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1. Introduction 
A number of recent studies of the potential predictability of seasonal climate have utilized AGCM 

ensemble integrations-Le., experiments where the atmospheric model is driven by the same ocean 
boundary conditions and radiative forcings, but is started from different initial states. However, only a 
few variables of direct relevance to the climate of the land surface (the key locus of human interaction 
with climate) have been examined. In this study, we infer the potential predictability of 11 climate vari- 
ables that are indicative of the energetics, dynamics, and hydrology of the land surface (see first column 
of the Table). 

We used a T42L19 ECMWF (cycle 36) AGCM having a land-surface scheme with prognostic 
temperature, and moisture of 2 layers occupying the topmost 0.50 meters of soil, but with monthly cli- 
matological values of these fields prescribed below. Six model realizations of decadal climate (for the 
period 1979-1988) were considered. In each experiment, the SSTs and sea ice extents were those spec- 
ified for the Atmospheric Model IntercomparisonProject (AMP), and some radiative parameters were 
prescribed as well (i.e., solar constant = 1365 W m-2; global C02 concentration = 345 ppm). However, 
the initial conditions of the model atmosphere and land surface were different: the first two simulations 
were initialized fromECMWF analyses, while the initial states of subsequent realizations were assigned 
values that were the same as those at the last time step of the preceding integration. 

' 

2. Methodology 
The potential predictability of seasonal climate is often expressed a ratio of temporal variances: 

.Here c? is that part of the total temporal variance cT2 that is attributable to the (unpredictable) 
internal variability of the climate, which can be estimated fiom an ensemble of model realizations 
which vary'only in initial conditions. Instead, we inferred the potential predictability qf land- 
surface variables by different measures that more fully utilized the spatio-temporal information 
available from 6 model realizations. Moreover, because our statistical measures were based on cor- 
relations between independent pairs of these realizations, the ensemble size was effectively 
expanded from n = 6 to N =15 (Le., n!/[2!(n-2)!]) members. 

Because the potential predictability of seasonal climate implies the ability to forecast inter- 
annual variability, we analyzed the individual seasonal anomaly departures A(x,y,t) of each land- 
surface variable from the 10-year climatological seasonal cycle--i.e., a time series of - 40 anomaly 
departure maps A(x,y). Our statistical measures included 

Zero-la temporal correlations r x,y) computed at each land grid poht (x,y) between pairs of 

Pattern correlations s(t) computed on land points at each time point t for the same anomaly pairs 
Global measure R, an area-weighted spatial average of r(x,y) over all (-2700) land points (x,y) 

' 

anom aH y hme senes A(x,y,t) of fik e land-surface vmables 



Global measure S, a time average of s(t) over all (- 40) time points t 

Root-mean-square (RMS) global measure RS = [(R2 + S2)/2]”2 

For each of these measures, an ensemble mean p and intraensemble spread 6 were computed from 
N = 15 samples. 

Because all these statistics are measures of temporal or spatial similarity among the seasonal 
anomalies of the different realizations of climate, they are inversely related to the unpredictable in- 
ternal variability of the model. It can thus be assumed that the larger the value of the ensemble 
’mean p of a correlation statistic, and the smaller its intraensemble spread 6, the greater is the 
associated potential predictability of the seasonal anomalies of the variable. (The inherent weak- 
ness of these statistics is that they are measures only of the similarity in temporal or spatial phase 
among the realizations. Howekr, we also examined amplitude-sensitive measures of potential pre- 
dictability such as the variance ratio in the first equation of this section. These results, which 
present a somewhat brighter picture of the potential predictability of a few land-surface variables 
in certain seasons, will be reported in a future paper.) 

3. Results 
Maps of p and 6 of temporal correlations r(x,y) reveal that seasonal continental climate is 

much more predictable in the tropics--notably over Ammonia, Equatorial Africa, Southern Asia, 
and Northern Australia (e.g., see maps of Figure 1 for mean sea-level pressure--MSLP). Over 
extratropical continents, the correlations are mostly c 0.5 for all 11 variables, and some (e.g., 
surface evaporation, sensible heat flux, and wind stresses) show substantial areas of temporal 
anticorrelation (not shown). These results imply that in the extratropics no one model realization 
can accurately predict the anomalies of a particular season; however, averaging over an ensem- 
ble of realizations can substantially increase the probability of obtaining accurate extratropical 
seasonal forecasts (Palmer and Anderson 1994, Barnett 1995). 

Even in the tropics, there is a considerable range of potential predictability among the 
model’s land-surface variables. For example, tropical MSLP shows broad areas of temporal corre- 
lations > 0.5 (Figure l), while correlations of surface evaporation are this high in only a few scat- 
tered equatorial regions (not shown). (Correlations > 0.5 indicate a practically significant 
predictability that would be of potential social value. It should be noted, however, that an 
ensemble-mean correlation of 0.5 implies that only 25 %-of the interannual variance of a seasonal 
land-surface variable in a given realization is explained, on average, by another realization.) 

