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Tara’s questions:
Users:  What is(are) the target audience(s) for your temporal application or specialty?  What products do they typically 

use and how? What level of skill is considered to signify “success”?
Traditionally 2-m T & RH, 10-m wind for NWP, Hydro & S2S forecasting, plus all the 
usual NWP metrics, e.g. 500mb AC, profiles, etc.  But now water resources & drought, 
e.g. veg. cover/density (veg stress), snowpack, streamflow, flooding/standing water, etc.

Current Status: What are the legacy verification methods used for this particular application? How does EMC 
currently verify this aspect of models currently and is this sufficient? What are the diagnostics/metrics needed for 
evaluating performance? How are they similar to other applications? How are they different? What observation data 
sets are available to conduct a comprehensive evaluation?
Traditionally 2-m T & RH, 10-m wind, etc, per above.
Obs data sets:  Surface fluxes/radiation, comprehensive energy, water & biogeochemical 
evaluation & other process-level metrics for plants, soils, snow, hydrology/groundwater, 
plus PBL information (e.g. height, profiles & mean properties).

What’s Missing:  What aspects should be verified but are currently not?
Per above, re-cast into Land-Atmosphere Interaction (L-AI) Coupling metrics.
(See subsequent slides.)

Other Ques. re: Land
How does land surface influence forecasts at different time scales? How much of the errors are coming from poor 
atmospheric predictions vs. LSM prediction? Also relevant:  What are the differences between verifying S2S forecasts 
and Global NWP forecasts?
Land has a big impact, from the first diurnal cycle to S2S and longer.  NWP vs S2S:  Still 
need to get the right land-hydro states, fluxes, diurnal cycle, & land-atmos. coupling.

Hierarchical Testing: Which diagnostics can be used to evaluate results from simplified versions of the model (e.g., 
single column model, low-res global etc.), so 1) we cut down on non-linear interactions among components, and 2) we 
can do some tests without using too much computer power (helpful for the research community to participate).
Land-hydrology states, fluxes, and L-AI coupling evaluated at all steps along the way.

Verifying Coupled Land-Hydro:
NWP to S2S (and longer timescales)
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Land-Atmosphere interaction
has an important role.

Paul Dirmeyer,
George Mason Univ.

Land-Atmosphere important for 
S2S, but plays a role starting

at the first diurnal cycle.

Important inertia from:
Soil moisture/temperature/ice

Vegetation cover/density
Snowpack

Land-Atmosphere Interactions:  Important!
(blog from AGU journal editors) 
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12: National Center for Atmospheric Research (NCAR), Earth Observation Laboratory, Boulder, USA
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Land-Atmosphere Interactions:  Important!
(blog from AGU journal editors) First results of the 

Land-Atmosphere Feedback Experiment (LAFE)
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Why Land?
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Local Land-Atmosphere Interactions

•Many land & atmospheric processes and land-atmos feedbacks, some 
competing.  How to verify all these processes in models?  What Metrics?

To verify all this…

…we also need to understand the coupling with this.
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EQUALLY IMPORTANT CONNECTIONS TO HYDROLOGY

IMPORTANT CONNECTIONS WITH THE ATMOSPHERE

VERIF: ALL THE ARROWS!PROCESS LEVEL-EVAL &

LOOKING AT LAND FLUXES:
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Land-Atmosphere Interactions

Paul Dirmeyer, George Mason Univ., Joe Santanello, NASA/GSFC.

Land-Atmosphere Feedbacks “Stand on 2 legs”

• Terrestrial – Soil moisture-surface fluxes relationship. 
When/where/how does soil moisture, vegetation and snow (via plant, 
soil, snow physics and surface-layer physics) control the partitioning of 
net radiation into sensible, latent & soil heat flux?

• Atmosphere – Surface fluxes-PBL relationship. When/where/how 
do surface fluxes affect boundary-layer evolution, clouds (& 
microphysical processes) and precipitation?
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•Many land & atmospheric processes and land-atmos feedbacks, some 
competing.  Example:  Formation of boundary-layer clouds.

Ahmed Tawfik (formerly NCAR)
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•Many land & atmospheric processes and land-atmos feedbacks, some 
competing.  Clouds via Positive or Negative Feedbacks. How exactly?

Ahmed Tawfik (formerly NCAR)
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• The strength of coupling or degree with which changes in land states (e.g. soil moisture) affect surface fluxes ("near-surface local" 
coupling), surface fluxes affect PBL evolution ("local" coupling), and coupled surface/PBL processes affect precipitation patterns
("non-local/regional/larger scale" coupling).

• Land-Atmosphere coupling includes all interactions between the atmosphere and land, including radiative, momentum, heat, and 
mass transfer. Mass includes water as well as chemical constituents. Interactions may include positive or negative feedback loops 
operating on multiple space/time scales.

• The role of the local land surface (on a scale of up to 100 km) in modulating atmospheric processes, opposed to the role of the 
large-scale circulations. More specifically; LoCo involves the influence of local land surface conditions such as soil moisture, land 
surface roughness, albedo, etc. on surface fluxes of energy, moisture and momentum through atmospheric boundary layer 
dynamics, to cloud, radiation and precipitation processes. The extent to which this coupling is local is defined by the co-variability 
of the atmospheric processes (cloud, radiation, precipitation) with the surface conditions, as opposed to the co-variability of these 
processes with the large-scale circulation.

• For me land atmosphere interactions reflect the two way coupling between the land and the atmosphere which modifies the 
surface fluxes of heat, moisture and carbon at the surface and therefore the boundary condition for the surface hydrology and free 
troposphere state (temperature, humidity, precipitation) across temporal scales (daily to interannual) and spatial scale (hundred of 
meters to hundred of kilometers).

