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Abstract

Thisreport summarizesinitial findings of alarge-scale validation of the land-surface smulations of ten atmospheric general
circulation models that are entries in phase 11 of the Atmospheric Model Intercomparison Project (AMIP I1). Thisvalidation is
conducted by AMIP Diagnostic Subproject 12 on Land-surface Processes and Parameterizations, which is focussing on putative
rel ationshi ps between the continental climate simulations and the associated models' land-surface schemes. The selected models
typify the diversity of representations of land-surface climate that are currently implemented by the global modeling community.

The current dearth of global-scale terrestrial observations makes exacting validation of AMIP [l continental simulations
impractical. Thus, selected land-surface processes of the models are compared with several aternative validation data sets, which
include merged in-situ/satellite products, climate reanalyses, and off-line simulations of land-surface schemes that are driven by
observed forcings. The aggregated spatio-temporal differences between each simulated process and a chosen reference data set
then are quantified by means of root-mean-square error statistics; the differences among alternative validation data sets are
similarly quantified as an estimate of the current observational uncertainty in the selected land-surface process. Examples of these
metrics are displayed for land-surface air temperature, precipitation, and the latent and sensible heat fluxes.

It isfound that the simulations of surface air temperature, when aggregated over all land and seasons, agree most closely with the
chosen reference data, while the simulations of precipitation agree least. In the latter case, there also is considerable inter-model
scatter in the error statistics, with the reanalyses' estimates of precipitation resembling the AMIP Il simulations more than to the
chosen reference data. In aggregate, the simulations of land-surface latent and sensible heat fluxes appear to occupy intermediate
positions between these extremes, but the existing large observational uncertainties in these processes make this a provisional
assessment. In all selected processes as well, the error statistics are found to be sensitive to season and latitude sector, confirming
the need for finer-scale analyses which also arein progress.

1. Introduction

The Atmospheric Model Intercomparison Project (AMIP) has promoted a widely adopted experimental protocol in which ocean
and seaice boundary conditions as well as certain radiativeforcings are prescribed in common, while the state of the land surface is
determined by model-specific schemes. Hence, there is especial interest in analyzing differences among the AMIP continental
simulations that may be attributable to variations in the detailed parameterizations of the associated land-surface schemes (L SSs).
Thisisthe focus of AMIP Diagnostic Subproject 12 (DSP 12) on Land-Surface Processes and Parameterizations, an initiative of
the Project for Intercomparison of Land-surface Processes and Parameterizations (PILPS).

DSP 12'swork in thefirst phase of the AMIP (aka AMIP 1) is summarized by Henderson-Sellers (1999). We now are
implementing our diagnostic strategy (Phillips et a. 2001) for the current-generation AMIP |1 models whose output data are being
archived by the Program for Climate Model Diagnosis and Intercomparison (PCMDI). In addition to analyzing the coupled land-
atmosphere interactions at regional scales (e.g Irannejad et a. 2000 and Irannejad et al. 2001), we are validating the land-surface
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simulations at large (continental -to-global) scales.

This report describes preliminary results of such alarge-scale validation of a subset of the participating AMIP |1 models (Table 1)
whose output data were first made available by PCMDI. These ten models typify the variety of representations of atmosphere and
land surface that are in current use (e.g. only models ugamp-98a and ukmo-98a share many common characteristics). When
considering the selected models LSSs, for example, it is seen that cccsr-98a adopts a "bucket” representation of soil hydrology
that only implicitly incorporates the effects of vegetation canopy and roots (but modified from the classic bucket scheme of
Manabe et al. 1965 insofar as a minimum stomatal resistance for land-surface evaporation is prescribed). In contrast, the other
models include diverse soil-vegetation-atmosphere tranfer schemes (SVATS) that more explicitly represent the details of
continental processes, albeit at varying levels of complexity. This widespread usage of SVATsin the selected AMIP || models
contrasts with usual practice in the earlier-generation AMIP | models, which mostly included variations of the bucket scheme

( Phillips 2001).

