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OutlineOutline

MGO T42L14 model MGO T42L14 model perfomanceperfomance in multiin multi--
year year hindcasthindcast experiments;experiments;

SL model of the SL model of the HydrometcentreHydrometcentre of Russia of Russia 
and its performance in and its performance in hindcasthindcast experiments;experiments;

Sensitivity studies (MGO)Sensitivity studies (MGO)



Dynamical LRF products issued:Dynamical LRF products issued:
• Global hydrodynamic-statistic 1-month forecasts 
have been issued since 2000 on monthly basis 
(Hydrometcentre of Russia, Main Geophysical 
Observatory (MGO));

• Dynamical seasonal forecasts of MGO have been 
issued since 2002;

• Hydrometcentre of Russia began issue of 
dynamical seasonal forecasts in 2004



Recent Recent hindcasthindcast experiments of MGO.experiments of MGO.
AGCM: T42L14.AGCM: T42L14.
PotentialPotential predictabilitypredictability

• Experimental set-up - SMIP-2;
• Forecast period – 7 months;
• Ensemble size – 6 members, peturbed initial conditions from 
NCEP/NCAR Reanalysis;
• Experimental period – 1979-2002.  4 ensemble forecasts per year;
• Observed SSTs;
• Verified vs NCEP/NCAR Reanalysis

Practical predictabilityPractical predictability
• Experimental set-up - SMIP-2/HFP;
• Forecast period – 4 months;
• Ensemble size – 6 members, peturbed initial conditions from 
NCEP/NCAR Reanalysis;
• Experimental period – 1979-2000;
• 4 seasons with 1 month lead time;
• Persisted SST anomalies;
• Verified vs NCEP/NCAR Reanalysis



T850.  Anomaly correlations for northern winter season.T850.  Anomaly correlations for northern winter season.
MGO T42L14MGO T42L14

SMIPSMIP--22 SMIPSMIP--2/HFP2/HFP

1st month
NOVEMBER

2nd month
DECEMBER

3rd month
JANUARY

4th month
FEBRUARY
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Global semiGlobal semi--Lagrangian Lagrangian 
vorticityvorticity--divergence model (SL model) of divergence model (SL model) of 

the the HydrometcentreHydrometcentre of Russiaof Russia
Resolution 1.125Resolution 1.125°°/ 1.40625/ 1.40625°° lat/lat/lonlon, 28 sigma levels;, 28 sigma levels;

2 time2 time--level scheme level scheme dtdt=36 min, ‘=36 min, ‘advectedadvected’ ’ CoriolisCoriolis term;term;

4th order compact differences for 4th order compact differences for discretizationdiscretization of derivatives of derivatives 
in nonin non--advectiveadvective terms, including semiterms, including semi--implicit scheme and implicit scheme and 
UU--V reconstruction;V reconstruction;

Direct FFT solvers for semiDirect FFT solvers for semi--implicit scheme, Uimplicit scheme, U--V V 
reconstruction, and 4th order horizontal diffusion;reconstruction, and 4th order horizontal diffusion;

Parameterizations from operational Parameterizations from operational MeteoMeteo--France France 
ARPEGE/IFS model with some minor modificationsARPEGE/IFS model with some minor modifications



Physical parameterizations of SL model (1)Physical parameterizations of SL model (1)
RADIATIONRADIATION

The radiation fluxes calculation method is based on delta The radiation fluxes calculation method is based on delta –– EddingtonEddington twotwo--stream stream 
approximation to transfer equation solution. Gaseous absorption approximation to transfer equation solution. Gaseous absorption (H2O, CO2, O3) is (H2O, CO2, O3) is 
computed for terrestrial and solar radiation. Cloud optical propcomputed for terrestrial and solar radiation. Cloud optical properties are are linked erties are are linked 
to diagnostic cloud liquid water content. Cloud geometry is withto diagnostic cloud liquid water content. Cloud geometry is with two possible two possible 
options: random and maximum overlap. options: random and maximum overlap. 

