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Atmospheric
hydrological
processes

Rainfall
generation

surface runoff
production

infiltration

Vapor flux

5 cm layer: a
critical “gateway’
monitored by
SMAP
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Subsurface
hydrological
processes

Subsurface
moisture A

Recharge to
water table

\

water table dynamics

transport

Transpiration is controlled
by root zone moisture, but
surface moisture may be a
useful surrogate

5 cm layer: a
critical “gateway”
monitored by
SMAP
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Key point: Because SMAP data monitor the “critical gateway”, they contain
information on many important hydrological processes.

= In essence, SMAP does more than just measure soil moisture...

Atmospheric
hydrological
processes

— — — — —
— —
—

Subsurface
hydrological ——
processes
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Sample Hydrological Application: Estimating terms in a basin’s water balance.

.\,‘a’{\O“ runoff (streamflow)

o( e(i\p
/ /

P=ET + Q + AW

evapotranspiration /

change in storage
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Sample Hydrological Application: Estimating terms in a basin’s water balance.

@ ET +@+ AW

Today: a demonstratlon of how
these terms can be estimated with
SMAP soil moisture data

(not perfectly, but with some skill)
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Basin level analysis (to allow for
joint calculation of P and Q) @ = ET + @+ AW

Unregulated
hydrological
basins with USGS

stream gauges

Focus on 10-day totals
during warm season
(June — September)
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Step 1: Precipitation Estimation

Notice: Rain gauge data and SMAP radiometer data generally look nicely consistent.

a. Location A: 119.3W, 41.80N (wWestern U.S.)
T

0.6 Blue histogram: gauge-based rainfall time series . %
0.5 _ . s
= 04~ Reddots: SMAP Level-2 retrievals (descending) A little rain: SM goes up a little 1. %
S 03 =
3 03 /
0.1 y L I AP Lo 1 8
0.0 Poe. ssall0ncan ane N %A teas sosocsoseaste _.'_._l_-_: o
80 100 120 140 160 180 200
Day of Year

A lot of rain: SM goes up a lot
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...:‘.‘J _.“ AW

Precipitation estimation approach from Brocca et al. (2013):

P ~Max (AW - aW,_.",0.)

W,

Lve — average of the two consecutive retrievals
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.5_ B Updated approach:
‘. f AW This term replaced with
¢ .0: o = calibrated loss function

Precipitation estimation approach from Brocca et al. £2013):

P~ Max (AW - 0.)

W,

Lve — average of the two consecutive retrievals
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Some results! (One of the better estimations):

(a) 09444500 SAN FRANCISCO RIVER AT CLIFTON, AZ.

15 ' | | | . =
. £ P:2015 Blue: observed Red: estimated 1
T 10 —
ELE ) E
0 E : =T . = . = ___:.: — - . o -_L;_:'"'-"\--;--jﬁ" E

160 180 200 220 240 260
C -
. E P:2016 =
& 10f =
We can E 55 -
characterize the = VB I _—— . .
: ij= — , : =

agreement in these 160 180 200 220 240 260
time series with the (c) (s —
- P: 2017 =
square of the § g E
correlation = 5§ :
HP 2 E :_ __—____T—_"__"'_‘—-c__—_—-_ e _:
coefficient, r°. o e R _

160 180 200 220 240 260
Day of Year
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Basin level skill scores
(time series of 10-day precipitation totals:
r2 vs observations)

(a) Precipitation Estimation I .

0.90
0.80

0.70

0.60
40N

0.50

040

0.30
020
0.10

0.00

30N

-130

Time series on previous page
were shown for this basin.




SOIL MOISTURE
ACTIVE PASSIVE

Basin level skill scores
(time series of 10-day precipitation totals:
r2 vs observations)

(a) Precipitation Estimation I .

oso. Aside: extending this analysis across
) - the US, beyond “basins”, indicates
o high skill throughout the west.

30N

0.30
020
0.10

0.00

-130

B g P P B B p P =
2 8 4 & % % 4 B & 8

"
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Basin level skill scores
(time series of 10-day precipitation totals:
r2 vs observations)

(a) Precipitation Estimation I .