Table 1: Selected AMIP Il modeling groups (partial listing of participants), information on the
horizontal/ vertical resolution of the corresponding AGCMs, and the name, type, and relevant
reference for each embedded |and-surface schemes (L SS).

Model Version
(Abbreviation)

Horiz./Vert.
Resolution

L SS Name, Type,
Reference

CCSR modif. bucket,
Manabe et al. 1965

ISBA SVAT,
Mahfouf et al. 1995

M odeling Group (L ocation)

Center for Climate System Research
(Tokyo, Japan)

Centre National de Recherches

M eteorol ogiques (Toulouse, France)

ccsr-98a(ccsr)  (spectral T42/L.18

cnrm-00a (cnrm) |spectral T63/L45

Department of Numerical DNM SVAT,
: : dnm-98a (dnm) 4x5degsg/L21  [Volodin&Lykossov
Mathematics (Moscow, Russia) 1998

European Centre for Medium- range
Weather Forecasts (Reading, UK)

ecmwf-98a (ecm)

spectral T63/L50

ECMWF SVAT,
Viterbo& Beljaars 1995

Japan Meteorological Agency
(Tokyo, Japan)

jma-98a (jma)

spectral T63/L30

modified SIB SVAT,
Sato et al. 1989

National Center for Atmospheric
Research (Boulder, Colorado, USA)

ncar-98a (ncar)

spectral T4 /L18

LSM SVAT,
Bonan 1996

National Centers for Environmental
Prediction (Washington, D.C., USA)

ncep-99a* (ncep)

spectral T62/L.28

NCEP SVAT,
Pan& Mahrt 1987

Pacific Northwest National
Laboratory (Richland, Washington,
USA)

pnnl-97a (pnnl)

spectral T42/L.18

BATSle SVAT,
Dickinson et al. 1993

UK Universities Globa

Atmospheric Modelling Programme I(Jl?a;%'gga 555:3( 3.75 degs/ I(\:/IOCX)SetEaIS Sl\ég‘gT’
(Reading, UK) 9 =E e 8. S
United Kingdom M eteorol ogical ukmo-98a 2.5x3.75degd |MOSES SVAT,
Office (Bracknell, UK) (ukmo) L19 Cox et al. 1999

* now designated ncep-99b

In the remainder of this report, we discuss our validation approach (Section 2) and choice of reference data (Section 3) for
evaluating the ten AMIP 1| models with respect to four land-surface processes. surface air temperature, precipitation, and the latent
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and sensible heat fluxes. In Sections 4 and 5, we explain our validation metrics and show a number of examples. Finaly, in
Section 6 we summarize the main findings of the large-scale land-surface validation thus far.

2. Validation Approach

We acknowledge that the present dearth of global terrestrial data sets renders large-scale validation of the AMIP Il continental
simulations a problematical endeavor. Nonethel ess, these data deficiencies are gradually being ameliorated as initiatives such as
the Global Precipitation Climatology Project (GPCP) and the International Satellite Land-Surface Climatology Project (1SLSCP)
construct consistent global data sets by merging in-situ observations with satellite-derived products. However, such merged global
data sets are not yet available for many land-surface processes of interest (e.g. the latent and sensible heat fluxes). In such cases,
the only available global validation references are model-derived products such as climate reanalyses or off-line simulations of
particular LSSs that are driven by estimated observational forcings.

We therefore want to compare the AMIP I land-surface simulations against a variety of available validation data sets (cited in
Section 3), since current observational uncertainties are large, and likely to remain so for sometime. That is, we wish to assess
whether or not the "average simulation” (i.e. the centroid of the ensemble of AMIP simulations) lies within the envelope of

current observational estimates of aland-surface process. Thus, we seek to quantify the goodness-of-fit of the average AMIP land-
surface simulation with the chosen reference data sets by means of appropriate statistical metrics (see Section 4). The amount of
inter-model scatter about this average simulation aso is pertinent, since it implies how sensitive the simulations of the continental
process are to model representations of atmospheric forcings and/or |and-surface responses.

