
                

 
SPECS (308378) D42.1                                                                                                                                      - 1 - 

 
 
 
 
 
 
 
Date: 29/02/2016

 

 

 

 

 

 

 

 
 
 

THEME  ENV.2012.6.1-1 
 

G.A. no 308378 
 

WP 4.2 Impact of improved climate-vegetation 
representation and boundary and mixed layer vertical 

resolution  

Deliverable 42.1 

 



                

 
SPECS (308378) D42.1                                                                                                                                      - 2 - 

 
 

Deliverable Title 
Impact of the changes in land-surface schemes in terms of 
forecast quality 

WP number and title 
4.2 Impact of improved climate-vegetation representation and 
boundary and mixed layer vertical resolution 

Lead Beneficiary ECMWF 

Contributors 
  

Damien Decremer ECMWF 

Emanuel Dutra ECMWF 

Timothy Stockdale ECMWF 

Twan Van Noije KNMI 

Bart Van Den Hurk KNMI 

Chloé Prodhomme IC3 

Virginie Guemas IC3 

Omar Bellprat IC3 

Francisco J. Doblas-Reyes IC3 

Andrea Alessandri ENEA 

Franco Catalano ENEA 

Creation Date 15/12/2015 Version number 6 

Deliverable Due Date 29/02/2016 
Actual Delivery 
Date 

29/02/2016 

Nature of deliverable 

R R - Report 

 P - Prototype 

 D - Demonstrator 

 O - Other 

Dissemination Level/ 
Audience 

 PP - Public 

 
PU - Restricted to other programme participants, 
including the Commission services 

RE 
RE - Restricted to a group specified by the consortium, 
including the Commission services 

 
CO - Confidential, only for members of the consortium, 
including the Commission services 

 
 
 
 

Version  Date Modified by Comments 

 1  15/12/2015  D. Decremer Creation of Document 

 2  18/12/2015  T. Van Noije KNMI contribution 

 3  04/01/2016  C. Prodhomme IC3 contribution  

 4  21/01/2016 A. Alessandri ENEA contribution 

 5  02/02/2016  D. Decremer ECMWF contribution 

 6  29/02/2016  D. Decremer Added consortium corrections 



   

 

 
SPECS (308378) D42.1                                                                                                                                      - 3 - 

 

INDEX 

1. EXECUTIVE SUMMARY ---------------------------------------------------------------------------------- 4 

2. PROJECT OBJECTIVES --------------------------------------------------------------------------------- 5 

3. DETAILED REPORT ON THE DELIVERABLE ----------------------------------------------------- 6 

4. REFERENCES --------------------------------------------------------------------------------------------- 26 

5. LIST OF PUBLICATIONS ------------------------------------------------------------------------------- 27 

6. EFFORTS FOR THIS DELIVERABLE -------------------------------------------------------------- 28 

7. SUSTAINABILITY ----------------------------------------------------------------------------------------- 28 



   

 

 
SPECS (308378) D42.1                                                                                                                                      - 4 - 

1. Executive summary 

 

In preparation of the SPECS decadal predictability simulations, KNMI has set up and carried out a 
set of coupled simulations with EC-Earth. In these simulations, the dynamic vegetation model LPJ-
GUESS is driven by online meteorological fields from IFS, the atmospheric GCM of the model, and 
the leaf area index (LAI) fields for high and low  vegetation from LPJ-GUESS are used in IFS. 
Simulations have been carried out in this coupled configuration for the period 1960-2009. As a 
reference, a corresponding offline simulation was carried out in which the dynamic vegetation 
model was driven by meteorological fields from the Climate Research Unit (CRU).  

To explain the observed differences in the simulated LAI fields, the climatological behaviour of the 
main driving climatic variables in both simulations was compared. The analysis focused on biases 
in the simulated LAI fields and has helped to investigate the causes and consequences of the drift 
in the LAI in the decadal prediction simulations described by Weiss et al. (2014). In these 
simulations, LAI was initialized based on offline LPJ-Guess simulations. 

It was found that the coupled model generates more precipitation in North America, Australia and 
large parts of the Eurasian continent, including Northern Russia. In the surface temperature in 
North America, Australia, the Amazonian basin and parts of the Eurasian continent is reduced by 
up to a few degrees in both summer and winter. Finally, a strong drift in the LAI was generated by 
LPJ-Guess when forced with the EC-Earth climate. Various options to correct that drift were 
discussed, but KNMI concluded that it would not be feasible to develop a drift correction procedure 
that can be considered robust and peer-reviewable. For this reason, KNMI decided to refrain from 
further vegetation predictability experiments in the context of WP4.2 and move the associated 
resources to WP3.1, which focuses on soil moisture initialization. 

IC3 participated in ENEA’s contribution on the impact of the interactive vegetation in EC-Earth. 
More details are given below. In addition to this, IC3 performed a study of the sensitivity to the 
horizontal resolution in the GLACE2-type of study planned in WP3.1. IC3 tested the impact of 
initialising the land surface at two resolutions (T255-ORCA1 and T511-ORCA025) with EC-Earth3. 
The results of this work shows that a small positive impact of increasing the resolution on 
temperature skill is found over Europe. In addition, the realistic initialization of soil moisture also 
improves the skill over Europe, a result that is robust for the two resolutions tested here. However, 
the specific prediction of the 2003 heatwave does not seem to depend strongly on the quality of the 
soil initialization. Although this work was not planned in WP3.1 (initialisation) nor in WP4.1 (impact 
of horizontal resolution), it is a sensitivity study to the land-surface scheme (which is expected to 
behave differently with the resolution, in spite of not having dynamical groundwater), hence why it 
was chosen to include it in this deliverable. 

