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1. Background and introduction
a. Research site

◼ Southwestern British Columbia (BC), Canada

◼ Two hydrometeorological seasons:

1. wet, cool season (fall, winter, spring)

2. dry, warm season (summer)

◼ Enhanced precipitation on windward slopes

◼ Accurate precipitation forecasts are crucial for 

reservoir and flood management



1. Background and introduction
b. NWP issues in BC area

◼ NWP limitations:

1. imperfect initial conditions

2. simplified approximations

◼ Observation limitations:

1. radar observations are blocked by terrain

2. weather station are spatially uneven

◼ Mixed-phased orographic clouds are challenging in 

NWP models.

◼ Unresolved complex terrain in NWP models can 

cause false advection and blocking.



1. Background and introduction
c. WRF parameterizations

Microphysics
Represent cloud hydrometeor processes of 
formation, growth, and fallout.

Cumulus Represent the effect of unresolved vertical motion

Planetary Boundary Layer 
(PBL)

Estimate vertical mixing and turbulence fluxes

Land surface model
Estimate heat, moisture , and radiation from the 
ground to atmosphere 



1. Background and introduction
d. Model resolution issues

◼ Finer resolutions are often expected to improve forecasts by generating more realistic

precipitation distribution.

◼ Finer resolutions are prone to temporal and spatial verification “double-penalty”.

◼ NWP “gray zone” is also important to be aware of.

◼ Scale-aware schemes are developed to bridge the gap between implicitly 

(parameterization) and explicitly (resolved) represented processes.

Finer resolution:
Explicitly resolve the process

Coarser resolution:
Implicitly describe the process 
through parameterization

Gray Zone
(4 km)



1. Background and introduction
e. The goal of this study

◼ Evaluate WRF precipitation forecasts over the complex terrain of southwest BC.

◼ Systematically select different parameterization scheme

(microphysics, cumulus, PBL, and land surface). 

◼ Evaluate the performance of each WRF configuration.

◼ The 2016 full calendar year is selected for verification, which is more statistically 

robust than case studies.



2. Methodology
a. Modeling

◼ Model: WRF 3.8.1

◼ Domain: 27/9/3km two-way nesting

◼ Initial/Boundary condition: 

Global Deterministic Prediction System (GDPS)

(0.24° × 0.24°, every 3 hours)

◼ Daily initialized at 0000 UTC for year 2016

◼ Forecast horizon: 3 day

◼ Model top: 50 hPa

◼ 65 sigma levels



2. Methodology
a. Modeling

◼ 36 different model configurations ◼ Longwave radiation: RRTM

◼ Shortwave radiation: Dudhia

◼ For cumulus scheme:

1. turn on at each domain

2. KF: conventional scheme

3. GF: scale-aware scheme



2. Methodology
b. Verification

◼ 55 hourly precipitation observations are used

◼ Nearest-neighbor method is used

◼ Hourly precipitation verification

→ double-penalty issues

→ extended accumulation windows

→ this study focuses on 6-hour accumulation

precipitation



2. Methodology
b. Verification – Continuous metrics

◼ Mean absolute error (MAE)
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◼ Mean square difference (MSD)
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◼ Bias
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◼ Standard deviation (SD) of error

◼ SD (forecast) / SD (observation)

◼ Pearson correlation coefficient (CC)



2. Methodology
b. Verification – Categorical metrics

◼ Choose a precipitation threshold,  and then:

Contingency
Table

Observation

O X

Forecast

O (a) Hit (b) False Alarm

X (c) Miss (d) Correct Rejection
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3. Results and discussion
a. Individual model performance – Continuous metrics

For 9-km grid, 6-hour accumulated precipitation:

◼ Noah-MP is better than Noah

◼ KF is better than GF

◼ In postprocessing, bias is easier to be removed 

than random error

→ Lower 
𝑴𝑺𝑫𝒓𝒂𝒏𝒅𝒐𝒎

𝑴𝑺𝑫𝒕𝒐𝒕𝒂𝒍
and 𝑺𝑫𝒆𝒓𝒓𝒐𝒓 are better

◼ Thom-KF performs the best



3. Results and discussion
a. Individual model performance
– Categorical metrics

For 0.25mm threshold (precipitation or not): 

◼ WSM5-KF, WSM5-GF, and Thom-GF

perform best

◼ For Thom-KF configuration:

frequency bias ↑

false alarm ratio ↑ / accuracy ↓

POD ↑



3. Results and discussion

For 75th percentile threshold (significant event): 

◼ KF is better than GF

◼ Thom-KF performs best

◼ WSM5 has better POD performance

◼ For Thom-KF configuration:

frequency bias ↓

false alarm ratio ↓ / accuracy ↑

POD ↓

a. Individual model performance
– Categorical metrics



3. Results and discussion
b. Seasonal performance variation – 27km grid

◼ Climatology (gray bars): 

cool and wet (stratiform) 

warm and dry (convective)

◼ Warm season: wet bias (GF better than KF)

◼ Cool season: neutral to dry bias



3. Results and discussion
b. Seasonal performance variation – 27km grid

◼ Thom-KF performs well in cool season (stratiform precipitation)

◼ Thom-KF performance has large seasonal variation

◼ Scale-aware GF performs better in warm season (convective precipitation)



3. Results and discussion
b. Seasonal performance variation

For 9km grid forecast in summer (June - August): 

◼ Cumulus scheme has large impact on summer 

convective precipitation performance

◼ For KF at 1400 LST:

apparent diurnal pattern (observation not show)

9.5% false alarm ratio (FAR)