In such coupled land-atmosphere simulations, of course, we cannot cleanly separate “forcings' from "responses’, and so we are not
able to validate the L SSs per se. Nonetheless, thereisreason to expect that the "signature” of a land-surface scheme should be
detectable in such coupled simulations (e.g. Gedney et al. 2000). Inthe longer run, therefore, we want to evaluate the
performance of an individual AMIP Il model insofar as this may be attributable to the complexities of its LSS parameterizations.
Hence, our ultimate goal isto formulate hypotheses on the impacts on model performance of including LSS parameterizations of
different complexitiesin AGCMs. These hypotheses then could be tested in future sensitivity experiments where the continental
state is subject to more control than is practical in the AMIP intercomparison.

3. Selected Processes and Reference Data

For this preliminary model validation, we focus on four land-surface processes: precipitation, surface (two-meter) air temperature,
and the terrestrial latent and sensible heat fluxes. Thefirst two of these are atmospheric prognostics that influence the land-surface
moisture and energy budgets. Likewise, the turbulent fluxes exemplify key land-atmosphere interactions that are presumed to be
especialy sensitive to LSS parameterizations. For each of these processes, we choose a validation reference, but also consider
several aternative validation data sets for comparison in Table 2.

Table 2: For selected land-surface processes, the chosen validation reference is listed, aswell as
aternative validation data sets. These monthly mean data all overlap for the period 1979-1993.

L and-sur face Process
(AMIP acronym)

Reference Data Set Alter native Validation Data

Sfc. air temperature (tas)  |Jones et al. 1999

ERA15, NCEP/NCAR, NCEP/DOE

Climate Prediction Center Merged
L Global Precipitation Analysis of Precipitation (CMAP)
Precipitation rate (pr) Climatology Project(GPCP)
\VIC precipitation forcing,

ERA15, NCEP/NCAR,NCEP/DOE
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Latent heat flux (hfls) VIC off-line smulation ERA15, NCEPINCAR, NCEP/DOE

Sensible heat flux (hfss) ERA15 reanalysis

NCEP/NCAR, NCEP/DOE

The choices of validation reference data reflect our preference for in-situ terrestrial observations (e.g. Jones et al. 1999) or merged
in situ/satellite observations (e.g. GPCP precipitation). Because comparable merged data sets are presently unavailable for the
turbulent fluxes, we have resorted to using model-derived products as validation references. For example, we have selected a 1979-
1993 global simulation by the Variable Infiltration Capacity (VIC) scheme (Nijssen et al. 2001) as reference data for land-surface
latent heat flux. Observed precipitation station data (interpolated to a 2x2-degree grid) were used for off-line forcing of the VIC
scheme, and its routed climatological runoff was calibrated to be in rough agreement with continental-scale observations. Thus,
there is reason to prefer this estimate of land-surface latent heat flux over those of the reanalyses, which rely only on simulated
precipitation forcings and reflect other biases, for example those introduced by soil moisture nudging.

No aternatives to the reanalyses estimates of land-surface sensible heat flux were available, however. The VIC off-line

simulation, for example, computed the latent heat flux from the Penman-M onteithequation, and did not provide atime series of
sensible heat flux. Hence, we arbitrarily chose the ERA 15 sensible heat flux as the validation reference in this case. (In future

validation work, however, we plan to compare the AMIP |1 simulations against other estimates of global turbulent fluxes that are
becoming more available. The latter include, for example, a 10+ year data set to be produced by the | SL SCP satellite initiative

mentioned by Hall et al. 2001, as well as other synthetic global data sets generated from selected land-surface schemes that are
driven off-line by observational forcings, such asthose described by Dirmeyer et a. 1999, Dirmeyer and Tan 2001, and Houser et
al. 2001.)

The reanalyses also supply many of the aternative validation data sets of Table 2 for estimating current observational

uncertainties. In the case of precipitation, though, other alternatives besides the reanalyses are available. TheseincludetheVIC
precipitation forcings mentioned above and the Climate Prediction Center Merged Analysis of Precipitation (CMAP) data set

which, like the GPCP , consists of merged gauge and satellite estimates (see Gruber et al. 2000 for a detailed comparison).

