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HIGH-RESOLUTION MODELING:
LIMITED-AREA VS GLOBAL MODELS

• Boundary conditions of limited-area models become a problem for 
simulations longer than a few days

• Require BCs supplied from a possibly-inconsistent global model, 
can cause boundary errors

• No feedback onto large-scale

• Global models have no boundaries and provide a consistent 
solution everywhere, but global high resolution can be impractical

• Solution: grid refinement of a global model!



THE GFDL FV3 CORE

• Finite-volume D-grid model solving the vector-invariant (vorticity-KE 
form) hydrostatic primitive equations

• Variables are cell- (or face-) averages, not point values

• Flux-form scheme, so mass conserving

• Vertically-Lagrangian hybrid-pressure coordinate

• Cubed-sphere grid in more recent versions

• Non-hydrostatic version in late development



A message from 
our sponsor

•Nonhydrostatic core

• 2 km: c256 stretched
by 20 (global model!!)

• Solo core with warm-rain 
microphysics

http://www.gfdl.noaa.gov/visualizations-mesoscale-dynamics

http://www.gfdl.noaa.gov/visualizations-mesoscale-dynamics
http://www.gfdl.noaa.gov/visualizations-mesoscale-dynamics


NESTING METHODOLOGY

• BCs: All variables linearly interpolated in space into nested grid halo

• Concurrent nesting: extrapolation in time so nest and coarse 
grids can run simultaneously

• Two-way update:

• Averaging-update for temperature

• Vorticity-conserving for winds

• No update for air and tracer mass: ensures mass conservation!!



WHY CLIMATE SIMULATION?
(ONE POINT OF VIEW)

• Initial condition less important

• Running a climate simulation tests every 
resolved phenomenon repeatedly

• Errors have nowhere to hide!

• But cause and effect of errors hard to 
diagnose–literally can be (thousands 
of) miles apart
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The double-Intertropical Convergence Zone (ITCZ) problem, in which
excessive precipitation is produced in the Southern Hemisphere
tropics, which resembles a Southern Hemisphere counterpart to the
strong Northern Hemisphere ITCZ, is perhaps the most significant
and most persistent bias of global climate models. In this study, we
look to the extratropics for possible causes of the double-ITCZ
problem by performing a global energetic analysis with historical
simulations from a suite of global climate models and comparing
with satellite observations of the Earth’s energy budget. Our results
show that models with more energy flux into the Southern
Hemisphere atmosphere (at the top of the atmosphere and at the
surface) tend to have a stronger double-ITCZ bias, consistent with
recent theoretical studies that suggest that the ITCZ is drawn to-
ward heating even outside the tropics. In particular, we find that
cloud biases over the Southern Ocean explain most of the model-
to-model differences in the amount of excessive precipitation in
Southern Hemisphere tropics, and are suggested to be responsible for
this aspect of the double-ITCZ problem in most global climate models.

tropical precipitation | model biases | cloud radiative forcing |
atmospheric energy transport | general circulation

Precipitation is essential to life, with its variation tightly linked
to water and food security. Providing the best estimate of

future trends in precipitation has always been a primary goal of
global climate models. For this reason, global climate models are
closely scrutinized not only on their ability to simulate large-scale
dynamics but also on their skill in simulating precipitation dis-
tributions at regional scales. One naturally only trusts model
forecasts of precipitation if there is substantial fidelity in simu-
lating the current precipitation climatology.
Because precipitation features are related with processes oc-

curring at a tremendous range of time and spatial scales, their
simulation remains challenging. The main precipitation feature
that most global climate models have difficulty capturing is the
Intertropical Convergence Zone (ITCZ) in the deep tropics at
around 6°N, a narrow latitude band with some of the most in-
tense rainfall on Earth. Despite decades of work by modeling
centers around the world, the double-ITCZ problem, in which
excessive precipitation is produced in the Southern Hemisphere
tropics resembling the stronger Northern Hemisphere ITCZ,
remains the largest precipitation bias of most state-of-the-art
global climate models. There has been little progress in reducing
this bias over recent years (1–3) (Figs. 1 A and B and 2A).
The double-ITCZ bias is most apparent in the strip 5–15°S