CLOUDINESS AND CLOUD WATER CONTENTCLOUDINESS AND CLOUD WATER CONTENT
Cloudiness has three origins: large scale overCloudiness has three origins: large scale over--saturation, saturation, subgridsubgrid shallow convection shallow convection 
overover--saturation and saturation and subgridsubgrid deep convection overdeep convection over--saturation. saturation. 
Large scale and shallow convection cloud water content diagnostiLarge scale and shallow convection cloud water content diagnostic is based on c is based on 
calculation of specific water vapor excess over its saturation vcalculation of specific water vapor excess over its saturation value. This procedure alue. This procedure 
takes into account the minimum critical relative humidity value takes into account the minimum critical relative humidity value that is the threshold that is the threshold 
for cloud formation beginning. for cloud formation beginning. 
The largeThe large--scale and shallow convection cloud amount is calculated using thscale and shallow convection cloud amount is calculated using the e 
diagnostic water content value and a tunable coefficients. diagnostic water content value and a tunable coefficients. 
The deep cumulus convection is presented following scheme of The deep cumulus convection is presented following scheme of BougeaultBougeault (1985). (1985). 
The effects of subThe effects of sub--gridscalegridscale convection on the convection on the gridscalegridscale heat and water budgets are heat and water budgets are 
represented by the bulk mass flux scheme. The impact  of downdrarepresented by the bulk mass flux scheme. The impact  of downdraft is ft is 
parameterized following parameterized following DucrocqDucrocq and and BougeaultBougeault (1995) . (1995) . 

TURBULENT FLUXES AND PBL PROCESSESTURBULENT FLUXES AND PBL PROCESSES
The vertical turbulent transport of moment, heat and moisture inThe vertical turbulent transport of moment, heat and moisture in the surface layer the surface layer 
is described using is described using MoninMonin –– ObukhovObukhov theory for different stratification type. Above, theory for different stratification type. Above, 
in PBL the K in PBL the K –– theory is used.theory is used.



Physical parameterizations of SL model (2)Physical parameterizations of SL model (2)
PRECIPITATIONPRECIPITATION

The precipitation is produced by the largeThe precipitation is produced by the large--scale and deep convective condensation scale and deep convective condensation 
processes under processes under supersaturationsupersaturation conditions.conditions.
LargeLarge--scale precipitation calculation is based on the diagnostically dscale precipitation calculation is based on the diagnostically defined water efined water 
content under the Marshal content under the Marshal –– Palmer drop size distribution function and prescribed Palmer drop size distribution function and prescribed 
drops concentration. The drop falling velocity is calculated in drops concentration. The drop falling velocity is calculated in dependence of it’s dependence of it’s 
diameter. diameter. 
Subsequent evaporation of largeSubsequent evaporation of large--scale precipitation in scale precipitation in nonsaturatednonsaturated lower layer lower layer 
follows modified parameterization of Kessler (1969).follows modified parameterization of Kessler (1969).
The convective precipitation rate is given by the difference betThe convective precipitation rate is given by the difference between the total ween the total 
moisture convergence and the environmental moistening due to detmoisture convergence and the environmental moistening due to detrainment, rainment, 
under the assumption of no evaporation of precipitation below thunder the assumption of no evaporation of precipitation below the cloud base. e cloud base. 
Cloud condensate converts into precipitation when the saturated Cloud condensate converts into precipitation when the saturated layer reaches a layer reaches a 
critical thickness. critical thickness. 
The precipitation has two phase: liquid and ice. Part of ice in The precipitation has two phase: liquid and ice. Part of ice in cloud water content cloud water content 
depends on temperaturedepends on temperature

SURFACE PROCESSESSURFACE PROCESSES
The surface processes include the four types of surface: sea, icThe surface processes include the four types of surface: sea, ice cap, low vegetation e cap, low vegetation 
or desert and high vegetationor desert and high vegetation –– Being introduced.  Being introduced.  

OROGRAPHYOROGRAPHY
The effect of drag flux is included to parameterize The effect of drag flux is included to parameterize subgridsubgrid orographyorography interaction interaction 
with the largewith the large--scale flow. scale flow. 



Recent Recent hindcasthindcast experiments with the SL model experiments with the SL model 
of the of the HydrometcentreHydrometcentre of Russiaof Russia

PotentialPotential predictabilitypredictability
• Experimental set-up - SMIP-2
• Forecast period – 4 months;
• Ensemble size – 6 members with 12-hour time lag from NCEP/NCAR 
Reanalysis;
• Experimental period – 1979-2002; 
• 4 seasons with 1 month lead time;
• Verified vs NCEP/NCAR Reanalysis

Practical predictability (not shown)Practical predictability (not shown)
• Experimental set-up - SMIP-2/HFP;
• Forecast period – 4 months;
• Ensemble size – 6 members with 12-hour time lag from NCEP/NCAR 
Reanalysis;
• Experimental period – 1979-2002;
• 4 seasons with 1 month lead time;
• Relaxed SST anomalies;
• Verified vs NCEP/NCAR Reanalysis



Statistical significance test for ACC Statistical significance test for ACC 
(Number of bootstrap realizations (Number of bootstrap realizations –– 500.  Significance level 500.  Significance level –– 5%)5%)
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T850.    ACC.    SL model.   Months 2T850.    ACC.    SL model.   Months 2--4. 4. 
Potential predictability. 1979Potential predictability. 1979--2002.2002.