The data sets of Table 2 consist of time series of monthly mean data that overlap for the years 1979-1993, a substantial portion of
the AMIP Il simulation period (1979-1995). In all cases, evaluations of the selected AMIP Il models simulations of these land-

surface processes were limited to this 1979-1993 period and were interpolated to the same grids as the validation reference. For
consistency, the same temporal/spatial constraints also were imposed on the alternative validation data sets, since we wish to use
their goodness-of-fit to the reference data as estimates of current observational uncertainties in the selected land-surface processes.
4. Validation Metrics and Displays. Examples

In this section, we elaborate on our chosen validation metrics and associated displays, and illustrate how these are applied to the
land-surface temperature fields simulated by the AMIP Il modelsof Tablel.

4.1 RMSError and Components

Large-scale model validation involves, in essence, an estimation of the average spatio-temporal "distance" between a given
simulation of a spatio-temporal surface process Pg(i,j,k) and that of the reference surface process P(ij k). Thisis often expressed
as aroot-mean-sguare statistic

E ={Z[Ps(i,j.K) - P (i,j,k)]2} 2

Here (i,j,k) denotes, respectively, the longitude, |atitude, and time coordinates of each data point, and X, signifies a summation
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over the product N = QT of the total number of space samples Q and time samples T, with suitable weighting by fractional area
and time slice, for example

w ~ cos(j){ N*Zj[cos(j)]}

for data points that are uniformly distributed in time. We will commonly refer to E as the total RMSerror in amodel simulation
of land-surface process P ; however, given the large uncertainties in the currently available validation data (Table 2), E perhaps
instead should be regarded as simply the total RMS difference between the model simulation and the reference data.
For model validation, it is also useful to distinguish the components of E associated with differences in the spatio-temporal means
("bias error") versus spatio-temporal structures ("pattern error"). From this perspective, the ssmulated and reference processes can
be decomposed into their respective spatio-temporal means and associated departures:

Pij.k) = <Ps> + Ps(ij.k)

and

PI’(I 7j lk) =< Pr >+ Prl(i 1j 1k)

Then the bias error is defined as
<BE> =<Py>-<Ph>
and the pattern error as
E'={Zy[Ps(ij.k) -P(ij,k)]2} 2
It follows that the total mean-square error E2 is expressed by the quadratic sum of these bias and pattern errors:
E2 =<E 2s + E' 2

To alow consistent comparison of RM S errors across many models and/or processes that exhibit different natural variabilities, it is
also advantageous to derive a normalized RM S error E,, by dividing the mean-square error by the spatio-temporal variance o,2 of
the reference process:

E, = [E%0, 412
where

0,2 = 2y, [Pr(i.].K)]2

This, in turn, defines normalized bias and pattern errors < E,, > and E;' :

En:{< E>2/0'r2+ EI2/0r2}1/2:{< En>2+ Enlz}:uz

4.2 Portrait Diagrams

Our model evaluation tasks include not only the calculation of appropriate large-scale validation metrics, but also their concise
depiction for the many simulations and processes of interest. Both these needs are addressed by software devel oped by PCM DI
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staff members, which DSP 12 has previously applied in amore limited way to the AMIP | continental simulations (Phillips et al.
2000).

For example, asimulation's performance relative to chosen validation reference data can be conveyed by color-coded illustrations
of thetotal normalized RMS error E,,. Consider Figure 1, a"portrait diagram" of total RMS error in two-meter land-surface air

temperature for the selected AMIP 11 simulations and for the ERA 15, NCEP1 (shorthand for NCEP/NCAR), and NCEP2
(shorthand for NCEP/DOE) reanalyses, where the reference isthe Jones et al. (1999) data set. The total RM S errors are generally

small (asindicated by the preponderance of bluish squares) when computed over al land surfaces and seasons (i.e. the top row of
this portrait diagram), but are considerably larger (asindicated by the reddish squares) when computed over only tropical sectorsin
DJF, and to alesser extent in JJA.