over the central and east Pacific, and a similar feature is visible in
the Indian and Atlantic Oceans in most models. Most of the
proposed reasons for tropical precipitation biases involve local
mechanisms within or close to the tropics, for example, warm sea
surface temperature errors in the coastal upwelling region off
Peru (4, 5), often compounded by a deficit of stratocumulus (1, 4,
6). Previous studies (e.g., ref. 2) link the cold sea surface tem-
perature bias especially along the equatorial Pacific with overly
strong trade winds, excessive evaporation, and insufficient solar
damping by clouds. Sensitivity experiments with individual global

climate models show that the bias can be reduced by changing
aspects of the convection scheme (e.g., refs. 7–9) or changing the
surface wind stress formulation (e.g., ref. 10). Given the complex
feedback processes in the tropics, it is challenging to understand
the mechanisms by which the sensitivity experiments listed above
improve tropical precipitation.
Recent work in general circulation theory has suggested that

one should not only look within the tropics for features that affect
tropical precipitation. A set of idealized experiments showed that
heating a global climate model exclusively in the extratropics can
lead to tropical rainfall shifts from one side of the tropics to the
other (11). They also showed that extratropical cloud responses
are important in determining the magnitude of the tropical pre-
cipitation shift (12). The physical mechanism for extratropical
connections is based on energetic constraints (11, 12) and essen-
tially argues that tropical precipitation shifts toward whichever
hemisphere is heated more at the surface or top-of-atmosphere.
This theoretical framework is consistent with recent simulations
of Last Glacial Maximum conditions (13), water-hosing experi-
ments (14, 15), and aerosol cooling simulations (16), which also
show that tropical rainfall shifts away from high latitude cooling
(see also a recent review (17)). A global climate model inter-
comparison study (18) applied this framework to interpret
tropical rainfall shifts in global warming simulations from a suite
of global climate models, showing that tropical rainfall always
shifts toward the hemisphere with more heating, with a particu-
larly important role played by extratropical clouds.
In this paper, we use the energetic theoretical framework to

evaluate the degree to which extratropical biases contribute to
the double-ITCZ problem. We first analyze zonal mean tropical
precipitation biases in the global climate models included in
Phase 5 of the World Climate Research Program Coupled
Model Intercomparison Project (CMIP5). We then show that
model biases outside the tropics have a significant effect on the
interhemispheric temperature asymmetry, tropical circulations,
and tropical rainfall. Last, we show that cloud biases over the
Southern Ocean introduce anomalous warming in the Southern
Hemisphere and are the primary contributor to the double-ITCZ
bias in most global climate models.

Double-ITCZ Problem
Comparing Fig. 1 A and B shows a range of precipitation biases
in the multimodel mean (see Fig. S1A for the difference between
Fig. 1 A and B). Although it should be noted that these biases
vary considerably from model to model, we briefly summarize
the important features of tropical precipitation biases. Models
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WESTERN US DJF PRECIPITATION

PRISM Observations

c90 (110 km) single-grid c192 (50 km) single-grid

c90n3 (40 km) nest c192n2 (25 km) nest

mm/d



HURRICANE INTENSITY

Nested-grid max intensity



JJA PRECIPITATION
PRISM Observations c90 (110 km) single-grid c192 (50 km) single-grid

c360 (30 km) single-grid c90n3 (40 km) nest c192n2 (25 km) nest

mm/d



C384 SINGLE-GRID RESULTS
PRISM Observations c360 (30 km) single-grid c384 (25 km) single-grid

c384 Alternative configuration

mm/d mm/d



• c384 global grid (25 km)

• Factor-of-three nest (8 km) 
over CONUS

• 8 mo/day with 4248 cores 
(c384 single-grid: 19 mo/day 
with 3456 cores)

New nest: c384n3



C384 AND C384n3

c384n3 (8 km) nested

PRISM Observations c360 (30 km) single-grid c384 (25 km) single-grid

c384 Alternative configuration

mm/d mm/d



One day



One day



One day



One day



One day



Parameterized
Precipitation

Resolved
Precipitation





mm/hr

GCIP Observations c90 (110 km) single-grid

c384 (25 km) single-grid c384n3 (8 km) nested
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CONCLUSIONS

• Enhanced resolution readily improves representation of 
orographic precipitation and hurricane intensity

• Great Plains precipitation only improves weakly with increasing 
resolution

•Nesting to 8 km gets the best results, especially in representing 
propagating features in the Northern Plains

•Want to avoid parameterization as much as possible to get 
the diurnal cycle right!!