• The impact of the local (i.e. 100km) land surface state on the diurnal evolution of the PBL- from humidity to clouds and in extreme 
cases precipitation- as distinguishable from large-scale advective forcing.

• To me, the definition is that the atmosphere is demonstrably sensitive to the land surface state (be it soil moisture, vegetation, 
other surface properties), particularly in a way that impacts atmospheric predictability (temperature, precipitation, etc.). Implicit is 
that the land surface is always sensitive to the atmosphere, so the key bit is to complete the feedback loop from land back to the 
atmosphere (the ΔEFsm → ΔPBL leg of your process chain).

• L-A coupling describes the local influence of the land on the overlying atmosphere and PBL (and vice-versa), as described by the
processes and feedback involved with the transfer of water, heat, and momentum with the cumulative impact on cloud and 
precipitation formation.

HOW TO EXAMINE?  Local Land-Atmosphere Coupling (LoCo) Project
What is LoCo?

Joe Santanello (NASA/GSFC)
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Motivation:
• Land-Atmosphere Interactions (L-AI) play a critical role in
supporting and modulating extreme dry and wet regimes, and must
therefore be quantified and simulated correctly in coupled models.

Objectives:
• Address deficiencies in NWP and climate models by developing
diagnostics to quantify the strength and accuracy of the Local L-A
Coupling (�LoCo�) at the process-level.

Deliverables:
• Diagnostics that can be applied to any model, scale, or observation
(in-situ or satellite).

• Assessment of coupled model components and their integration
through the land-PBL �process-chain� linking the soil to precipitation.

• Provide a diagnostic and observational testbed for GEWEX-GLASS
directed studies of LoCo and model intercomparisons.

Joe Santanello (NASA/GSFC)

HOW TO EXAMINE?  Local Land-Atmosphere Coupling (LoCo) Project
What is LoCo?
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/GLASS.

HOW TO EXAMINE?  Land-Atmosphere Interactions � LoCo

Joe Santanello (NASA/GSFC)

Ahmed Tawfik
(formerly NCAR) Coupling Metrics Toolkit
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� Condensed list of LoCo metrics.
� Each attempts to quantify 

particular links in the process-chain.

� Range from simple correlations to 
multi-variate space to 
preconditioning assessment.

� Wide ranging input requirements 
(temporally, spatially) and model 
application (SCM, MM, GCM).

� Ultimate impact of land/near-
surface variables on the PBL, 
clouds, precip.

DSM → DEFsm → DPBL → DENT → DEFpbl ► DP/Clouds

Courtesy Craig Ferguson
(SUNY-Albany)Joe Santanello (NASA/GSFC)

LoCo Diagnostics
“Shopping List” of Different L-AI Coupling Metrics
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Ahmed Tawfik (formerly NCAR)
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Ahmed Tawfik (formerly NCAR)
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LoCo Diagnostic:  “Two-Legged Metric” (Dirmeyer et al)
Snapshot:  January
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LoCo Diagnostic:  “Two-Legged Metric” (Dirmeyer et al)
Soil Moisture -> Surface Fluxes -> PBL
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GMTB Common Community Physics Package
(CCPP) Research-to-Operations and 

Operations-to-Research (R2O2R) “Ecosystem”

• Collaborative framework for research and 
operations to share physics.

• Relies on dycore-/physics-agnostic 
Interoperable Physics Driver (IPD).

• Standardized set of tools, case studies and 
data sets (in situ/field programs, remote  
sensing) for simpler-to-more-complex 
hierarchy of physical parameterization tests.

• Provides evidence for physics scheme 
acceptance.

NCAR-NOAA Development Testbed Center (DTC) Global Model 
Testbed (GMTB) project: Providing a framework & tools for the 

community to advance atmospheric physics
R2O2R pathway to move 

improved physics 
parameterizations into 
models, and associated 
VERIFICATION/EVAL.
Hierarchical

Grant Firl et al
(NCAR JNT & DTC)IM

PORTANT TO DO EVALUATIO
N/VERIF. O

F

PROCESSES AT ALL HIERARCHICAL STEPS!

…E.G. LAND-ATMOSPHERE IN
TERACTIO

N!
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Issues:
A Coupled Land-Atmosphere problem…

1. Surface Energy Balance partition.
2. Evapotranspiration (ET) partition (vegetation control).
3. Momentum fluxes, transport.
4. Surface emissions of dust, aerosols.
5. Sub-surface to surface heat and moisture transport.
6. Soil thermodynamics and hydraulics/hydrology (surface water-groundwater 

interactions, lateral transport, terrain effects).
7. Cold season:  snowpack, frozen soil processes.
8. Dynamic landscapes (i.e. disturbances, e.g. from fire, urbanization, 

agriculture, etc.).
9. Stable boundary (surface) layer.
10.Surface heterogentity, PBL blending height, complex terrain.
11.Land-atmosphere interaction:

Soil moisture-surface fluxes (e.g. ET) relationship.
Surface fluxes-PBL relationship, feedbacks e.g. via clouds/radiation.

Thanks, Fei Chen, Dave Gochis, Lulin Xue (NCAR), Brian Cosgrove (OWP/NWM), & many others.

Verifying Coupled Land-Hydro:
NWP to S2S (and longer timescales)
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& metrics/verif.

21

, GMU/TLS



DTC Metrics Workshop�30 July – 01 August  2018
ek@ucar.edu

THANK YOU!
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