Figure 1: Portrait of total normalized RMS error E,, in two-meter land-surface air temperature tas for
selected AMIP I models and for ERA15, NCEP/NCAR (denoted 'NCEPL'), and NCEP/DOE (denoted
'NCEP2') reanalyses relative to Jones et al. 1999 reference data for the period 1979-1993. (Note, the
display software has placed results for the cnrm-00a model in the second column, between those for
the ERA15 and NCEP1 reanalyses, and apart from those of the other nine models.) The magnitudes of
the E,, areindicated by color coding, with bluish squares indicating relatively small RMS errors and
reddish squares relatively large ones. Results are shown for aggregation over all land surfaces and
seasons (first row of the portrait diagram), when disaggregated by season (December- January-
February: DJF, March - April - May: MAM, June - July - August: JJA, and September - October -
November: SON), and when, for the DJF and JJA seasons, disaggregated spatially in tropical (20 Sto
20 N) and extratropical (20 N to 90 N and 20 Sto 90 S) sectors.
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The bias and pattern components of this normalized total error are smilarly illustrated by the portrait diagrams of Figure 2 and
Figure 3, respectively. These error components are relatively small when they are computed over al land surfaces and seasons
(top row of each portrait diagram), but are considerably larger for particular seasons and/or sectors, such as for tropical latitudesin
DJF (asisthe case also for the total normalized RMS error in Figure 1). It is also apparent, however, that the generally large total
errorsin the DJF tropical sector are more commonly due to pattern errors (Figure 3) than to bias errors (Figure 2), although the
latter are also substantial in a number of the simulations and reanalyses.

Figure 2: Asin Figure 1, except for the bias component < E,, > of the total normalized RMS error E,.
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Figure 3: Asin Figure 1, except for the pattern component E,,' of the total normalized RMS error E,,.
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4.3 Taylor Diagrams

Another useful validation metric is the spatio-temporal correlation R between simulated and reference data, defined as
R=%,[Ps P']/[oo]
where o and o, are spatio-temporal standard deviations of the ssimulated and reference data given by
05 = {2y [Ps(i.,j, K12 V2

and
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o, = {Zy [P/ (i.j.K)] %2

Taylor (2001) has shown that the mean-square pattern error E2 isrelated to the quantities R, o, and o, by
E'2=0,2+04- 20,0,R
This corresponds to a law-of-cosines relationship
c2 = & + b2 - 2abcos(y)

wherea= o, and b = o arethe sides of atriangle that include angle y = cos'1(R), while c = E ' is the length of the side opposite
angley. This relationship also can be expressed in terms of the normalized mean-square pattern error E,' 2 = E'2/0,2:

E, 2= 1+ (05909 - 2(cJoR

Taylor depicts the corresponding geometry in a polar plot that decomposes the normalized RM S pattern error E,,' into amplitude
and phase errors. An example of such a Taylor diagram is shown in Figure 4 for the land-surface air temperature simulated by
each AMIP Il model or estimated by each reanalysis, relative to the Jones et a. (1999) reference data (labeled 'JONES). Here, the
respective E,,' statistics are aggregated over all land areas and seasons. The magnitude of E,,' for agiven simulation/reanalysisis
conveyed by itslinear displacement from the 'JONES reference point in Figure 4. That part of E,,' associated with amplitude
error, expressed as[(0s - 0, )/0,], isindicated in this polar plot by the radial displacement from the dashed-line quarter circle. That
part of E,, associated with phase error is indicated by the azimuthal displacement from the 'JONES reference point, which is

scaled proportional to the cosine of the spatio-temporal correlation R. (The equivalence of this azimuthal displacement to phase
error isonly strictly true, however, when both the model and reference data exhibit a single simple harmonic pattern, but with
relative offsetsin phase.)

From Figure 4, it is apparent there are scant differences among the globally and seasonally aggregated values of E,,' for the

simulations or reanalyses. they are al highly correlated (R ~ 0.98) and their variability amplitudes also closely approximate that of
the reference data (i.e. they all fall near the dashed-line quarter circle that passes through the 'JONES reference point).