ENEA designed a modified version of HTESSEL which allows vegetation effective fractional 
coverage to change as a function of LAI for both low and high vegetation. This is an attempt to 
implement a more appropriate treatment of vegetation able to take into account the effects of 
vegetation cover variability. Practically, the method consists of introducing an exponential 
dependence of the vegetation densities on LAI. Two sets of historical simulations and 
retrospective predictions were performed using (i) standard (CTRL) and (ii) modified (MODIF) 
versions of the EC-Earth2.4 ESM. The MODIF version contains the modif ied HTESSEL.  
Results show that the MODIF experiments lead to an unprecedented enhancement of the EC-
Earth performance across scales over areas where the land-atmosphere coupling is strong. 
Particularly large effects are shown over boreal winter middle-to-high latitudes over Eastern 
Europe, Russia, eastern Siberia, Canada and West US due to the implemented time-varying 
shadowing effect by tree-vegetation on snow surfaces. For present-day simulations (1980-2010), 
the warm bias of EC-Earth in those regions is significantly improved. Predictability of T2m and 
precipitation is greatly increased, especially over transitional land-surface hot spots as the Sahel, 
North American Great Plains, Nordeste Brazil and South East Asia. The found improvements are 
also present at seasonal (up to one year) and decadal timescale (up to five years). This work 
showing for the first time an encouraging multi-scale enhancement of climate simulation and 
prediction due to increased model sensitivity to vegetation variability has been submitted for 
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publication to the peer-reviewed journal Climate Dynamics. A comprehensive assessment of the 
MODIF vs. CTRL seasonal forecast enhancements, in terms of probabilistic scores, will be further 
discussed in a paper currently under submission by Catalano et al. (2015).  

ECMWF investigated the effect of using realistic Leaf Area Index (LAI) fields on seasonal forecast 
performance for the summer, using 1999~2012 as reference period. The analysis consists of 
comparing the effects of climatological LAIs vs prescribed time-varying near-real-time LAIs when 
introduced in different parts of the forecast: 

- In a first series of experiments, the two types of LAIs were prescribed in both initial 
conditions (IC) and as forcing (F) during the forecast itself. 

- In a second series of experiments, the two types of LAI were only prescribed during the 
forecast itself. ICs for these experiments were kept fixed to climatological LAIs. 

Results indicate that using realistic LAI fields improves summer seasonal forecasts. The 
improvement is most visible in near-surface temperature and 500hPa geopotential height, but is 
inconclusive for precipitation. Results are also showing that the largest portion of the impact of 
realistic LAIs on forecasting skill comes from substituting the LAI fields during the forecast of arid to 
semi-arid regions, such as South-East North America, perhaps because LAI changes are most 
influential during the spring season, i.e. when the soil moisture content changes the most. For 
wetter areas such as Europe, it is necessary to substitute LAI in both the forecast forcing and initial 
conditions to be able to discern an impact on skill. Finally, it was also found that albedo fields must 
be matched with corresponding LAI fields in order to obtain consistent skill improvements. 

2. Project objectives 

With this deliverable, the project has contributed to the achievement of the following objectives 
(see DOW Section B.1.1.2): 

No. Objective  Yes No 

1.  To achieve an objective exhaustive evaluation of current forecast 
quality from dynamical, statistical, and consolidated systems to 
identify the factors limiting s2d predictive capability 
 

X  

2.  To test specific hypotheses for the improvement of s2d predictions, 
including novel mechanisms responsible for high-impact events 
using a process-based verification approach 
 

X  

3.  To develop innovative methods for a comprehensive forecast 
quality assessment, including the maximum skill currently 
attainable 
 

 X 

4.  To facilitate the integration of multidimensional observational data 
of the atmosphere-ocean-cryosphere-land system as sources of 
initial conditions, and to validate and calibrate climate predictions 
 

X  

5.  To achieve an improved forecast quality at regional scales by 
better initialising the different components, an increase in the 
spatial resolution of the global forecast systems and the 
introduction of important new process descriptions 

X  

6.  To assess the best alternatives to characterise and deal with the 
uncertainties in climate prediction from both dynamical and 
statistical perspectives for the increase of forecast reliability 
 

 X 

7.  To achieve reliable and accurate local-to-regional predictions via 
the combination and calibration of the information from different 
sources and a range of state-of-the-art regionalisation tools 
 

 X 
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No. Objective  Yes No 

8.  To illustrate the usefulness of the improvements for specific 
applications and develop methodologies to better communicate 
actionable climate information to policy-makers, stakeholders and 
the public through peer-reviewed publications, e-based 
dissemination tools, multi-media, examples for specific 
stakeholders (energy and agriculture), stakeholder surveys, 
conferences and targeted workshops 
 

 X 

9.  To support the European contributions to WMO research initiatives 
on s2d prediction such as the GFCS and enhance the European 
role on the provision of climate services according to WMO 
protocols by creating examples of improved tailored forecast-
based products for the GPCs and participating in their transfer to 
worldwide RCCs and NHMSs. 
 

 X 

 

3. Detailed report on the deliverable 

3.1. KNMI’s contribution 

In preparation of the SPECS decadal predictability simulations, KNMI has set up and carried out a 
set of coupled simulations with EC-Earth. In these simulations, the dynamic vegetation model LPJ-
GUESS is driven by online meteorological fields from IFS, the atmospheric GCM of the model, and 
the leaf area index (LAI) fields for high and low  vegetation from LPJ-GUESS are used in IFS. 
Simulations have been carried out in this coupled configuration for the period 1960-2009. As a 
reference, a corresponding offline simulation was carried out in which the dynamic vegetation 
model was driven by meteorological fields from the Climate Research Unit (CRU).  

To explain the observed differences in the simulated LAI fields, the climatological behaviour of the 
main driving climatic variables in both simulations was compared. The analysis focused on biases 
in the simulated LAI fields and has helped to investigate the causes and consequences of the drift 
in the LAI in the decadal prediction simulations described by Weiss et al. (2014). In these 
simulations, LAI was initialized based on offline LPJ-Guess simulations. 