The time series of p and 6 for the pattern correlation s(t) of the 11 land-surface variables 
reveals quite different phenomena. In this case, MSLP exhibits numerous instances of negative- 
valued ensemble-mean s(t) and generally large intraensemble spread 6 (not shown), while the 
surface evaporation shows substantially more coherence (Figure 2). There is also an obvious en- 
hancement .of the ensemble-mean pattern correlations of surface evaporation in seasons immedi- 
ately following the onset of El Niiio and La Niiia events (e.g. 1982/83, 1984/85, 1986/87). The 
ENS0 signal is present in the pattern correlations of seasonal anomalies of all the other land-sur- 
face variables, suggesting that continental seasonal climate is generally more predictable at such 
times. 

The potential predictability of different land-surface variables ranges rather widely in a global 
sense as well (see Table). The model’s soil moisture, MSLP, and surface air temperature are most 
predictable overall, while the surface fluxes of momentum, sensible heat, and moisture are the least 
predictable. The hydrological variables and those related to the radiation and temperature at the 
ground show intermediate levels of global potential predictability. 
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Figure 1: Maps of ensemble mean p (top) and intt-densemble spread 6 (bottom) of -lag temporal correlations r(x,y) between 
15 pairwiseselected realizations of seasonal anomalies of continental mean sea-level pressure (MSLP). Note that darker shad- 
ing in both panels indicates regions where MSLP is likely to be most predictable in a temporal sense (i.e., areas with relatively 
high ensemblemean correlations and low intraensemble spread). 
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Figure 2: Time series of ensemble mean p (solid line) and intraensemble spread 6 (dashed line) of pattern correlations s(t) 
between 15 pairwise-selected realizations of seasonal anomalies of continental surface evaporation. 



Table: Global measures of the potential predictability of seasonal anomalies of 11 land-surface variables. The variables 
are ranked in order of the magnitude of the ensemble-mean rms global measure RS = [<R2 + S2)/2]'", where R is an 
area-weighted average of temporal correlations r(x,y) and S is a time average of pattern correlations s(t). 

Variable 

Soil Moisture 
Mean Sea-Level Pressure (MSLP) 
Surface Air Temperature 
Precipitation 
Surface Net SW Radiation 

' Surface Net LW Radiation 
Ground Temperature 
Surface U-Wind Stress 
Surface Evaporation 
Surface Sensible Heat Flux 
Surface V-Wind Stress 

Rs 

0.220 
0.216 
0.216 
0.198 
0.195 
0.192 
0.189 
0.177 
0.176 
0.172 
0.155 

R 

0.203 
0.292 
0.266 
0.145 
0.205 
0.203 
0.241 
0.21 1 
0.143 . 
0.153 
0.187 

S 

0.236 
0.090 

* 0.150 
0.239 
0.184 
0.182 
0.116 
0.133 
0.203 
0.188 
0.113 

It is likely that the relatively slow spatio-temporal variation of the model's soil moisture con- 
tributes to its higher global potential predictability. The apparent absence of a strong connection be- 
tween the potential predictability of the model's seasonal anomalies of soil moisture and surface 
evaporation is probably due to the role that the simulated vegetation canopy plays in regulating evap- 
oration. Moisture intercepted by the canopy evaporates directly to the. atmosphere, while evapotrans- 
piration of soil moisture is inhibited during times of vegetation stress, such as dry climatic conditions. 

' 

From the Table, it can be seen that the S values of seasonal anomalies of soil moisture, precip- 
itation, evaporation, and sensible heat flux are higher than those of MSLP and surface air tempera- 
ture, while the R values of the latter variables are,higher than those of the former. This behavior 
appears to be related to differences in the characteristic spatial scales of the seasonal anomalies of 
different variables. For example, in different model realizations it is not unusual for MSLP anom- 
alies in a particular season to be of opposite signs on a continental scale, thereby yielding low val- 
ues of s(t), and a low S value overall. The seasonal land-surface evaporation anomalies are 
generally of much smaller scale, so oppositely signed anomalies impact the pattern correlations 
much less. On the other hand, the temporal variation of the surface evaporation anomalies is more 
rapid (noisy) than that of the MSLP anomalies, so the R value of the latter is higher. 

Some land-surface variables (e.g. MSLP, surface air temperature, precipitation, ground temper- 
ature, surface u-wind stress, surface evaporation) exhibit a pronounced asymmetry in their R and S 
values. We caution that this property may be merely an artifact of different sample sizes. That is, R 
is obtained by averaging r(x,y) over - 2700 land points (x,y), while S represents an average of s(t) 
over only - 40 time points. 
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