Figure 4: Taylor diagram of normalized RMS pattern errors E,,' in two-meter land-surface air temperature for
selected AMIP || models (labeled according to the model version acronyms of Table 1) and for ERA15, NCEP/
NCAR, and NCEP/DOE reanalyses relative to Jones et al. 1999 reference data for the period 1979-1993. (The
errors are aggregated over all land surfaces and seasons.) For each simulation/reanalysis, the magnitude of E;
isindicated by the linear displacement from the 'JONES reference point, and E, ' is decomposed as well into
amplitude and phase errors. That part of E,,' due to amplitude error isindicated by the radial displacement from

the dashed-line quarter circle with radius 1, where pointsinterior to the quarter circle denote amplitudes of
spatio-temporal variability smaller than that of the reference data, while exterior points denote larger
amplitudes. That part of E,,' due to pattern error is indicated by the azimuthal displacement from the ' JONES

reference point, which is scaled proportional to the cosine of the spatio-temporal correlation R of each
simulation/reanalysis with the reference data.
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The structure of spatio-temporal subcomponents of the normalized RM S pattern error E,,' of surface air temperature can be
displayed in similar fashion (Figure 5), e.g. for the problematical DJF tropical case in the portrait diagram of Figure 3. Compared
with Figure 4, there are considerably larger normalized pattern errorsin the model simulations and reanayses (the latter being
labeled as'ERA' for ERA15, 'NR1' for NCEP/NCAR, and ‘'NR2' for NCEP/DOE reanalyses), as manifested by their greater
distances from the 'JONES reference point. These larger pattern errors, in turn, are associated with substantially larger amplitude
and phase errors than are seen in Figure 4.

In Figure 5, the reanalyses show marginally lower pattern errors than do the model simulations. However, except for the NCEP/

NCAR (NR1) reanalysis, the amplitudes of spatio-temporal variability al exceed the reference value (i.e. they lie outside the
dashed-line quarter circle). The scatter in magnitudes of pattern errors among the simulations/reanalyses thus are due mainly to
differencesin their respective phase errors.

Figure 5: Asin Figure 4, except displaying the structure of the normalized pattern error E
computed only over the DJF season and only in the tropical latitude sector 20 Sto 20 N.
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5. Additional Validation Results

5.1 Land-surface Precipitation

The normalized total RM S errorsin land-surface precipitation relative to the GPCP reference data areillustrated by the portrait
diagram of Figure 6. The globally aggregated spatio-temporal variability of the CMAP and VIC aternative precipitation data sets
are seen to agree closely with the reference, as manifested by low normalized total RMS error E,, when aggregated over all seasons/

latitude sectors. The total errorsin the reanalyses' precipitation are substantially larger, and are greater still in the model
simulations, especially in selected seasong/latitudes (e.g. in tropical and Northern extratropical latitudes in JJA). Considerable inter-

model differencesin performance are also evident, however.
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Figure 6: Asin Figure 1, except for land-surface precipitation pr relative to the GPCP reference data.
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Overal, these normalized total errorsin precipitation are due mostly to pattern errors, which are exhibited to varying degrees by
individual simulations/reanalyses, and depend as well on season and latitude sector (Figure 7). For example, the pattern errorsin
some model simulations are greatest in JJA, especially in the Northern Hemisphere.

Figure 7: Asin Figure 3, except for land-surface precipitation pr relative to the GPCP reference data.
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The Taylor diagram of Figure 8 shows the amplitude and phase components of these pattern errors, when aggregated over all
seasons and latitude sectors (as in the top row of the portrait diagram of Figure 7). Both the amplitude and phase errorsin land-
surface precipitation are generally much greater than the comparable errorsin land-surface air temperature (Figure 4). Note also
that the precipitation errors in the reanalyses, as well asin many of the model simulations, are due to excessive amplitudes of
variability relative to the GPCP reference; however, the phase errors in the NCEP reanalyses are marginally less than in the
majority of the models. On the other hand, the amplitude and phase errors of the VIC and CMAP alternative validation data
relative to the GPCP reference are qualitatively less than any of the reanalyses.