Analysis of biases and drifts in LAI 

In the coupled configuration, LPJ-Guess is driven by shortwave radiation (to be precise 
photosynthetically active radiation, PAR), surface air temperature, total precipitation, and snow 
from IFS. The drift in the decadal prediction simulations of Weiss et al. is therefore caused by 
biases in these driving fields compared to the data sets used in the offline simulations, including 
temperature and precipitation from CRU TS2.1. 

To analyse these differences, we compared 30-year climatologies from the coupled EC-Earth 
simulation and the offline LPJ-Guess simulation for the period 1971-2000. Figure 1 shows the 
results for surface temperature, total precipitation, and PAR. 
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Figure 1. Differences in the 1971-2000 climatologies of surface temperature, total precipitation and PAR between the coupled EC-Earth 
simulation and the offline LPJ-Guess simulation for boreal winter (DJF) and summer (JJA). 

 

As stated in the paper by Weiss et al., LAI is more strongly correlated with precipitation than with 
temperature over most parts of the globe. The coupled model generates more precipitation in 
North America, Australia and large parts of the Eurasian continent, including Northern Russia. This 
results in a higher soil water content in these regions (see Figure 2). 

 

Figure 2. Differences in the 1971-2000 climatologies of the upper-layer soil water content between the coupled EC-Earth simulation and 
the offline LPJ-Guess simulation for boreal winter (DJF) and summer (JJA). 

 
Over the Amazonian region and the African tropics the model produces less precipitation that the CRU 
dataset, but in those regions the radiation seems to be the dominant factor for the LAI. The resulting 
differences in the LAI of high and low vegetation are shown in Figure 3. 
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Figure 3. Differences in the 1971-2000 climatologies of the LAI for high and low vegetation between the coupled EC-Earth simulation 
and the offline LPJ-Guess simulation for boreal winter (DJF) and summer (JJA). 

 
Climate response to biases in LAI 

To analyze the impacts of the LAI biases on the simulated climate we have applied a bias correction to the 
LAI of high and low vegetation based on the multi-decadal simulated mentioned above, and analyzed the 
response of the climate. Figure 4 shows the response in the climatologies of 2-m temperature and total 
precipitation. 
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Figure 4. Response in the 1971-2000 climatologies of the 2-m temperature and total precipitation to a bias correction of the LAI in 
coupled EC-Earth simulations for boreal winter (DJF) and summer (JJA). Regions where the response is insignificant at the 95% level 
compared to the interannual variability are stippled. 

 

We conclude from Fig. 4 that the high LAI values simulated in the coupled model tend to reduce 
the surface temperature in North America, Australia, the Amazonian basin and parts of the 
Eurasian continent by up to a few degrees in both summer and winter. The high LAI values also 
lead to somewhat higher precipitation over North America in summer and generally small 
differences over other continents. 

As explained above, a strong drift in the LAI was generated by LPJ-Guess when forced with the 
EC-Earth climate. Various options to correct that drift were discussed, but we concluded that it 
would not be feasible to develop a drift correction procedure that can be considered robust and 
peer-reviewable. For this reason, we decided to refrain from further vegetation predictability 
experiments in the context of WP4.2 and move the associated resources to WP3.1, which focuses 
on soil moisture initialization. 

 

3.2. IC3’s contribution 

Land-surface conditions play a key role in summer-time predominantly over semi-arid regions 
(Seneviratne et al., 2010). This is predominantly due the availability of soil moisture. It determines 
the surface radiative balance (Bellprat et al., 2013) but also affects boundary layer processes 
(Miralles et al., 2014) and local precipitation (Froidevaux et al., 2014; Taylor et al., 2012). Previous 
studies have shown that initialising the state of the land-surface thus improves the seasonal 
prediction of the summer climate over a variety of regions (Prodhomme et al., 2015). 

Here we present new model hindcasts that are initialised with the best available sets of land-
surface observations currently available to analyse the level of improvement that can be achieved. 
This result is further extended by increasing the horizontal resolution to see the simultaneous effect 
identified in the previous phase of the project. 

Four seasonal hindcasts using two different resolutions of the EC-Earth 3.1 coupled model, T255-
ORCA1 and T511-ORCA025, have been run. The land components of these simulations use two 
different soil initial conditions, the ERA-Land reanalysis and its climatology. These are the only two 
differences between the pairs of simulations, the initialization of all other components being 
identical for each resolution. The experiments allow us assessing both the role of the resolution 
and land-surface initialization on the forecast quality. 

The effect of the land-surface initialisation for the high-resolution configuration is illustrated in figure 
5. It shows the skill of summer air temperatures over Europe as numerous studies have highlighted 
the importance of land-surface coupling in this region (Seneviratne et al., 2010). Panel (a) shows 
the correlation coefficient in the experiment with climatological land-surface conditions, with 
positive skill over central Europe (stippling indicates statistically significant values), and low or even 
negative correlation values over other Scandinavia, Eastern and Southern Europe. The hindcast 
with realistic land-surface initialisation greatly improves the summer prediction skill showing that for 
large fraction of Europe a significant skill in seasonal summer prediction emerges. The difference 
of the two hindcasts is shown in panel (c), which highlights that land-surface conditions particularly 
improve the predictions for Southern and Eastern Europe but also for Scandinavia consistent with 
former studies on land-surface coupling over Europe (Bellprat et al., 2015). However, the skill over 
the British Isles deteriorates. 
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Figure 5: Correlation over land points for summer (JJA) averages between hindcast with (a) climatological land-surface 
initialisation and (b) realistic land-surface initialisation with the E-OBS 2m temperature observations. Panel (c) shows the 
difference of the two hindcasts whereas the stippled points show significant correlation or significant difference in 
correlation both at the 5% significance level. The hindcast are run at high horizontal resolution. 

