
Use of NASA Remotely Sensed Use of NASA Remotely Sensed 
Products in Products in StreamflowStreamflow EstimationEstimation

Shane Sheldon, Victor Shane Sheldon, Victor KorenKoren, and Michael Smith, and Michael Smith

Collaboration with Collaboration with AshutoshAshutosh LimayeLimaye at NASA Marshall Space Flight at NASA Marshall Space Flight 
CenterCenter



ObjectivesObjectives

Replace daily PE estimations from manual sky Replace daily PE estimations from manual sky 
cover lost when ASOS came on line cover lost when ASOS came on line 
Assess the utility of NASA data in National Assess the utility of NASA data in National 
Weather Service River Forecast System Weather Service River Forecast System 
(NWSRFS)(NWSRFS)



Daily Potential Evaporation Daily Potential Evaporation 
ComputationComputation

Thompson (1976) is used to compute daily solar 
radiation 
R= B + (1 – N0.61 * (1- B)) * Y100 where                     

-- B is a location parameter for the station
-- N is the fraction of the sky covered by clouds 
-- Y100 is the clear sky radiation for day of the year

Solar radiation (R) is then used in an empirical 
estimation of the Penman equation



Fractional Sky CoverFractional Sky Cover

Automated Surface Observing System (ASOS) became Automated Surface Observing System (ASOS) became 
operational in the 1990s, manual cloud cover observations were operational in the 1990s, manual cloud cover observations were 
replaced by cloud replaced by cloud ceilometerceilometer data. Two main issues with the data. Two main issues with the 
ASOS ASOS ceilometerceilometer data:data:

The cloud detection is only in five categories, resulting in lowThe cloud detection is only in five categories, resulting in low
precisionprecision
The detection limit of clouds is only 12000 ft.The detection limit of clouds is only 12000 ft.

MODIS data can potentially supplement ASOS observations to MODIS data can potentially supplement ASOS observations to 
compute an improved solar radiation estimate. MODIS data compute an improved solar radiation estimate. MODIS data 
compliments ASOS observations:compliments ASOS observations:

Spatially continuous dataset allows us to quantify the cloud covSpatially continuous dataset allows us to quantify the cloud cover with er with 
higher precisionhigher precision
Ability to detect clouds till the top of the atmosphereAbility to detect clouds till the top of the atmosphere
Validated, operational productValidated, operational product



Three Data ProductsThree Data Products

ASOS is reported every hour as one of 5 categoriesASOS is reported every hour as one of 5 categories
Clear (no clouds 0Clear (no clouds 0--5% sky cover)5% sky cover)
Few clouds (5Few clouds (5--25% sky cover)25% sky cover)
Scattered clouds (25 Scattered clouds (25 –– 50% sky cover)50% sky cover)
Broken clouds (50 Broken clouds (50 –– 87% sky cover)87% sky cover)
Overcast (87 Overcast (87 –– 100% sky cover)100% sky cover)

the midthe mid--point of each category is used as the cloud fraction and a point of each category is used as the cloud fraction and a 
daily average is computed.daily average is computed.
MODIS is reported twice a day at 10:30 and 1:30, cloud fraction MODIS is reported twice a day at 10:30 and 1:30, cloud fraction 
computed as the  number of 1x1 kmcomputed as the  number of 1x1 km22 pixels flagged as cloudy pixels flagged as cloudy 
divided by total pixels in a 5x5 kmdivided by total pixels in a 5x5 km2 2 area around ASOS site.  area around ASOS site.  
ASOS + MODISASOS + MODIS-- Simple average of ASOS and MODIS daily Simple average of ASOS and MODIS daily 
values (best agreement with SCAN site radiation measurements).values (best agreement with SCAN site radiation measurements).



ApproachApproach

FirstFirst-- directly inserted 3 daily PE products into directly inserted 3 daily PE products into 
lumped calibrated Sacramento modellumped calibrated Sacramento model
SecondSecond-- used a priori SACused a priori SAC--SMA parameters to SMA parameters to 
mitigate calibration biasmitigate calibration bias
ThirdThird-- introduced PE scaling factor to adjust introduced PE scaling factor to adjust 
daily products to climate monthly average to daily products to climate monthly average to 
isolate the effects of daily and interisolate the effects of daily and inter--annual annual 
variationvariation



Blue RiverBlue River

• High PE variation and potential for large streamflow
improvements

• Near ASOS site



Blue River PEBlue River PE

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

Ja
n-0

3
Mar-

03
May

-03
Ju

l-0
3

Sep
-03

Nov-0
3

Ja
n-0

4
Mar-

04
May

-04
Ju

l-0
4

Sep
-04

Nov-0
4

Ja
n-0

5
Mar-

05
May

-05
Ju

l-0
5

Sep
-05

Nov-0
5

Ja
n-0

6
Mar-

06
May

-06
Ju

l-0
6

Sep
-06

Nov-0
6

To
ta

l M
on

th
ly

 P
E 

(in
)

CONTROL

ASOS(in/mo)

MODIS(in/mo)

ASOS+MODIS

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

1 11 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201 211 221 231 241 251 261 271 281 291 301 311 321 331 341 351 361
Day

PE
 (i

n/
da

y)

0

1000

2000

3000

4000

5000

6000

St
re

am
flo

w
 (c

fs
)

ASOS+MODIS
CONTROL
Blue River Streamflow (cfs)



Control- Observed
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MODIS- Observed
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ASOS MODIS- Observed
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Blue River Blue River StreamflowStreamflow Differences Differences 
with Calibrated SAC Parameters and with Calibrated SAC Parameters and 

No ScalingNo Scaling



Blue River Blue River StreamflowStreamflow Differences Differences 
with A Priori SAC Parameters and with A Priori SAC Parameters and 

No ScalingNo Scaling
Control- Observed
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Blue River Blue River StreamflowStreamflow Differences Differences 
with A Priori SAC Parameters and with A Priori SAC Parameters and 

Scaled PE_ADJ FactorsScaled PE_ADJ Factors
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Black Bear CreekBlack Bear Creek

• Provided further validation with second basin

• Blue River complicating factors

• channel losses

• largest spring in Oklahoma



Black Bear Creek PEBlack Bear Creek PE
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Black Bear Creek Percent Bias with  Black Bear Creek Percent Bias with  
A Priori SAC Parameters and No A Priori SAC Parameters and No 

ScalingScaling
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ConclusionsConclusions

Calculated daily PE from MODIS is always less Calculated daily PE from MODIS is always less 
that ASOS on a monthly scalethat ASOS on a monthly scale
In general daily PE time series produce more In general daily PE time series produce more 
runoff that climate monthly averagerunoff that climate monthly average
Simulations from daily PE time series are Simulations from daily PE time series are 
reasonable but not better than simulations from reasonable but not better than simulations from 
climate averages.climate averages.
Analysis from NASA Marshal have reported Analysis from NASA Marshal have reported 
seasonal improvements in Winter and Springseasonal improvements in Winter and Spring



Ongoing Work Ongoing Work 

Calibration of SAC model parameters using the Calibration of SAC model parameters using the 
daily PE time series.daily PE time series.
Gridded MODIS PE time series for use with Gridded MODIS PE time series for use with 
Distributed Model.Distributed Model.


