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Motivation NCAR

Hyper-resolution: Another way of saying Convective
Permitting on the atmospheric side.

Section in paper: 2.1. Surface and Subsurface Interactions



Land Surface parameterization improvements?

Physics in Multiscale Model

local regional global
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Global Hydrological

cycle:

1. Mean

2. Annual cycle

3. Diurnal Cycle of
precipitation,

intensity, duration

and frequency.

4. Trends

Can we do this
for each month
of the year?

For each region?

Can we do time
series?

Trenberth et al. 2004
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NCAR/RAL Kilometer-Scale
Climate Simulations

Orography [m]
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[Ikeda et al. 2010, Rasmussen et al. 2011.
2014]

- Reanalysis downscaled
- 2001-2008

- dx=4 km

- future - PGW, RCP8.5

[Liu et al. 2017, Clim Dyn. Prein et al. 2017, lkeda et al.
2021]

- Reanalysis downscaled

- 2001-2013

- dx=4 km

- fuure - PGW, RCP8.5
CONUS-2 (done)

- GCM downscaled

- 1995-2014

- dx=4 km

[Done, USGS funded]

- Reanalysis downscaled

- 1979-2019

- dx=4 km. Future: PGW, RCP7.0
South America (done)

- Reanalysis downscaled

- 20-years

- dx=4 km

- Future: PGW, RCP8.5




[Un‘gg‘g,‘%igﬁ p,j‘jjfcéom_] Convective Precipitation Diurnal Cycle
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[Mooney et al. 2016; Ban et al. 2015]




Simulating Mesoscale Convective Systems (MCS)
downstream of mountains
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WREF - Current Climate STAGE4 - Observation

May - 01 - 00:00 May - 01 - 00:00

All MCS tracks from 13-years (2001-2013)
Tracks fade out after 7-days

[Prein et al. 2017, Clim. Dyn.]
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\ Frequency of MCSs

MNATIONAL CENTER FOR ATMOSPHERIC RESEARCH

4N [

40N
h

3N )

36°N |
i

34°N —

30°N —

storms per year []

28°N —

6 5 4 3 -2 -1 O 1 2 3 4 5 6
Temperature bias relative
to PRISM

August
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Dry & Warm Bias in CMIP5 GCMs

Clouds Above the United States and
Errors at the Surface (CAUSES)
project

The precipitation deficit is
associated with the widespread
failure of models in capturing
strong rainfall events in summer
over the central U.S.

[Lin etal. 2017, Nat. Com.]

55° N

S
50°N— ©

45° N o

40° N —

35° N —

30° N —

50°N - *

45° N —

40° N —

35° N —

30°N —

25° N —

20°N

NCAR

MNATIONAL CENTER FOR ATMOSPHERIC RESEARCH



- - BN NCAR
X\ Warm & Dry Bias in Central US
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[Fan et al, JGR 2007; Miguez-
289N 289N Macho et al., JGR 2007]
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[Barlage et al. 2020, in preparation]
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Warm & Dry Bias in Central US ' NC R
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System Program
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Significant sub-grid
variability is missed when

using coarse resolution

[Barlage et al. 2020)



Global Hydrological

cycle:
1. Mean
2. Annual cycle
3. Diurnal CYCle Of Hydrological Cycle
prec ipi.ra*ion 3 Ocean to laritm?g%here
{ H M Water vapor transport
intensity, duration B .
/‘/_\ -
and frequency s 3 7

4. Trends

NCAR Water System research
has shown that convective
permitting modeling (4 km
horizontal grid spacing or less) Land
allows us to capture the mean puuflil — s

Evaporation, transpiration 73

Vegetation

precipitation cycle (mean, annua -
. A "40) Soil moisture
cycle, diurnal( over continental Qcean 122

1,335,040 Ground water flow e

15,300
Units: Thousand cubic km for storage, and thousand cubic km/yr for exchanges

regions (CONUS and South
America.

5. Next step: Improved
representation of the land
surfacel
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