 

The example shown has an impact of the land-surface initialization almost equivalent to that 
obtained when using the standard-resolution configuration of EC-Earth. Hence, the model 
resolution does not directly affect the mechanisms involved in benefiting from the land-surface 
initialization. However, other diagnostics confirm that increasing model resolution improves the 
general prediction skill of the model, such as for the prediction of the tropical Pacific temperatures. 

As soil moisture is known to be crucial in the development of heat waves (Prodhomme et al., 
2015), the 2003 heat wave has been studied with the help of those simulations. This is illustrated in 
figure 6, which shows how the 2003 heatwave is predicted in the four simulations and how it 
appears in the observations. Figure 6a displays the observed anomalies average in JJA 2003, with 
a strong heatwave over Western Europe. For the simulations, instead of displaying ensemble-
mean anomalies, which usually are seriously damped when compared to the reference, the 
forecast odds are estimated from the ensemble. The odds are the ratio between the probability for 
the anomalies to be in the upper quintile, the interquintile range or the lower quintile, and the 
climatological probability of these three categories (respectively 20, 60 and 20 %). Each point is 
attributed to the category corresponding to the highest odds ratio. If the point is attributed to the 
interquintile range or if there is no category assigned (the categories with two highest odds ratio 
have an equal value) the point is drawn in white. If the point is attributed to the lower/upper quintile 
category, the corresponding odds ratio is plotted with the left/right colour scale. The odds ratio is a 
useful way of representing the signal in a probabilistic way because it gives an estimate of how 
anomalous the probability of the event is (i.e. the number of times it can occur above its 
climatological frequency) independently of the baseline. 

Figure 6 allows visualizing how the hindcasts predict the extreme quintile categories for each point. 
This figure shows that all the simulation reproduce a warm summer over Europe. All the simulation 
simulates and heat wave over central Europe and Mediterranean region, instead of Western 
Europe. The most realistic pattern is obtained in the high-resolution configuration with the realistic 
initialization. However, in the low-resolution configuration of the model, the soil initialization seems 
to degrade the prediction of the 2003 heat wave. This contradicting result suggests that the soil 
initialization is not essential to predict the 2003 heat wave. 
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Figure 6: a) Observed anomalies of t2m for 2003 JJA (1-month lead time) mean (K). The dots indicate the area where 
the anomaly is in the upper quintile (estimated over 1981–2010). c) Odds in standard resolution with climatological 
initialization for t2m. The odds are the ratio between the probability for the anomalies to be in the upper quintile, the 
interquintile range or the lower quintile and with the climatological probability of these three categories (20, 60 and 20 %, 
respectively). Each grid point is attributed to the category corresponding to the highest odds ratio. If the point is attributed 
to the interquintile range or if there is no category assigned (the categories with two highest odds ratio have an equal 
value) the point is drawn in white. If the point is attributed to the lower/upper quintile category, the corresponding odds 
ratio is plotted with the left/right colour scale. d) Same as c) but for realistic initialization. e) Same as c) but for high 
resolution. f) Same as d) but for high resolution. 
 

These experiments confirm that a small positive impact of increasing the resolution on temperature 
skill is found over Europe. In addition, the realistic initialization of soil moisture also improves the 
skill over Europe, a result that is robust for the two resolutions tested here. However, the specific 
prediction of the 2003 heatwave does not seem to depend strongly on the quality of the soil 
initialization. These simulations will be analysed more deeply in the coming year to try to 
understand the mechanisms responsible of the skill improvement. 

 

3.3. ENEA’s contribution 

State-of-the-art ESMs, like EC-Earth, still lack an appropriate treatment of vegetation able to 
take into account the effects of vegetation cover variability. The effective vegetation cover 
variability at seasonal and at interannual time-scales can be modeled as a function of leaf-
canopy growth, phenology and senescence following an exponential attenuation with the 
increase in LAI (e.g. Lawrence and Slingo, 2004; Bonan, 2008). To properly represent 
vegetation variability in HTESSEL and the coupling with the overlying atmosphere (IFS) in EC-
Earth, we designed a modified version of the code to allow vegetation effective fractional 
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coverage to change as a function of LAI for both low and high vegetation. To this aim an 
exponential dependence of the vegetation densities on LAI has been introduced in HTESSEL 
following the approach described in Alessandri et al. (2007) and similarly to what already 
implemented in other land surface models (e.g. Organizing Carbon and Hydrology In Dynamic 
Ecosystems, ORCHIDEE; Krinner et al., 2005). 

We performed two sets of historical simulations and retrospective predictions using (i) standard 
(CTRL) and (ii) modified (MODIF) versions of the EC-Earth2.4 ESM (Hazeleger et al., 2012; 
Weiss et al., 2014). The MODIF version allows vegetation fractional coverage to change as a 
function of Leaf Area Index (LAI) for both low and high vegetation. 

 
3.3.1. EC-Earth2.4 modified version 

 
In the standard EC-Earth version (CTRL), the fractional coverage of bare soil (Ab) and the 

maximum fractional coverages (Ah, Al) and densities (Ch, Cl) of vegetation (subscripts l and  

h stands for low and high  vegetation types, respectively) are fixed in time. To introduce a more 
realistic representation of vegetation variability in HTESSEL and its coupling with the overlying 
atmosphere, we designed a modified version (MODIF) that allows vegetation density to change 
as a function of LAI for both low and high vegetation. Similarly to what described in Alessandri 
et al. (2007) for the ORCHIDEE land model (Krinner et al., 2005), the vegetation densities 
(Ch, Cl) are made to vary in time (t) according to the Lambert Beer (LB) law of extinction of light 

under a vegetation canopy: 

Cl,h(t) = (1 − e−kLAIl,h(t))                                                                                                              (1) 

where k=0.5. Note that also the bare soil tile fraction is now changing with time and is computed 
as the residual that is not covered by vegetation. 

