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Outline

Background, motivation

Variable Infiltration Capacity (VIC) model

Spatial aggregation:
— Rhone, Columbia and Arkansas-Red River basins
— Conclusions

Temporal aggregation:
— Ohio and Arkansas-Red River basins
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— Piecesin space
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tv Motivation and objective

— Plecesin space

— Piecesintime




Representation of spatial
variations in soil properties,
topography and precipitation

Spatial resolution of available
Input data and hydrologic
model s changes frequently

Choice of spatial/temporal
scale: |s often based on
computational considerations,
or issues related to the

resolution of the observations.
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Science guestions

 How are model simulations impacted by changing the
spatial resolution?

 How different does models evaluated at two temporal
scales perform?

» |sit possible to reconcile smulations performed at
different scales?
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. Previousstudies: Examples

Low Infiltration Capacity Medium Infiltration Capacity High infiltration Capacity
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i VIC: VariableInfiltration Capacity M odel
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VIC: Variable Infiltration Capacity M odel

N soil layers(3)
* N vegetation types (10)
* N eevation bands (10)

 Energy balance
— winter/summer

 Variableinfiltration
 Nonlinear baseflow

» Distributed precipitation

» Typica scale of application: 1/8 - 2
degrees latitude by longitude, 1 hr to
24 hr temporal resol utlon
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atial aggregation: Study areas
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4y Results: RhoneAGG
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Results: Columbia and Arkansas-Red

Spatially and temporally uniform precipitation, daily time steps
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» Results: Arkansas-Red
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Effect of parameterization
for spatial variability of
precipitation (black) vs
gpatially uniform
precipitation (open)
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w- Results; Columbia

i Effect of elevation bands (open
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. Results: Columbia
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Conclusions. Spatial aggregation

* Ingeneral: Form of hydrographs preserved, runoff decreases as spatial
scale increases

» Snowmelt dominated areas. | nteraction precipitation/temperature
— Elevation bands

» Drier areas. Interaction precipitation/vegetation
— Subgrid precipitation and soil moisture, canopy evaporation ﬁ, |

 Wet areas. Decrease in direct runoff is compensated by an increase in
baseflow ‘m







Temporal scale: Background
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M odel differences: 24WB 3. EB
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» Parameterization of canopy evaporation

— Dalily time steps: Evaporation can include current time step’s
precipitation

— Sub-daily time steps: Evaporation cannot include current time
step’ s precipitation

T S PRI ot L T (O S
A PSP T I T o

fe
S




Rescaling parametersfor time step
differences

Search for parameters (interception capacity factor and minimum
stomatal resistance):

(Rnew)n,i — (Rorig )n,i * kl,n (Cnew)n,i = (Corig )n,i * kz,n

min Z {(ECsub—daily - EC24_WB )2 + (Tvsub—daily _TV24.WB )2}

months

e SCEM-UA algorithm (Vrugt et al., Water Resources Research, 2003) P

« Search done across transect at one degree interval, evaluation at 1/8 ﬁ’ 9
degree (parameters interpolated for intermediate grid cells) ?"“

» Reproduce daily water balance results from 3 hr energy balance runs »*m
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Results; Transects

3 hourly energy balance compared to 24 hourly water balance runs
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Results; River basins
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Results:

Spatial images

3 hourly energy
balance runs
compared to 24
hourly water
balance runs

a) Runoff

Original results

Corrected results
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a) Runoff

R esu I tS: Original results
Spatial images

Corrected results

| N S ——— 4
3 hourly energy 05 09 11 14 20 40 100
balance runs 3.EB/24.WB
matched to 24
hourly water
balance runs

b) Evapotranspiration

Original results

®

Corrected results
[ E— ——
0.300.600.800.900.981.021.10

VR s 5 3.EB/24.\WB



NLDAS (North American Data
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NLDAS. Arkansas-Red

Arkansas-Red results Lohmann
et al. (1.EB), vs Maurer et al.
(3.EB)

3.EB: 3 hr energy balance
results (no spatial or temporal
disaggregation of precipitation)

1.EB: 1 hr energy balance runs
(spatially and temporally
disaggregated precipitation)
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Results: NLDAS: . un SR

£
E 601
301

0

1200w

50°N 1

1
500 km

0 1500 0

Elevation (m)
L=evdX

120°'W 100°W 80°'W

1 hourly energy balance
runs, spatially and
temporally
disaggregated

preci pitation, matched
to 3 hourly energy
balance runs, temporally
and spatially uniform
precipitation -

EREL oy

P A,



800 ' —
% Arkansas-Red . Ohio
: .
£ 700 - | o
c |
i) 1
& ° |
5 5 |
§ 600 - |
‘% 3
A |
@ 0
*e o
500 . .
200 300 400
Runoff (mm/year)

3.EB 1EB
O {
U
A
W *

Disaggregation method
Uniform

Temporal

Spatial

Tempora and spatial




Conclusions —tempor al aggregation

 Moisture fluxes ssmulated by the VIC model are sensitive to the time step
used, to the assumptions made regarding closure of the surface energy budget,
and to the method of temporal and spatial disaggregation of precipitation.

o Simulated canopy evaporation differences are the main reason for the
discrepancies between ssmulated model results.

o Senditivity analyses performed at sub-daily time steps (3 hours and 1 hour)
Indicate that temporal disaggregation of precipitation is the most significant
factor controlling canopy evaporation at sub-daily time steps.

« Simulation results at different model setups can to alarge extent be reconciled *ff:?«'.',a '

by introducing correction factors that adjust the canopy interception capacity ff
and canopy resistance. {51
» |tispossibleto calibrate the model in the computationally efficient daily water '

bal ance mode and thereafter introduce correction factors to the sub-daily Wi
energy balance simulations without having to recalibrate the model. : ,ﬁ:‘_f é;
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