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Motivation

cloudy pixels only all pixels
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Conclusion*:  all NWP models have cloud deficit

*from ~30 years in NWP cloud forecasting experience + journal papers

What do we do?

q Ensemble forecasts:
§ Time-Lag Ensembles (e.g., RAP/HRRR)

§ Model Ensembles

§ Physics Ensembles (Thompson, Morrison, WSM6, etc.)

§ Stochastic Parameter Perturbations (SPP)

q Cloud Fraction schemes

q Data Assimilation



Question:  WHY do NWP models have cloud deficit?

q Initial Conditions:
§ Too dry?

q Physics
§ Ice initiation?

§ Hydrometeor fallout (rain/snow/hail)?

§ Sub-grid-scale eddies (gray zone problem)?

Possibilities?
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Shortened presentation titleShortened presentation title
NCAR

High-Res Rapid Refresh (HRRR)

7

Time-lag-ensemble (TLE) average
• Hourly updates with hourly forecasts to 18 hours
• A traditional HRRR ensemble forecast system coming in a few years

10 11 12 13 14 15 16
. . .. . .

• If now is 09:30 and we consider a forecast valid at 16:00
• Then we could have as many as 12 forecasts all valid at this time.

now forecast time

9z + 7h
8z + 8h

7z + 9h

22z + 18h
. . .



Shortened presentation titleShortened presentation title
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Time-lag-ensemble (TLE)
Simple weighted average of many HRRR forecasts valid at same time
• Cloud water, rain, snow, etc.

Example max-in-column icing forecast valid 20z 16Jan2013

8-h
forecast

5-h
forecast

2-h
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TLE
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Stochastic Parameter Perturbations 
(SPP)



fine scale broad scale

Example random perturbation patterns
 User defined:  magnitude, spatial, and temporal time scales
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Stochastic Parameter Perturbations (SPP)



A.)  Graupel Y-intercept parameter B.)  Cloud water shape parameter C.)  Cloud Condensation Nucleation

W perturbed up to + 0.35 m/s

Alterations to microphysics scheme

µ = 2
µ = 12

+/-  3  always constrained [2,15]

Diameter
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+/- 1.5 orders of magnitude (m-4)



OU-CAPS 2017 Spring Experiment

Application Testing:  Hazardous Weather Testbed

Control:  no SPP

SPP_MP = 7 (all)



SPP, SPP-Inverse, White-noise

all (15) members SPP (5) members

SPP-inverse (5) memberscontrol + white noise



Analysis using GOES-16 IR (May2017, 5 dates)



Analysis using GOES-16 IR (Jan2018, 5 dates)



Skill scores May2017 and Jan2018 (GOES-16 IR)



What do we do?

q Ensemble forecasts:
ü Time-Lag Ensembles (e.g., RAP/HRRR)

§ Model Ensembles

ü Physics Ensembles (Thompson, Morrison, WSM6, etc.)

ü Stochastic Parameter Perturbations (SPP)

ü Cloud Fraction schemes

§ Data Assimilation



Generational knowledge gaps?



Obs vs. RAMS model @5km



Tested numerous schemes



What amount of cloud water or cloud ice/snow constitutes 100% cloud fraction?
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What amount of cloud water or cloud ice/snow constitutes 100% cloud fraction?



What amount of cloud water or cloud ice/snow constitutes 100% cloud fraction?

1 g/kg0.001 g/kg



Small mixing ratios



Xu-Randall cloud fraction (UFS)

clwt (cloud water threshold between 1.E-7 and 1.E-6)

clwf = cloud water + cloud ice + snow + rain + convective cloud water mixing ratio

Result:  there is no possibility of Cloud 

Fraction > 0.0 if there are no clouds 

modeled by explicit or convection scheme



progcld_thompson (cal_cldfra3)

RH-critical depends on ocean v. land and has grid 

scale dependence

100% cloud fraction where qx > 0.01 g/kg

where 1.E-5 > qx > 0.01 g/kg, cloud fraction 

scales with log10 of mixing ratio

at high altitudes, ocean RH-critical reverts to the 

lower land value



progcld_thompson (cal_cldfra3)

cloud fraction increases with increasing RH (above RH-critical)

entire cloud layers are treated as adiabatic clouds with an 

entrainment factor, but the column sum of all water/ice clouds 

are kept from producing excessive LWP/IWP.  No sub-grid 

clouds co-exist with explicit MP clouds



Verification:  shortwave radiation at ground using USCRN data

graphics by Mei Xu



Cloud-top phase - OBS
Machine Learning:  Principle Components Analysis (PCA)

GOES-16 Visible GOES-16 Level2 Cloud-top phase NCAR ML-PCA Cloud-top phase



HRRR cloud optical depth (t) HRRR cloud-top phase (t = 0.2)

Cloud-top phase - Model

HRRR cloud-top phase (t = 0.5)
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q Ensemble forecasts:
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ü Data Assimilation



Observations H(x) Obs – H(x)
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QC & BC
 cloud mismatches: obs vs. first guess
 correlated errors
 find cause of problem with solar-affected channels in CRTM

Future Work

DA Sensitivity Experiments
•  GOES-16 & GOES-17
•  15 Feb – 15 Mar 2022 and 01 – 31 Aug 2021
•  3-hourly vs. hourly
•  64 vs. 8 km subsampled data
•  include visible wavelength



Coming soon:
DA with Visible reflectance channels



• Microphysics schemes do not FIX all poor cloud forecasts; dynamics RULE baby!
• Stochastic parameter perturbations to multiple physical parameterizations are highly useful.
• Convective parameterizations are a nightmare.  (Duh, convection is difficult.)
• Good data assimilation in cloudy regions should improve initial conditions as well as forecasts.
• More work needed in PARTLY to MOSTLY CLOUDY conditions.

Is the future Mostly Sunny or Partly Cloudy?
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