulation of runcif and
drainage becomes particularly important due to the link
between water and energy dux, The strong divergence of
runolf pius drainage in landsurface schemes s a problem
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