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“Adequately addressing
critical water cycle science
questions and applications
requires systems that are
implemented globally at much
higher resolutions, on the
order of 1 km, resolutions
referred to as hyperresolution

In th € CO nteXt Of g |O bal |an d Figure 1. Higher-resolution modeling leads to better spatial representation of saturated and nonsaturated

» areas, with implications for runoff generation, biogeochemical cycling, and land-atmosphere interactions.
SU rrace m Od e | S. Soil moisture simulations on the Little Washita showing the impact that the resolution has on its estimation
[Kollet and Maxwell, 2008].
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Several groups are already doing this

WaterGAP (Dall et al., 2003) now runs at 5min globally (Florke et al., 2013)
« PRC- GLOBWB (Van Beek et al., 2011): 5 min globally
« LISFLOOD (De Roo et al., 2000; Van Der Knijff et al., 2010) runs at 6 min globally

« NOAH-MP (Niu et al., 2011) is being coupled to Dynamic TOPMODEL (Beven and Freer,
2001) for 30-m continental simulations

« LIS: can support 1 km (Peters-Lidard et al., 2007).

« Physically based models scaling up (Kollet and Maxwell, 2006; Camporese et al., 2010;
Brunner and Simmons, 2012; Maxwell, 2013).
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HyperHydro group (http://www.hyperhydro.org/)

* open network of scientists

 aim of continental-scale simulations at high-spatial resolution

« comparing different large-scale hydrological models, at various spatial resolutions, from
50 kmto 1 km

* Model results are evaluated to available observation data and compared across models
and resolutions.

Three working groups:

1. WGT: Setting up a testbed for comparing different large-scale models at
different resolutions.

2. WG2: computational challenges, including parallel computing and model
component coupling.

3. WG3: parameter sets, model concepts and forcing.



Current WG1 members and affiliations

Wood « As the starting point, we use the Rhine and San
Joaquin river basins as the test bed areas. In the near
Famiglietti future, we have an ambition to extend our study areas

to the CONUS (Contiguous-US) and EURO-CORDEX

Gochis (Europe) domains.

Maxwell, Kollet

« Models can be run at 4 spatial resolutions for inter-
Doll, Florke comparison:

- 1/2-degree (30-min, ~50km)

Bierkens
- 1/8-degree (12.5km) or 5-min (~10km)
Samaniego - 4 km
Sudicky - Tkm
Bierkens, Hut . Modeled soil moisture, evaporation, latent heat flux,
- discharge, runoff, groundwater table level, show water
e

equivalent are compared among the models and with

Winsemius ground truth and/or remote sensing data.




Test case modeling protocol

Simulation time
(depends on data
availability)

Resolutions

Model surface data

Model forcing

Observation data

Rhine river

2008

0.5 deg 0.125 deg,
4km, 1km

HydroSHEDS (3”)
FAQO soil

Gleeson permeability
Landuse MODIS

5km EFAS Cordex

TERENO/PALSAR soil
moisture

Discharge
Groundwater head
(MODIS) temp

Eddy covariance
fluxes (TR32)

San Joaquin

2008

0.5 deg, 0.125 degq, 4
km, 1km

USGS 1/3” DEM
STATSGO @ 307
NLCD @ 1”

4km NLDAS Princeton
over CONUS

Fluxnet sites
DWR/USGS wells
SNODAS 1km
GRACE @ 1-deg
USGS reservoirs &
streamflow
MODIS temp

Mean Depth to Root Restriction

Within the Upper 150 Centimeters (cm)
[ - .
0 50 100 150 >150

No Data Available



Hyper-hydro data server now

Login:

hyper@data.ucchm.org
Password: hydro

**sftp only (no ssh)

nldas_fora0125_2008 _illinois.nc
nldas_fora0125_2009 lllinois.nc
nldas_fora0125_2010_lllinois.nc
nldas_fora0125_2011 _illinois.nc
nldas_fora0125_2012_illinois.nc
nldas_fora0125_ 2013 _illinois.nc

Incoming
CONUS CALIFORNIA ILLINOIS RHINE
Forcing Grid Surface Validation
NLDAS PRISM

prism_2008_illinois.nc
prism_2009_illinois.nc
prism_2010_illinois.nc
prism_2011_illinois.nc
prism_2012_illinois.nc
prism_2013_illinois.nc
readme.txt




Progress
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Current results/progress for Rhine: i

Overview: Workshop:

HyperHydro (http://www_hyperhydro.org/) is To start the experiment, 2
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an open network of scientists with the aim of modeling workshop was 7o N S on i e T
simulating large-scale models at high- organized in Utrecht on s - £
resolution (Wood et al. 2011, doi: 10.90292010WR010080:  S-12 June 2015. The setup = i R
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Methodology: Forcing: . , =
The modeling protocol is summarized below: We use the same forcing: g Ca
= As the starting point, we use the Rhine and * 4km (NLDAS-based) forcing ii im

San Joaquin river basins as the test bed from Princeton University 2 o - :
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Biggest challenges

« Some models are not meant to run at 1-
km resolution

» Subsurface physics are really important

- Subsurface data sets are really
important (e.g. soil depth)

« Observations for validation are critical
(e.g. SMAP, ASO, in-situ)

- Better forcing is key



1-km CLM over California

CLM 4.0: 1-km model input variables
Percentage Sand- 100 km resolution i Percentage Sand- 25km resolution Percentage Sand- 1km resolution
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Fnax Value- 100 km resolution Fax Value- 25km resolution Fax Value- 1km resolution

“Current computational capabilities have outrun the
theoretical underpinnings of land surface hydrological
models.” [Wood et al., 2011]

Frmax distibution at 1km resolution
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Singh, Reager, Miller, Famiglietti, 2015, WRR
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Results: comparison of the mean(2003-2005) snow water equivalents over the domain

100km resolution CLM

20km resolution CLM

a4 50 44 100
a3 - 45 43 ' l. .- ! %0
a2 1 0 a2 = -, - 8 80
: ) A i ot
a5 m g 70
a0 40 - ™
0 _ - - 60 '@
: 25§ Z - o0 £
z
37 20 37 - 0
» 15 % - - 30
a5 10 35 20
34 5 au - 10
3 -124 -122 -120 -118 -116 -4 0 8 -124 -122 -120 -118 -6 -114 0
. 1km resolution SNODAS
1km resolution CLM » -
= - == 200 I i i
43 { . , > - 1 . 3 b , .
42 ’ : 42 ¥ v 20
160 .
41 41 -
o 140 o 200
02 * z
* 100 £ * 150 €
a8 w0 z a8 g
37 37
60 100
36 36
40
35 0 as 50
3 v 3
0
e " e e e e 8 -124 -122 -120 -118 -6 -114 0
07 Western US average Snow Water
. I I
....... 'l km CLM
~ 0'6 | [—— 25 km CLM
o e 100 km CLM
T —— 12 km SNODAS
o 05 s n
o H
£ I )
€ 04 A NAY _
[ R FEY
3 : ,
£ 03F .
ko]
2 02- ]
w
=
» 0.1F I
b\ -
0 -
2006

Singh, Reager, Miller, Famiglietti, 2014, WRR