Figure 8: Asin Figure 4, except for land-surface precipitation pr relative to the GPCP reference data.
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The VIC and CMAP dternative validation data continue to exhibit low amplitude and phase errors when decomposing the pattern
errorsin particular seasons and latitude sectors (e.g. in the Northern extratropicsin JJA, asin Figure 9). Again, the phase errors of
the reanalyses' estimates of land-surface precipitation are lower than those of most of the models, although the amplitude errors of
the NCEP reanalyses remain sizeable. There also is greater inter-model variation in phase error than was the case for the globally

and seasonally aggregated statistics of Figure 8.

Figure 9: Asin Figure 8, except displaying the structure of the normalized pattern error E,, computed only over

the JJA season and only in the Northern extratropical latitude sector 20 N to 90 N.
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5.2 Land-surface Latent Heat Flux

Relative to the VIC reference data, the normalized total RM S errorsin the surface latent heat flux are sizeable (~0.4-0.8) when
aggregated over al land and seasons (see top row of portrait diagram in Figure 10), but they are much larger (up to ~ 2) in the
extratropics of the winter hemisphere, especially for DJF in the Northern Hemisphere. The latter |atitude/seasonal -specific
characteristics are seen in the total error of the reanalyses in addition to most of the AMIP simulations.

Figure 10: Asin Figure 1, except for land-surface latent heat hflsrelative to the VIC reference data.
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In these seasong/latitudes, pattern errors and bias errors are both sizeable, but the former are somewhat larger (up to ~1.8--see
Figure 11) for both the reanalyses and the majority of model simulations.

Figure 11: Asin Figure 3, except for land-surface latent heat hfls relative to the VIC reference data.
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The Taylor diagram decomposition of pattern errors aggregated over all land/seasons (Figure 12) indicates that the average
simulation has about the same amplitude as the VIC reference, with relatively high correlation R ~ 0.8-0.9.

Figure 12: Asin Figure 4, except for land-surface latent heat flux relative to the VIC reference data. (Note,
theradial scale of the plot is extended farther than necessary for consistency with that of Figure 13.)
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However, the Taylor diagram of pattern errorsin DJF Northern extratropics (Figure 13) indicates general overprediction of
amplitude with very large inter-model scatter, and generally large phase errors (correlations reduced to ~ 0.5-0.7); moreover, in
both these respects, the reanalyses yield results similar to the model simulations. From comparison of individual model/reanalysis
maps with the VIC reference in DJF Northern extratropics (not shown), these large pattern errors appear to be related mainly to

differencesin observed (asin the VIC forcing) vs. simulated snow cover.

Figure 13: Asin Figure 12, except displaying the structure of the normalized pattern error E,;' computed only
over the DJF season and only in the Northern extratropical latitude sector 20 N to 90 N.
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5.3 Land-surface Sensible Heat Flux

In the case of land-surface sensible heat flux, we had no alternative validation data to the reanalyses (see Table 2 and related
comments), so the ERA 15 data set was arbitrarily chosen as the reference. Relative to the ERA15 reference, the model
simulations of land-surface sensible heat flux show sizable (~ 0.6-1.0) normalized total RM S errors, even when aggregated over all
land/seasons (see top row of the portrait diagram in Figure 14). These errors are generally greatest (~1.2-1.8) in the Northern
extratropics during JJA, but are also substantial in tropical latitudes during both JJA and DJF. Both NCEP reanayses also show
comparably large total errorsrelative to the ERA15 reference.

Figure 14: Asin Figure 1, except for land-surface sensible heat flux hfssrelative to the ERA15 reanalysis. Note
that results for the alternative NCEP1 and NCEP2 reanalyses are interspersed with those of the ten models.
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These normalized total errors are found to be due more to pattern errors (Figure 15) than to bias errors (not shown).

