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• Cycling of soil temperature/moisture, lake temperature and snow 
temperature/depth for balanced coupled initial state - unique in 
Rapid Refresh (RAP, 13-km) and High-Resolution Rapid Refresh 
(HRRR, 3-km).

• MCLDA in GSI is a step towards coupling of soil DA with 3-d 
atmospheric DA. Increments for soil/snow temperature and soil 
moisture are derived from atmospheric surface analysis 
increments using empirical 1-d covariances (Benjamin et al, 2022, 
submitted to J. of Hydrometeorology)

• Snow DA as part of MCLDA: updating snow cover from 4-km 
NESDIS Snow and Ice Analysis once per day - trim or build cycled 
snow depth.

• MCLDA differs from the weakly coupled DA (WCDA) which uses a 
separate land data-assimilation system (LDAS) driven by 2-m 
temperature/humidity observations. The LDAS approach 
implemented in Canadian, French, ECMWF and other NWP-
center coupled DA. 

Overview of Moderately Coupled Land DA (MCLDA) 
approach in RAP and HRRR

• Soil temperature adjustment at the top 5 levels is based on the 
first-level air temperature increment:

∆Ts(k)=α(k)∙∆Ta             (1)

∆Ta - the atmosphere temperature analysis increment; 
α(k)  - the adjustment ratio for kth soil level: 0.6, …., 0.2
Cooling up to ∆Ts (k)=−2.0 × f × 0.6, where
f = (1. + min(1.5,max(0.,(T−283.0)/15.0))) 
Warming up to ∆Ts(k)= 1.5 K 

• Snow and sea-ice temperature adjustment uses Equation (1), but 
temperature cannot be warmed up above 273.15 K for snow and 
271.4 K for sea ice.

• Soil moisture adjustment at the top 4 levels is based on the first-
level relative humidity increment and applied if daytime and no 
snow on the ground:

∆ηs(k)=α(k)∙∆Rha.        (2)

∆RHa - the analysis increment of RH at the lowest model level;
∆ηs(k) - the soil volumetric water content increment (-0.03<∆ηs(k)< 0.03); 
α(k)  - the adjustment ratio for kth soil level: 0.2…. 0,.1.

o Soil moistening is applied when ∆Ta < Tcrit where Tcrit = - 0.15 K
o Soil drying is applied when ∆Ta > Tcrit , where Tcrit = 0.15 K

Design of MCLDA used in RAP/HRRR for soil 
temperature and moisture  

• 13-km RAP with cycled land/snow state
• Warm season: 18 July – 17 August 2018
• Cold season: 1 February – 1 March 2019

Retrospective experiments for RAP with/without 
MCLDA

15 August 2019

• Coupled DA is needed to avoid initial shock to land-atmosphere 
system and ensure accurate fluxes across atmosphere/land 
interface, especially in initial forecast hours;

• Positive impact of MCLDA in RAP evident in both summer and 
winter experiments.  More pronounced in cold season when 
possible errors in prediction of location and amount of snow 
precipitation can substantially affect surface properties;

• Future work: Replace MCLDA with strongly coupled DA (SCDA) in 
which cross-domain error covariances applied to entire Earth 
system (atmos/land/snow), and obs for one component can 
increment state of another;

• Assimilate soil moisture retrievals (SMOPS, SMAP) in GSI SCDA. 

Impact from MCLDA on surface fluxes

MCLDA impact on RAP snow cover and surface 
predictions for cold season 

Conclusions and future plans

Control No-MCLDA 

• In snow regions, no-MCLDA experiment has colder and moister soils with 
higher snow water equivalent, causing increased 2-m cold/moist biases

No-MCLDA minus MCLDA over Eastern US

Snow Water Equivalent, 16 Feb 2019

Snow water equivalent (in)         Top-layer soil temperature (K)      Top-layer soil moisture (m3/m3)

One time-step diff: no-MCLDA minus MCLDA
Latent heat flux (W/m2)

Sensible heat flux (W/m2)

15 August 2019, 1801 UTC 

a point in central PA

a point in northern CA

• No-MCLDA has 
initial ~100 W/m2

drop in latent heat 
flux in central PA, 
reduced shock with 
MCLDA.

• No-MCLDA has 
initial ~400 W/m2 

increase in northern 
CA, little change 
with MCLDA.

Eastern US

Soil temperature and moisture increments from real-
time RAP- valid at 1500 UTC 12 July 2019

• MCLDA has significant improvements of RMSEs for 2-m T out to 9-12h 
forecasts in Eastern US, and out to 3-5h forecasts in Western US.

• MCLDA has a large positive impact on 2-m dewpoint during afternoon-to-
evening hours for both Eastern and Western US 

• MCLDA reduces RMSEs for 2-m temperature out to 12-21h forecasts in 
early night hours in Eastern US, and during night and early morning hours 
in Western US.

• MCLDA has larger positive impact on 2-m dewpoint in Western US with dry 
soil conditions, especially during the day.

MCLDA impact on RAP surface predictions
RMSE diff: no-MCLDA minus MCLDA
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