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Figure 15. Hovmöller diagrams of the averaged outgoing long-wave radiation (OLR) between 10 °S and 10 °N from 29 December 1992 to
15 February 1993 as analysed by ERA-40 and obtained from daily forecasts with Cy28r3 to Cy32r3. Each forecast verifies at the 15-day lead
time. Red shading denotes warm OLR anomalies (negative phase of the MJO) and blue shading cold anomalies (convectively active phase of

the MJO).

Figure 16 shows time series of the anomalies of sea sur-
face temperature over the tropical Pacific (125 °E–80 °E,
30 °N–30 °S) for ERA-40 and the simulations. The trop-
ical Pacific is a key region in seasonal and interannual
forecasting due to its link to the El Niño-Southern Oscil-
lation (ENSO) phenomenon. The anomalies have been
computed as the difference between monthly values and
the mean seasonal cycle from ERA-40 over the period
1970–2000. Figure 16 illustrates the drift in the simula-
tions, which is too strong after the first year for Cy31r1,
reaching values close to 2 K. The drift is reduced in
Cy32r2, although there is a fast decrease in temperature
after the first year. The Cy32r2 values amount to around
1 K after two years of simulation, whereas Cy32r3 further
reduces the differences with the ERA-40 climatology to a
value below 1 K. Cy32r3 is also the first cycle that shows
enough zonal wind variability in the tropical Pacific to
trigger some ENSO warm events. The variability over
the tropical Indian Ocean is also improved, mainly by a
reduction of the equatorial westerly winds over the west-
ern part of the basin.
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Figure 16. Time series of the anomalies of sea surface temperature
over the tropical Pacific (125 °E–80 °E, 30 °N–30 °S) for ERA-40 and
three-ensemble simulations carried out with the IFS/HOPE coupled
model. The anomalies have been computed as the difference between
monthly mean values and the mean seasonal cycle from ERA-40 over
the period 1970–2000. The three-member ensemble simulations start

on 1 November 1994 and extend for 120 months.

The better performance of Cy32r3 with respect to pre-
vious cycles is also found for near-surface temperatures
at both the global scale and regional level (not shown).
Global-mean temperature differences from the observa-
tions are consistently smaller than 1 K. However, the
Northern Hemisphere continents show a warm bias while
the ocean surfaces, especially over the Tropics, remain
too cold. It is likely that the continental biases are linked
to deficiencies in the simulation of the snow cover and
feedbacks related to soil moisture.

8. Conclusions

Revisions to the convection and diffusion parametriza-
tions of the IFS have been presented that lead to
higher and more realistic levels of atmospheric activ-
ity/variability in middle latitudes and the Tropics. The
models’ mean state and variability have been evaluated
on different time-scales by performing high-resolution
deterministic and ensemble forecasts, monthly and sea-
sonal integrations, as well as coupled decadal integra-
tions, and by comparing them against available satellite
and rain-gauge observations, operational analysis and 44
years of reanalysis statistics.

Model improvements concern in particular

• Midlatitude synoptic activity in the short and medium
range, as well as midlatitude cyclone statistics in
seasonal forecasts.

• An increase in the amplitude of the annual cycle of
tropical rainfall over land.

• Increased equatorial Kelvin wave activity, improved
stratospheric climate, and (for the first time with the
IFS) an increase in the amplitude of the intraseasonal
variability which may map onto the MJO.

• Tropical SSTs in decadal integrations through more
realistic wind forcing and radiative forcing (cloudi-
ness).
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1.  Introduction
Recent modifications to the ECMWF Integrated Forecasting 
System (IFS) have improved MJO simulation.

Figure 1: Equatorially averaged OLR anomalies at t+15 days for ERA-40 
(left) and 5 different IFS cycles, from  [1].

Cy 32r3:
• Change to convection and 

vertical diffusion schemes [1]. 

• Realistic representation of 
convectively coupled equatorial 
waves.

• Sustained MJO amplitude. 

• New radiation package 
McRad [2]. 

• Reduction of systematic 
errors associated with the 
location of tropical 
convection. 

Cy 32r2:

2. Sensitivity Experiments
The modifications to the convection scheme in Cy 32r3 included:

(A)  a variable convective adjustment timescale (τ). 

(B)  deep convective entrainment ∝environmental relative humidity (RHe).

Experiments (Table 1) have been designed to test the sensitivity of MJO simulation to:
• just the new convection scheme, excluding other IFS modifications: CONV : no (A) or (B).
• halving the sensitivity to RHe : ENTRN : (A), 0.5*(B).
• allowing the convective adjustment timescale to vary: CAPE : only (B). 

During the YoTC period comparisons have been made with an old IFS version Cy 31r1 : no (A) or (B) and the 
operational cycle OPER : (A) and (B).

Cy 31r1

CONV

OPER

ENTRN

CAPE

Cycle (Identifier) Details Convection Radiatio
n

Resolutio
n

Adjustment 
timescale (τ)

Cycle 31r1 (eifc) The cycle used for ERA Interim. ʻoldʼ ʻoldʼ TL 255 3600 s

Cycle 33r1 (fbgq) YoTC period re-run using cycle 33r1, replacing the 
ʻnewʼ convection with the ʻoldʼ version. ʻoldʼ ʻnewʼ TL 799 720 s

Cycle 32r3 to Cycle 
35r3 (odfc) The operational cycle during the YoTC period. ʻnewʼ : (A),(B) ʻnewʼ TL 799 600 s -3 h 

Cycle 33r1 (fgk8) YoTC period re-run using cycle 33r1, halving 
sensitivity to RHe: 0.5*deep convective entrainment.