Figure 15: Asin Figure 3, except for land-surface sensible heat flux hfssrelative to the ERA15 reanalysis.
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The Taylor diagram decomposition of these pattern errors, when aggregated over all land areas/seasons (Figure 16), indicates a
greater range in amplitude errors (range of amplitude ratios ~ 0.9-1.3) than phase errors (correlations ~ 0.7-0.8 in all instances). In
particular, both NCEP reanalyses show comparatively large variability amplitudes relative to both the ERA 15 reference and to
most of the model simulations; however, the NCEP reanalyses correlate marginally better with the ERA 15 reference than do the

majority of the model simulations.

Figure 16: Asin Figure 4, except for land-surface sensible heat flux relative to the ERA 15 reanalysis.
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The Taylor diagram of pattern errors, when limited to the problematical simulations of the JJA Northern extratropics (Figure 17),
indicates considerably larger phase errors (correlations reduced to ~ 0.4-0.6) and even greater amplitude errors (range of amplitude
ratios ~ 0.9-1.8) than the all-land/all-seasons results (Figure 16). In Figure 17, both of the NCEP reanalyses also again show
relatively large amplitude errors relative to the ERA 15 reference, with correlations that are not substantially different than those of
the model simulations.

Figure 17: Asin Figure 16, except displaying the structure of the normalized pattern error E,, computed only over
the JJA season and only in the Northern extratropical latitude sector 20 N to 90 N.
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6. Summary

Salient features of this preliminary large-scale model validation are summarized as follows:

. The AMIP Il simulations of land-surface air temperature are in generally good agreement with the Jones et al.(1999)

reference data--perhaps to be expected when the same estimates of observed SSTs are prescribed, asin this AMIP |1 model

intercomparison. When calculations of error statistics are restricted to selected seasong/latitude sectors, however, the
simulated results fall somewhat outside the observational uncertainties bracketed by the reference data and various

reanalyses.

. Relative to the GPCP reference data and similar merged in-situ/satellite estimates of precipitation, the selected AMIP 11

models collectively show substantial errorsin both amplitude and phase, even for the greatest degree of aggregation. There

is, however, considerable inter-model scatter in these statistics. Also, while the variability structures of the reanalyses

precipitation estimates are marginally in better agreement with that of the reference data, they resemble more the variability

of the average AMIP |l simulation.

. Relativeto the VIC-derived estimates of land-surface latent heat flux (from observational forcings), the selected AMIP 11
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simulations do not show avery large range in amplitude or phase errors when calculations are aggregated over all seasons
and land areas. However, the inter-model scatter in simulation errorsis much greater (especially in amplitude) when
attention is restricted to the winter extratropics, probably due mainly to differences in ssmulated snow cover. Again, the
variability structures of the reanalyses’ estimates of latent heat flux resemble that of the average AMIP Il simulation more
than the reference data.

. The AMIP Il simulations show substantial RM S errors in land-surface sensible heat flux relative to the ERA15 reference,
with amplitude errors predominating. Nevertheless, the model simulations appear to fall within large existing uncertainties
in land-surface sensible heat flux, as estimated from RM S differences among the ERA 15 and the two NCEP reanal yses.
Thus, it isimportant to include alternative estimates of turbulent fluxes that now are becoming more available.

The tendency for inter-model differences in the large-scale smulation of various land-surface processes to be more sharply
highlighted when attention is restricted to particular seasons and/or latitude sectors confirms the need for detailed analysis of the
land-surface simulations at finer scales, work which isalso in progress (e.g. see lrannejad et al. 2000, 2001).

We also note that, thus far, the large-scale validation statistics do not seem to stratify in an obvious way according to models which
employ abucket scheme versus those with more complex SVAT schemes. However, because only a single example of a bucket
scheme, is presently represented in our analysis (i.e. only model ccsr-98a), this provisional result will bear watching as we
incorporate more AMIP || models with a still broader spectrum of LSS complexities.

Accessto other in-progresswork by DSP 12: http://www-pcmdi.lInl.gov/pilps3/inprogr essindex.html
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