Ab(t) = 1 − Al × Cl[LAIl(t)] + Ah × Ch[LAIh(t)]                                                        (2) 

The difference between CTRL and MODIF versions of EC-Earth2.4 is schematized in Figure 7. 
Differently from CTRL (Figure 7a), the effective vegetation cover can vary in time in the modified 
version (Figure 7b) as a function of vegetation state (LAI) variability (Figure 7c). Accordingly, 
the albedo, surface roughness length and soil water exploitable by roots for evapotranspiration 
will vary following the variability of the effective vegetation cover at interannual and seasonal 
time scales. Also, the fraction of snow that is shaded by the high vegetation will now depend 
on LAIh(t) (Figure 7b). This is an important factor in boreal forests during winter because, by 

shading snow, vegetation can reduce albedo from the 0.7-0.9 values typical of white snow to 
0.25-0.35 of snow beneath high vegetation (Hartman, 1994). 
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Fig. 7. Scheme summarizing a) the original (CTRL) representation and (b) the modified (MODIF) version 
that introduces (c) the Lambert-Beer formulation of vegetation density (Cv) as a function of Leaf Area 
Index (LAI). 

 

3.3.2. Experiments 
 
 
The following set of historical simulations and retrospective predictions has been performed 
with both CTRL and MODIF versions of EC-Earth2.4. 

 
3.3.3. Historical centennial simulations 

 
The historical simulations cover the period 1900-2010, and have been performed by 
prescribing changing boundary conditions, obtained from available observations, following the 
protocol from phase 5 of the Coupled Model Intercomparison Project (CMIP5 Meehl et al., 
2009; Taylor et al., 2012). The external forcing (greenhouse gases, ozone, natural and 
anthropogenic aerosols and solar activity) is prescribed based on the CMIP5-recommended 
historical datasets (Moss et al., 2010). The simulations were started from preindustrial 
conditions (1850-on), previously generated by spinning up the model for 700 years imposing 
preindustrial boundary forcing. Two members where generated for both CTRLhist and 

MODIFhist experiments (see summary Table 1) by slightly perturbing the initial conditions 

(ICs) for 1st January 1900. The second member used the restart file from the day before (i.e. 

30th instead of 31st December 1899) as the 1st January 1900 IC. 

 
 

3.3.4. Decadal predictability experiment 
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Using ICs from the historical simulations performed with MODIF version of the model (MODIFhist), 

a decadal predictability experiment is performed covering the period 1960-2010 with start dates 
taken every 5 years, i.e.  the same configuration used for the CMIP5 decadal prediction 
experiment (Taylor et al., 2012). The predictability experiment has been performed for both 
CTRLdec  and MODIFdec  versions by taking the model world, as represented by MODIFhist, 

as the reference (Table 1). Ensembles of 7-member predictions are then performed using 
perturbed atmospheric ICs, i.e. taking slightly lagged initial states from the historical simulation. 

For each experiment, we initialize the atmosphere January 1st by using ICs from the end of 30 
December as well as from the six preceding days of the MODIFhist simulation to obtain an 

ensemble of seven atmospheric ICs for each start date of the hindcasts. The exactly same 
initialization for all model components of the MODIFdec and the CTRLdec decadal predictability 

experiments is used, the only difference is that in CTRLdec the new effective vegetation cover 

parameterization has been switched off and as a consequence the vegetation densities are 
constant in time. 

3.3.5. Seasonal hindcasts experiment 
 
We performed a retrospective seasonal hindcast experiment with prescribed LAI from a dataset 
based on the third generation GIMMS and MODIS satellite observations (Zhu et al., 2013). The 

hindcasts setup is as follows (see summary Table 1): 7 months forecast length, 1st May and 

1st November start dates, 10 members for each start date and for each of the 28 years (1982-
2009). Atmospheric ICs for the seasonal hindcast experiment are taken from ERA-INTERIM 
(Dee et al., 2011) and perturbations, generated by using the singular vector method 
(Magnusson et al., 2008), are applied to all the prognostic variables except humidity (Du et 
al., 2012). Land surface ICs are taken from ERA-land (Balsamo et al., 2015), while ocean ICs 
are from the 3D-Var five-member ensemble ocean re-analysis NEMOVAR-ORAS4 (Mogensen 
et al., 2012). Sea ice initialization was produced using five-member historical climate 
simulations performed with EC-Earth constrained by ocean and atmosphere observational data 
(Guemas et al., 2014). The exactly identical initialization for all model components of the 
modified (MODIFseas) and the control (CTRLseas) hindcasts is used, the only difference is 

that in CTRLseas the new effective vegetation cover parameterization has been switched off 

and as a consequence the vegetation densities are constant in time. 

3.3.6. A short range Forecast Case study 
 
To further verify the possible improvement of the predictions at the short weather time scale, a 
case study has been performed for March 2015 using the ECMWF operational weather 
forecasting system at 72-hour lead time focusing on the European domain. For spring 2015 the 
ECMWF weather forecasts using the original version of the HTESSEL land model were affected 
by cold errors on 2m temperature up to 4K over Scandinavia region and moist bias on 2m specific 
humidity of around 1g/Kg over the same region. Using the same initialization for all the model 
components, the forecasts have been performed using both the modified (MODIFNWP) and 

the control (CTRLNWP) version of the model. The only difference is that in CTRLNWP the 

new effective vegetation cover parameterization has been switched off and, as a 
consequence, the vegetation densities are constant in time. 