DJF MAM

JJA SON



Anomaly correlations for PRECIPITATION.    Anomaly correlations for PRECIPITATION.    
Season: DJF.    Months 2Season: DJF.    Months 2--4.   SL Model (4.   SL Model (HydrometcentreHydrometcentre of Russia)of Russia)



How are the categories defined?How are the categories defined?

In order to account for model bias   simulated / In order to account for model bias   simulated / 
observed anomalies are calculated from the model / observed anomalies are calculated from the model / 
reanalysis climate (1979reanalysis climate (1979--2002):2002):

BELOW NORMAL BELOW NORMAL –– anomaly is less than anomaly is less than --0.43 0.43 
STDEV;STDEV;
ABOVE NORMAL ABOVE NORMAL –– anomaly is greater than +0.43 anomaly is greater than +0.43 
STDEV;STDEV;
NORMAL  NORMAL  –– anomaly is within anomaly is within --0.43/+0.43 STDEV0.43/+0.43 STDEV



T850. ROC scores for the 3 categoriesT850. ROC scores for the 3 categories
NormalPeriod: DJF (Months 2-4)

1979-2002

Potential predictability
Below Normal

Above Normal

SL Model 
(Hydrometcentre of Russia)



T850. Aggregated ROC scores for SL Model. T850. Aggregated ROC scores for SL Model. 
Region: 20NRegion: 20N--90N.  Months: 290N.  Months: 2--4. 19794. 1979--2002.2002.

0.5970.5970.6280.6280.5290.5290.6280.628SONSON

0.5830.5830.6130.6130.5170.5170.6110.611JJAJJA

0.5600.5600.6180.6180.5070.5070.6040.604MAMMAM

0.5880.5880.6190.6190.5170.5170.6240.624DJFDJF

All All 
CategoriesCategories

Above Above 
NormalNormal

NormalNormalBelowBelow
NormalNormal

SeasonSeason



T850. Aggregated ROC scores for SL model. T850. Aggregated ROC scores for SL model. 
Months: 2Months: 2--4. Tropics (20S4. Tropics (20S--20N). 197920N). 1979--2002. 2002. 

0.6650.6650.7130.7130.5690.5690.7010.701SONSON

0.6830.6830.7400.7400.5840.5840.7120.712JJAJJA

0.6080.6080.6860.6860.5690.5690.6060.606MAMMAM

0.7240.7240.7690.7690.6250.6250.7620.762DJFDJF

All All 
CategoriesCategories

Above Above 
NormalNormal

NormalNormalBelowBelow
NormalNormal



Sensitivity experiments withSensitivity experiments with T42L14 model of MGO T42L14 model of MGO 

Parameters of interest: 
• Soil moisture;
• Sea ice.
Idealized atmospheric model approach was accepted: 
climate of soil moisture and sea ice  vs   their actual anomalies.

Ensemble size: 6 members.  Period: 1979-2001 

The assessments of the general effect depend on particular 
characteristics of predictability used for comparison of model runs.

T

IR
σ
σ

−=1

(σI)2 - internal variability (between forecast ensemble members);
(σT)2 - total variability

Reproducibility:



Impact of soil moisture anomalies on the reproducibility of Impact of soil moisture anomalies on the reproducibility of 
mean monthly surface temperature. Model: MGOmean monthly surface temperature. Model: MGO T42L14T42L14

July (1st month).    July (1st month).    1979-2000.

Initialized soil moisture 
in initial conditions

Climate soil moisture 
in initial conditions



ObservedObserved RMSRMS--variations of the sea ice extent variations of the sea ice extent 
in the Northern hemispherein the Northern hemisphere ((19791979--1999)1999)

February

August

May

November



RMSRMS--variations of monthly heat flux in the Northern variations of monthly heat flux in the Northern 
hemispherehemisphere ((VtVt/m/m22) ) at the surface levelat the surface level

January February

March April



Anomaly correlations for forecasts of T850. Anomaly correlations for forecasts of T850. 
Left Left –– for actual anomalies of sea ice.   Right for actual anomalies of sea ice.   Right –– for climate sea ice.for climate sea ice.

1st month (January)

2nd  month (February)



Reproducibility for forecasts of Reproducibility for forecasts of T850 anomalies. T850 anomalies. 
Left Left –– for actual anomalies of sea ice.   Right for actual anomalies of sea ice.   Right –– for climate sea ice.for climate sea ice.

1st month (January)

2nd  month (February)



Statistical significance for reproducibility of Statistical significance for reproducibility of T850 anomalies. T850 anomalies. 
Left Left –– for actual anomalies of sea ice.   Right for actual anomalies of sea ice.   Right –– for climate sea ice.for climate sea ice.

1st month (January)

2nd  month (February)



Thank you Thank you 
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