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Background

• MEFP is a key component of NWC’s Hydrological Ensemble 
Forecast Service (HEFS).

• MEFP is capable of statistically processing deterministic and 
ensemble precipitation and temperature forecasts to generate 
forcing ensembles for hydrological applications.

• MEFP is a basin-based system, designed to produce forcing 
ensembles for lumped hydrological models.

• NWC is moving toward implementing WRF-Hydro, a framework 
linking models of atmosphere and terrestrial hydrology. Gridded 
forcing ensembles are needed.

Presenter
Presentation Notes
In HEFS, the total hydrologic uncertainty is decomposed into meteorological forcing uncertainty and hydrologic model uncertainty. The MEFP quantifies the meteorological forcing uncertainty. The inner workings of MEFP involves several techniques that aim to fulfil some of the requirements laid out in the HEFS Assessment Team report. These requirements are: 

The lead times of the ensemble forecasts span from hours to years.
Use available meteorological forecasts.
Ensemble forecasts are reliable, consistent in space and time, and able to preserve the skill in the meteorological forecasts.


The Weather Research and Forecasting Model Hydrological modeling extension package (WRF-Hydro) is a new community-based model coupling framework designed to link multi-scale process models of the atmosphere and terrestrial hydrology.  The underlying goal of WRF-Hydro development is to improve prediction skill of hydrometeorological forecasts using science-based numerical prediction tools. (https://www.ral.ucar.edu/projects/wrf_hydro)
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MEFP Overview
• Objective:  Producing reliable forcing ensembles that capture the 

inherent skill of  the raw meteorological forecasts.

• Using the meta-Gaussian distribution (MGD) to model the relationship 
between the observed and forecast.

• Generating ensemble members from the conditional distribution of the 
MGD, given a single-valued forecast.

• Applying the Schaake Shuffle to maintain spatial and temporal 
coherence for ensemble members.

• Using temporal aggregation to capture forecast skill.

• Forecast data sources: WPC/RFC single-valued forecasts, GEFS 
ensemble forecasts, CFS forecasts. 

Presenter
Presentation Notes
Although termed as ensemble forecasts, MEFP ensembles are statistically processed forecasts, which are distinct from raw NWP ensembles, which are forecasts generated by perturbing the initial conditions and parameters of dynamical models.

Data requirement for calibration: archives of 5+ years are recommended.
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Mixed-type MGD Model for Precipitation

• Joint distribution of forecast (X)  and observation (Y):

F(x,y) = p00+p10GX(x)+p01GY(y)+p11P(X ≤ x, Y ≤ y | X > 0,Y > 0).

• MGD constructed for P(X ≤ x, Y ≤ y | X > 0,Y > 0):

H(x, y) = B(Z, W; ρ), where Z = Q-1(FX(X)), W = Q-1(FY(Y)) 

B is bivariate standard normal distribution function.
Q is standard normal distribution function.
ρ is Pearson correlation coefficient between Z and W. 

• Conditional distribution has an analytical form and can be easily 
computed.

Presenter
Presentation Notes
Precipitation intermittency is dealt with by decomposing the joint distribution to components of continuous probability distributions.

Uncertainty in the forecast can be estimated by the conditional distribution of H(x, y) given x.

Marginal of  H(x,y) can be modeled by any continuous distributions that fit the data well (normal, Weibull, Gamma, …). 

If P(Z ≤ z, W ≤ w) is standard normal, the modeling is exact: F(x,y) = H(x,y).

Our hope is that P(X ≤ x, Y ≤ y | X > 0,Y > 0)  can be well approximated by H(x,y).
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Preserve Space-time Coherence

• Meteorological events tend to be correlated in space and 
time. 
o Temperatures tend to be correlated from basin to 

basin and from one day to the next, as well as 
during the day.

o Large-scale storms can be more persistent in space 
and time than rain showers.

• These correlations can be captured by the rank 
structure of historical observations over any relevant 
spatial domain and for any time period. 

• A rank structure can be thought as a table where past 
observations, their associated years, and their ranks are 
tabulated. 

• Schaake Shuffle (SS): A scheme that arranges 
ensemble members to have the same rank structure as 
that of the historical observations. 

Presenter
Presentation Notes
Temperatures tend to have small-to-moderate variations from basin to basin and from one day to the next.

There are also relationships between meteorological variables. For example, in some regions, precipitation generally does not occur on the days with the highest temperatures.

We can use a rank structure to capture the correlations of the historical observed past events and impose this rank structure to the forecast ensembles so that the forecast ensembles possess similar space-time correlations to that of the observed past events. By doing this, we can maintain proper spatial and temporal relationships from time period to time period, from basin to basin, and from forecast variable to forecast variable for the ensemble forecasts.

The rank structure is used to arrange MEFP ensemble members so that the final ensemble forecasts can possess the same rank structure and similar correlations over the same spatial domain and time period. To construct a consistent rank structure, identical historical years for observed values must be used across a forecast group. 

Schaake shuffle has known limitations: uses historical data only, not state of atmosphere at forecast time; many tied ranks for zero precipitation amounts, which can reduce correlations.
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CRPSS measures the overall quality of probabilistic forecasts against reference 
forecasts. The larger the value, the better. 

MEFP Validation
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Presenter
Presentation Notes
Continuous Ranked Probability Skill Score (CRPSS): A skill score associated with the mean Continuous Ranked Probability Score, used to measure the overall quality of probabilistic forecasts against reference forecasts. 

Plots were made using all data (no threshold is used).

The ensembles possess varying degrees of skill relative to climatology. Skill of precipitation forecasts reduces to that of climatology around day 7. Notice that the temperature ensembles have some skill even around day 14.
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Working with Grids

• A prototype of gridded MEFP (GMEFP) for precipitation is 
under development at NWC.

• The mixed-type MGD model is applied to individual cells in 
the grid.

• For maintaining space-time coherence, the SS is applied with 
rank structure provided by GEFS ensemble forecast fields. 
o Would historical observed fields work for SS? 
o Can we use analogs? 
o Should we impose any constraints?

• Space-time aggregation
o Suitable time aggregation interval for a given lead time 

and location?
o Suitable spatial aggregation for a given lead time and 

location?

Presenter
Presentation Notes
General steps:
The mixed-type MGD model is calibrated for each non-aggregated or aggregated accumulation (called canonical event). 
Sample from the conditional probability distribution of the model given the single-valued forecast.
Form an ensemble of historical observations to provide the rank structure.
Recover space-time relationships using Schaake Shuffle.  
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GMEFP Preliminary Results

• Forecast domain: Middle Atlantic River Forecast 
Center

• Grid resolution: ~ 20 km

• Time interval (6 hrs): 2011041618z-2011041700z

• GMEFP ensembles: Generated by post-processing 
downscaled GEFSv9 reforecasts (18-hr lead time)

• Verifying observations: Multisensor precipitation 
estimates
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MPE, max=76.4 mm Ensemble member 1, max=41.2 mm

Ensemble Mean, max=19.4 mm Ensemble member 2, max=65.9 mm

GMEFP Preliminary Results

Presenter
Presentation Notes
Some findings:
Raw GEFS ensembles are under spread in predicting the largest MPE values.
There is some improvement in spread in the GMEFP ensemble members over the raw GEFS members. But the GMEFP ensemble members are still not larger enough to capture the largest MPE value.
The GMEFP ensembles have larger spatial spread.
The GMEFP ensemble mean field is similar to that of the raw GEFS ensemble mean in spatial pattern and  intensity.

Ensemble member 1 has the smallest maximum value. Ensemble member 2 has the largest maximum value. 
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Thank You !
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