 

Experiment Name Description Start dates Length Members Period 

M ODIFHIST EC-Earth v2.4,  coupled with LPJ-Guess; 
 

historical simulation 

- - 2 1850-2010 

CT RLHIST EC-Earth v2.4,  coupled with LPJ-Guess; 
 

historical simulation 

- - 2 1850-2010 
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Experiment Name Description Start dates Length Members Period 

M ODIFDEC EC-Earth v2.4, improved decadal hindcasts; 
 

LAI prescribed from M ODIFHIST 

1st Jan 5 years 7 1960-2010 

CT RLDEC EC-Earth v2.4, control decadal hindcasts; 
 

LAI prescribed from M ODIFHIST 

1st Jan 5 years 7 1960-2010 

M ODIFSEAS EC-Earth  v2.4,  improved  seasonal  hind- 
 

casts; LAI prescribed from observations 

1st  May  / 

1st Nov 

7 months 10 1982-2009 

CT RLSEAS EC-Earth v2.4, control seasonal hindcasts; 
 

LAI prescribed from observations 

1st  May  / 

1st Nov 

7 months 10 1982-2009 

M ODIFN W P EC-Earth  v2.4,  improved  seasonal  hind- 
 

casts; climatological LAI from observations 

daily 4 days 1 March 2015 

CT RLN W P EC-Earth v2.4, control seasonal hindcasts; 
 

climatological LAI from observations 

daily 4 days 1 March 2015 

         Table 1. Summary of the experiments 

 

3.3.7. Observations and Reanalysis data 
 
The observationally-based LAI data has been obtained from a novel dataset based on the 
third generation GIMMS and MODIS satellite observations (Zhu et al., 2013). The LAI dataset 
was suitably pre-processed (monthly averaged, interpolated, gap-filled) to use it in the land 
surface scheme of EC-Earth (HTESSEL). The performance of retrospective forecasts is 
evaluated by taking as the reference the ERA-INTERIM reanalysis (Berrisford et al., 2007; Dee 
et al., 2011) for 2m-temperature and surface fluxes of latent and sensible heat, while the 
GPCP satellite-based dataset is used for precipitation (Adler et al., 2003). In order to evaluate 
the climate-change signal in the historical simulations, observationally based monthly-mean 
land surface air temperature data are taken from the CRU dataset available from 1901-2013 
(Harris et al., 2014)  

 

3.3.8. Results 
 

The newly introduced representation of the effective vegetation cover variability (MODIF 
experiments), by including an exponential dependence of the vegetation density on LAI, 
leads to an unprecedented enhancement of the EC-Earth performance across scales over 
areas where the land-atmosphere coupling is strong. Particularly large effects are shown over 
boreal winter middle-to-high latitudes over Eastern Europe, Russia, eastern Siberia, Canada 
and West US due to the implemented time-varying shadowing effect by tree-vegetation on 
snow surfaces. For present-day simulations (1980-2010), the cooling effect of the new 
parameterization, due to the albedo increase following the reduced shadowing by the tree-
vegetation during winter, significantly corrects the warm bias of EC-Earth in those regions 
(Figure 8-9). 
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Fig. 8. Boreal winter (December-January-February) 2m Temperature of the historical simulations (1980- 2010) (a) bias of the 
CTRLhist experiment with respect to ERA-INTERIM reanalysis and (b) sensitivity (MODIFhist   minus CTRLhist). 

 
Fig. 9.  Boreal winter (December-January-February) sensitivity (MODIF minus CTRL) in the historical simulations (1980-2010) for (a) 
albedo and (b) bowen ratio. 

Over the same boreal forest regions, MODIF reproduces much better the temperature 
change signal observed during the last century with respect to control (CTRL). Again, the 
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main mechanism is related to the albedo and due to the increased shadowing of snow by the 
high-tree vegetation. In fact, the warmer conditions over middle-to-high latitudes driven by the 
radiative climate-change forcing lead to increased LAI and effective high-vegetation cover for 
MODIF, therefore inducing a positive feedback on temperature increase during the last 
century (Figure 10-11). 

 

 
Fig. 10. (2010-1980) minus (1940-1910) boreal winter (DJF) 2m-temperature change for (a) observations, and for historical 
simulations using (b) CT RLhist and (c) M ODIFhist versions of EC-Earth. 
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Fig. 11.  Sensitivity (M ODIFhist  minus CT RLhist) of the (2010-1980) minus (1940-1910) change in boreal winter (DJF) (a) 2m 

Temperature, (b) albedo and (c) high effective vegetation cover. 

In this respect, it is estimated that increasing the effective vegetation fractional coverage from zero 
to one would lead to an averaged temperature rise of 4.5K over snow covered boreal forest 

regions. The representation of the effective vegetation cover variability in MODIF also leads, 
over mid-latitude boreal forest regions, to enhanced potential predictability at decadal (up to 5 

years; Figure 12) scale and to enhanced skill of the winter (DJF) seasonal forecasts (Figure 13). 
The analysis indicates that the better performance, at both seasonal and decadal time-scales, over 
mid-latitude boreal forests can be attributed to the improvement in forecasting surface albedo over 
snow covered areas that follows from the realistic representation of vegetation cover variability 

(not shown). 
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Fig. 12. Correlations of 2-years mean T2M predictions at 36-months lead time with the reference historical simulation for (a) control 
experiment (CT RLdec); (b) M ODIFdec vs. CT RLdec differences over land. Areas that did not pass a significance test at 10% level 

are dotted. (c) Global land mean correlations of 1- year mean T2M as a function of lead time for modified and control experiments. 
Marks indicate significant difference of the correlations between the two experiments that passed a significance test at 5% level. 
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Fig. 13. (a) CTRLseas 1-month-lead boreal winter (DJF) 2m Temperature correlation with ERA-INTERIM and (b) MODIFseas minus 

CT RLseas correlation difference. Dotted grid points did not pass a significance test at 10% level. 