ʻnewʼ : (A), 0.5*
(B) ʻnewʼ TL 799 600 s - 3 h 

Cycle 33r1 (fgbl) YoTC period re-run using cycle 33r1, with constant 
CAPE adjustment timescale τ. ʻnewʼ : (B) ʻnewʼ TL 799 720 s

Table1: Summary of IFS 
convection scheme 

sensitivity experiments. 

3. Representation of the MJO 
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Figure 2:  A multivariate MJO index [3] for the April 2009 MJO casestudy. The index uses combined EOFs of OLR, 850hPa zonal 
wind and 200hPa velocity potential. Red to green indicates increasing forecast lead time.

Multivariate MJO index [3], applied to the experiments for April 2009 casestudy (Figure 2).

Figure 3: Root mean square error of forecast vs 
observed MJO amplitude for April 2009
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Effects of the new convection scheme:

• MJO amplitude maintained at longer forecast leadtimes, especially 
in the Indian Ocean. Although, in the CAPE experiment the  
amplitude is too strong in that region.

• considerable reduction in RMSE of MJO amplitude. By considering 
the contribution from the CONV experiment, 80% of the RMSE 
reduction between Cy 31r1 and OPER can be directly attributed to 
the new configuration of convection.

4. Precipitation and CAPE 
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Figure 4: Precipitation (left) and CAPE (right)  distribution 
at t+24 h for all experiments. TRMM observations of 

precipitation are shown by the dashed line. 
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Figure 5: Precipitation-CAPE relationship for an equatorially averaged region in the eastern Indian Ocean. 

Precipitation

CA
PE

• All variations of the new convection scheme [OPER, 
ENTRN and CAPE] produce a precipitation distribution 
similar to TRMM observations. Cy 31r1 and CONV both 
produce too much rain, (Figure 4 (a)).

• CONV, ENTRN and CAPE all produce less CAPE than 
OPER, (Figure 4 (b)), and rain more at low values of 
CAPE, (Figure 5).  

• Both the CAPE and ENTRN experiments weaken the 
constraints of OPER towards the CONV experiment 
which is reflected in their precipitation-CAPE 
relationship, (Figure 5). 
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7. Conclusions 

5. The role of moisture

Figure 6: Daily averaged precipitation 
in 1- kg m¯² - wide bins of Total 

Column Water (TCW).

Figure 7: Daily averaged precipitation in 
0.2- g kg¯¹ - wide bins of 700 to 500 hPa 

averaged specific humidity.
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Figure 8 : Vertical structure of humidity for ERA Interim reanalysis and 
experiments at t+240h. Change from initial ERA Interim state on 1st April 2009. 

6. Diabatic heating profiles

(a) Cy 31r1 (b) CONV (c) OPER (d) ENTRN (e) CAPE

(a) Precipitation (b) CAPE
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By day 10:
•  Cy 31r1, and to a lesser extent CONV, exhibit a distinct mid-tropospheric drying 

compared with ERA Interim. OPER  exhibits a mid-tropospheric moistening, (Figure 8).
• none of the models have maintained the vertical structure of a dry phase leading a 

moist phase which is clear in ERA Interim. 

All variations of the new convection scheme [OPER, ENTRN and CAPE]:
•  exhibit a similar relationship, that is distinct from Cy 31r1 and CONV, between 

precipitation, TCW (Figure 6) and mid-level humidity (Figure 7). 
• tend to produce less precipitation for a given value of TCW or mid-level humidity. 
• show rapidly increasing precipitation values at high TCW values (Figure 6).

‣ All variations of the new convection scheme [OPER, ENTRN and CAPE], 
• maintain the observed MJO amplitude at longer forecast leadtimes. 
• exhibit more realistic distributions of precipitation compared with 

observations. 
• have a similar relationship between precipitation and moisture. 

‣ At short forecast leadtimes, experiments with shorter CAPE adjustment timescales 
[CONV and CAPE] produce more precipitation at low CAPE values. 

‣  As forecast leadtime increases, 
• both Cy 31r1 and CONV exhibit a mid-tropospheric drying, while OPER exhibits 

a distinct mid-tropospheric moistening.
• the amplitude of diabatic heating and cooling in CONV decreases. 
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Figure 9: Vertical stucture of the dIabatic heating profiles from the 

physics tendencies in the equatorial Indian Ocean in April 2009. 

(a) OPER
t+24

(b) CONV
t+24

(c) CONV
t+120

(d) CONV
t+240

During the April 2009 casestudy:

• at t+24 h OPER exhibits strong diabatic heating 
followed by diabatic cooling. 

• at t+24 h CONV exhibits a weaker amplitude of 
both the heating and cooling.

• by t+240 h CONV has lost the signal of diabatic 
cooling almost completely and the amplitude of 
the heating has further reduced. 

• in CONV, as forecast leadtime increases, the main 
envelope of heating shifts east suggesting the 
model prolongs its time in that phase.
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