40% total precipitation contribution

◼ GF performs better than KF in warm season



3. Results and discussion
c. Geographical performance patterns

𝑹𝒆𝒍𝒂𝒕𝒊𝒗𝒆 𝑩𝒊𝒂𝒔 =
𝑾𝑹𝑭 − 𝑶𝒃𝒔

𝑶𝒃𝒔
◼ For cool and wet season:

1. dry bias on the lee side

2. wet bias on wind ward slope

◼ For warm and dry season:

general wet bias

(without geographical variation)

◼ Extreme wet bias on windward 

slope in the model



3. Results and discussion
d. Resolution-dependent performance

Coarser
(27-km)

Finer
(3-km)

(a) MAE O

(b) MSD O

(c) Bias O

(d) Correlation O

(e) SD ratio O

(f) Error SD O

◼ KF performs better than GF (surprisingly)

◼ Finer resolution produces more 

extreme and localized precipitation

→ worse MAE, MSD, and SD of error



3. Results and discussion
e. Common versus extreme event performance

◼ The climatology of 55 stations across the region are disparate

◼ 75th (common) and 95th (extreme) percentile distributions are different



3. Results and discussion
e. Common versus extreme event performance

For the mean of all configurations: 
◼ Temporal resolution impacts more than 

spatial resolution

◼ Hit rate decreases for:

1. more extreme events

2. smaller accumulation time windows

3. finer grid resolutions

◼ The “deterministic limit” is exceeded for 

smaller accumulation windows and 

more extreme events



3. Results and discussion
e. Common versus extreme event performance

For the mean of all configurations: 

(Error bars represent the spread among individual models)

◼ Temporal resolution impacts more than 

spatial resolution

◼ Hit rate decreases for:

1. more extreme events

2. smaller accumulation time windows

3. finer grid resolutions

◼ The “deterministic limit” is exceeded for 

smaller accumulation windows and 

more extreme events



3. Results and discussion
f. Predictability with forecast horizon and accumulation window

1st fcst.

2nd fcst.

3rd fcst.

day 1 day 2 day 3

day 1 day 2 day 3

day 1 day 2 day 3

◼ Forecast quality will diminish with:

1. longer forecast horizons

2. shorter accumulation windows

◼ The difference between day 1 

and day 2 is larger than day 2 

and day 3

◼ MAE: 3-km performs the worst

◼ Correlation: 

27-km performs well in the 1st day

9-km performs well after the 2nd day



3. Results and discussion
g. Model interdependence – hierarchical clustering

◼ Based on Pearson correlation coefficients

◼ Correlation are generally large (>0.9)

◼ KF configurations are more correlated in 

precipitation than GF

1st hierarchy: cumulus scheme

2nd hierarchy: microphysics scheme

◼ Thom and Morr are better correlated

◼ WSM5 has its own group



3. Results and discussion
g. Model interdependence – hierarchical clustering

◼ Based on Pearson correlation coefficients

◼ Correlation are less correlated (>0.8)

◼ Thom-KF and Thom-GF

◼ WSM5-KF and Morr-KF

◼ Morr-GF and WSM5-GF

1st hierarchy: cumulus-microphysics mixing

2nd hierarchy: PBL scheme

◼ ACM2 and GBM often group together

◼ YSU has its own group



4. Summary and conclusions

◼ Cumulus and microphysics are confirmed the primary parameterization to 

determine the precipitation forecast performance.

◼ For microphysical scheme:

WSM5 and Thom both perform well, but WSM5 is less expensive .

◼ For cumulus scheme:

1. GF performs well in summer convective precipitation.

2. KF performs well in wintertime precipitation, which is the majority of annual 

rainfall.

3. Scale-aware GF scheme does not outperform conventional KF scheme at finer 

resolutions.



4. Summary and conclusions

◼ The best-performing configuration is unique to each area and application.

◼ In southwest BC, the following 5 configuration perform better:

1. WSM5-KF-YSU-NoahMP

2. WSM5-KF-GBM-NoahMP

3. Thom-KF-YSU-NoahMP

4. Thom-KF-ACM2-NoahMP

5. Thom-GF-YSU-NoahMP



4. Summary and conclusions

◼ Higher spatial resolutions can produce more realistic spread of precipitation, while 

they have higher random errors and are prone to “double-penalty” issues.

◼ Coarser spatial resolutions have less random errors while the bias are larger.

◼ Configurations with finer grids diverge more, so the choice of cumulus and 

microphysics parameterization combinations become increasingly important.

For spatial resolusion issues:

For temporal resolusion issues:

◼ The length of accumulation windows have large impact on verification.



Thanks for listening.



IC/BC cumulus scheme microphysics scheme

E01

NCEP  FNL

Kain-Fritsch

WDM 6-class

E02 Goddard

E03 Thompson

E04 Morrison

E05

Betts-Miller-Janjic

WDM 6-class

E06 Goddard

E07 Thompson

E08 Morrison

E09

Grell 3D ensemble

WDM 6-class

E10 Goddard

E11 Thompson

E12 Morrison

E13

Grell-Devenyi ensemble

WDM 6-class

E14 Goddard

E15 Thompson

E16 Morrison

E17

EC  ERA5

Kain-Fritsch
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E18 Goddard

E19 Thompson

E20 Morrison

E21
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E24 Morrison

E25

Grell 3D ensemble
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E26 Goddard

E27 Thompson

E28 Morrison

E29

Grell-Devenyi ensemble

WDM 6-class

E30 Goddard

E31 Thompson

E32 Morrison
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