 

This is further verified at the shorter weather forecast time-scale using the ECMWF operational 
weather forecasting system at 72-hour lead time. Focusing on the European domain for the March 
2015 case study, the realistic representation of vegetation cover variability substantially corrects 
the cold prediction errors on 2m temperature of up to 4K and on 2m specific humidity of about 
1g/Kg centred over the Scandinavia region (Figure 14). 
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Fig. 14. Weather forecast case study for March 2015 using ECMWF operational 72-hour deterministic forecasts. M ODIFN W P 
minus CT RLN W P (a) forecast T2m error, (b) forecast 2m relative humidity (RH) error, (c) forecast T2m anomaly and (d) forecast 

RH anomaly. Errors are computed with respect to ECMWF operational analysis. 

The representation of the effective vegetation cover variability in MODIF has significant effects on 
the predictability of 2m temperature and rainfall over transitional land-surface hot spots as the 
Sahel, North American Great Plains, Nordeste Brazil and South East Asia. Even if displaying some 
mixed results due to the unavoidable internal noise, the MODIF rainfall forecasts are improved in 
many land areas also showing enhancement for 2m-temperature. At the decadal timescale (up to five 
years), the improvements in potential predictability over transitional land-surface hot spots are 
strongly related to the effects of the newly introduced effective vegetation cover variability on 
evapotranspiration and on the better partitioning of surface fluxes between sensible and latent 
heating (not shown). The potential skill improvements at decadal time-scales for precipitation is 
mostly driven by enhancements in the predictability of evapotranspiration (not shown). The better 
precipitation predictability appears also coupled with the atmospheric dynamics. In fact, a 
significant relation between improved potential predictability of precipitation and of atmospheric 
moisture convergence is also found over these hot spot regions (not shown). At the seasonal time-
scale, the MODIF retrospective predictions at 1-month lead time also display improvements over 
transitional land surface hot spots. Noticeable skill enhancement is found for the seasonal forecasts 
of precipitation in boreal summer over transitional land regions also showing enhancement for 2m-
temperature, particularly over Sahel, continental North America including Great Plains, Nordeste, 
South-East Asia and south-eastern Europe/western Russia. The improvement is at least in part 
related to the better prediction of evapotranspiration in MODIF (not shown). For Sahel, US Great 
Plains and South East Asia the skill enhancement for precipitation is also coupled with the improved 
prediction of atmospheric moisture convergence (not shown). This work showing for the first time 
an encouraging multi-scale enhancement of climate simulation and prediction due to increased the 
model sensitivity to vegetation variability has been submitted for publication to the peer-reviewed 
journal Climate Dynamics. A comprehensive assessment of the MODIF vs. CTRL seasonal 
forecast enhancements, in terms of probabilistic scores, will be further discussed in a paper 
currently under submission by Catalano et al. (2015).  
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3.4. ECMWF’s contribution 

ECMWF investigated the effect of using realistic LAI fields on seasonal forecast performance for 
the summer, using 1999~2012 as reference period. The analysis consists of comparing the effects 
of climatological LAIs vs prescribed time-varying near-real-time LAIs when introduced in different 
parts of the forecast: 

- In a first series of experiments, the two types of LAI were prescribed in both initial conditions 
and as forcing during the forecast itself. 

- In a second series of experiments, the two types of LAI were only prescribed during the 
forecast itself. Initial conditions for these experiments were kept fixed to climatological LAIs. 

The first series of experiments were conducted in the first phase of this work package (see MS45). 
Results then indicated that there was an improvement from using realistic LAI fields rather than 
climatological ones. However, it was not clear how much positive influence came from the initial 
conditions or from the forcing during the forecasts. This is an important question to answer because 
it helps to diagnose which component of the forecasts must be improved on the most. Thus, 
ECMWF decided to keep initial conditions fixed for the phase II experiments, while changing LAI 
fields only during the forecasts.  

Here follows a description and a discussion of the experimental setup and results. 

In both series of experiments, LAI fields were derived from the GEOLAND-2 BioPar GEOV1 LAI 
products. Each series contains an experiment with climatologically averaged LAI fields and an 
experiment with more realistic near-real-time LAI fields. In Phase I of this work package, the impact 
of realistic albedo fields was also investigated, but the results were inconclusive (see MS45). In this 
phase of the work package, albedo fields were kept same as those used in ECMWF’s operational 
forecasts, namely MODIS derived albedo fields. Our experiments are limited to spring and summer 
1999~2012. ERA Interim is used as observation for near-surface temperature and 500hPa 
geopotential height, GPCP is used for precipitation. 

The following table shows a brief description of the experimental setup. 

Table 2: Experimental setup. 

 

In order to evaluate the performance of each experiment, we use grid-point anomaly correlations 
against the reference observations (ERA Interim and GPCP). This allows to have a quick evaluation of 
regions of the globe where realistic LAI has an impact. Note that due to having only 14 years of 
hindcast period (because only 14 years of GEOV1 LAI data is available), it is difficult to establish 

Serie
s 

Acronym 
LAI in initial 
conditions 

LAI in forcing 
during 

forecast 

Albedo in ICs 
and forcing 

Resolution, 
ensemble size, 
ECMWF exp. 

ID 

I 

SIclimLAI climatological climatological 
GEOV1 

climatology 
T255, 31, g1oz 

SInrtLAI 
near-real-

time 
near-real-

time 
GEOV1 

climatology 
T255, 15, g1zu 

II 

SIIclimLA
I 

climatological climatological 
MODIS 

climatology 
T255, 51, gfs6 

SIInrtLAI climatological 
near-real-

time 
MODIS 

climatology 
T255, 51, gge0 
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statistical significance of the differences between the experiments. This is not helped by the fact that 
some experiments have less ensemble members than others. However, for the purposes of this study, 
it suffices. 
 
Figure 15 summarises the effects of changing LAI fields from climatological GEOV1 LAI to near-real-
time GEOV1 LAI in the northern hemisphere summer (June, July and August). The top row shows that 
applying the LAI changes in both initial conditions (ICs) and in the forcing during the forecast 
themselves tends to improve on the surface temperature anomaly correlation coefficient (ACC, left 
column) over areas in southern Europe, East-Asia, south-east North America, and in Russia. These 
are also the same regions where 500hPa geopotential height ACC (right column) benefits from the 
near-real-time LAI fields. Precipitation (middle column) is much noisier, hence the patchy features 
from which very little can be concluded. Not surprisingly, the bottom row shows that changing the LAI 
fields during the forecasts only has a weaker beneficial effect on the ACCs, yet the effects are roughly 
concentrated over the same areas. These areas clearly constitute zones with signal. Interestingly, the 
signal is already predominant in late spring (not shown), when the changes in LAI greatly affect soil 
moisture content and evaporation. By the end of the summer, the effect of changing LAI is clearest.
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Figure 15. Difference of Anomaly Correlation Coefficients (nrlt LAI - clim LAI) averaged over summer (June, July and August). ERA Interim is used as reference for T2m 
(leftmost column) and Z500 (rightmost column), GPCP is used for precipitation (middle column). Reference period is 1999~2012. The top row shows the effect of using 

near-real-time LAI in both initial conditions (IC) and as forcing during the forecast (F), the bottom row shows the effect of using near-real-time LAI fields during the 
forecast only. 
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Figure 16 shows the area under Relative Operating Characteristic (ROC) curve for predicting upper 
tercile anomalies for six different regions: Entire globe (GLOB), Northern Hemisphere (NHEX), Europe 
(EURO), Eastern North America (ENAG), Mediterranean region (MEDG) and the Sahara (SAHG), with 
error bars obtained through bootstrapping 1000 times over the ensemble members. Overall, there is a 
tendency to a slight improvement from using near-real-time LAI compared to climatological LAI, but 
this difference disappears with large scale averages (GLOB and NHEX). When looking at 
comparisons between the experiments using realistic LAIs instead of climatological LAIs in only the 
forcing of the forecast (from SIIClimLAI to SIInrtLAI), as opposed to the experiments with substitutions 
both in the initial conditions and during the forecast (from SIClimLAI to SInrtLAI), conclusions are 
region dependent. For example, for Europe, LAI substitutions in both ICs and in the forcing is 
preferable. Quite the opposite is true for the Saharan region or the Eastern North America region. 
Physically speaking, these latter two regions shift from relatively wet to arid soil conditions over the 
course of the northern hemisphere spring time, so that changes in LAI solely during the seasonal 
transition are already sufficiently influential on the seasonal forecasting skill. For Europe, where the 
soil moisture fluctuates relatively less, changes in LAI in both the forcing and ICs is necessary to see a 
positive impact on forecasting skill. This confirms that climate in Europe is generally noisier than in 
e.g. the Sahara. 
Perhaps the most striking feature from figure 16 is the relatively lower ROC for the second series of 
experiments (SII). Remember, the main difference in experimental setup between SI and SII is the 
albedo fields that were used, and this difference has a larger impact than the impact from substituting 
LAIs. This emphasizes the importance of using matching albedo and LAI fields and answers one of 
the open questions from the Phase I experiments (see MS45). 
 

 
Figure 16. Area under the ROC curve for T2m anomalies (1999~2012 reference period) for various regions: Entire globe 
(GLOB), Northern Hemisphere (NHEX), Europe (EURO), Eastern North America (ENAG), Mediterranean region (MEDG) and 
the Sahara (SAHG), with error bars obtained through bootstrapping 1000 times over the ensemble members. The regions 
are defined in table 3. 
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Region North South West East 

Entire globe (GLOB) 87.5 -87.5 0.0 360.0 

Northern Hemisphere (NHEX) 87.5 30.0 0.0 360.0 

Europe (EURO) 75.0 35.0 -12.8 42.5 

Eastern North America (ENAG) 50.0 25.0 -85.0 -60.0 

Sahara (SAHG) 30.0 17.5 -20.0 65.0 

Mediterranean (MEDG) 47.5 30.0 -10.0 40.0 
Table 3. Bounding longitudes and latitudes for the studied regions 

 
Conclusions 

Results of the LAI experiments conducted with ECMWF’s IFS indicate that using realistic LAI fields 
improves summer seasonal forecasts. The improvement is most visible in near-surface temperature 
and 500hPa geopotential height. It is recommended that to evaluate the effects of LAI on precipitation, 
larger ensemble sizes or more start dates must be considered. Results are also showing that the 
largest portion of the impact of realistic LAIs comes from the LAI fields during the forecast in arid and 
semi-arid regions, perhaps because LAI changes are most influential during the spring season, i.e. 
when the soil moisture contents change the most. For relatively wetter regions, such as Europe, it is 
preferable to substitute LAI in both the forecast forcing and in the initial conditions, since this region 
contains more internal variability. Finally, one of the remaining open questions from the work 
package’s Phase I experiments regarding the importance of albedo fields was answered: it is 
important to combine albedo and LAI fields from the same data source.  

A further investigation is planned at ECMWF, in which prognostic LAI changes will be considered and 
evaluated. In order to detect the limit of the effects from realistic LAIs, the phase I experiments will be 
extended to 51 ensemble members. This will allow for a quantification of the impact of LAI changes in 
IC and in the forecast forcing only. This sensitivity test is expected to shed light on the processes 
beneficial to a skilful forecast. 
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6. Efforts for this deliverable 

 

Partner 
Person-months 

(actual) 

Person-months 

(in-kind) 
Period covered 

ECMWF 9   

KNMI 15.3   

IC3 7.43   

ENEA 8   

Total 39.73  M1~M48 

 

7. Sustainability  

IC3’s contribution to this report was not planned at the time of writing the DoW description of the work 
package. It was also not planned for other seemingly related work packages WP3.1 (initialisation) and 
WP4.1 (impact of horizontal resolution). However, since these experiments are related to land surface 
initialisations, the results were found relevant for this work package, hence they are reported in this 
deliverable report.   
 
 