50N
00 . {a) 07029500 HATCHIE RIVER AT BOLIVAR, TN

. 15 . —]
" _ E P:2015 Blue: observed Red: estimated E
0.70 I 10 Py — E
o 060 [= S //, - < ( — % o _E
. E S5F ™ ey N T =
050 oE "“‘"‘:;U/ \ — e T

040 {b) 160 180 200 220 240 260
15 —]
o . £ P:2016 E
30N 0.20 ﬁ 10 ;_ _;
0.10 E 55 o o E
o 0.00 0E - _-__- T —— 3

{C) 160 180 200 220 240 260
15 —
= P:2017 / =
g 10E / \\ =
- E _F /) E
The algorithm works E SE T~ o~ LT 3
D - —— e —— T Ry — 3

relatively poorly in this r— — — = _ ~
basin. Still, there is some Day of Year

valid information in the

estimates
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Basin level skill scores

(time series of 10-day precipitation totals: Pardon the pun:

High rainfall saturates the

2 .
r* vs observations) soil moisture signal, making
— e rainfall estimation difficult.
(a) Precipitation Estimation I .
o o . {a) 07029500 HATCHIE RIVER AT BO&\ TN
" _"E P: 2015 Blue: observed - estimated E
0.70 | 10 I~ _E
40N e 050 & 52_ !"-“-"-‘-":\M / e "'?'\'-“-m.\. » E
050 oE =
040 160 180 200 220
(b) __ _
" . E P:2016 E
30N 0.20 E 1[]:— -
omH E = J— —
-130 0.0 = e —
{C) 160 180 200 220
_ °E P:2017 E
3 195 E
The algorithm works E SE - =
0E —

relatively poorly in this o 120 200 s
basin. Still, there is some Day of Year
valid information in the

estimates
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Step 2: Streamflow Estimation

Consider:

O The fraction of rainfall, P, that is converted to surface runoff, Q.

increases with surface soil moisture, W :

O~1°ast/ P = fl (Wsurf)

O Drainage of moisture, Q,,, to the water table (and eventually into
streams) increases with increased soil moisture, W:

O*slow = f2 (W)
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basin-scale P
Apply multiple regression: ?sin-sca|iw
Q= Qfast T Qstlow=a P W + bW -+¢

Note —in practice, more complex and accurate approaches would be
used. This simple approach has the advantage, though, of
demonstrating unequivocally that SMAP data hold relevant information.
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Cross-validate!

Calibrate (i.e., find a, b, and c) using two years of observations:

obs Q from 2 SMAP years obs P from 2 SMAP years SMAP W from 2 SMAP years
Q= aPW +bW+ec¢

Validate against data from third year:

SMAP-based P estimate for 37 year SMAP W in 3™ year
NN
Q= aPW +bW+ec¢
/

estimate of Q in 3" year derived solely from SMAP data
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Estimation skill
(time series of 10-day
streamflow totals:
r2 vs observations)

40N

30N

Precipitation Estimation (from before)

N

1.00

-130

(b)

50N

\ 0N

30N

-130
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b . . (a) _ 09444500 SAN FRANCISCO RIVER AT CLIFTON, AZ. _
( 2u~ S Streamﬂqw Estimation I /_ 'm. . ::g P: 2015 Blue: observed Red: estimated E
3 R s 10 =
080 E 50 =
oE — T — ]

160 180 200 220 240 260
" ®) e P- 2016 E
§uof ;
E s _ =
UE e e - _— ‘_‘H E

30N (C) 160 180 200 220 240 260
15 5. =
L 5k P: 2017 E
E sE _ =
of 7

160 180 200 220 240 260

Day of Year

Precipitation estimates (d) _
- 0255 Q2015 Blue: observed Red: estimated 3
(from before) g 0% E
£ 0o _ S . E
000 = E

(e) 160 180 200 220 240 260
. ggg% Q: 2016 E
3 015 3
E 010 N S
i 600 — 2

Streamflow estimates n
capture some of the _ 023E Q: 2017 E
. 2015 =
observed behavior. £ o0 " o =
o T w0 20 220 240 “60

Day of Year
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(b) .
DUNT)\)I Streamflc:w Estimation

- Q
|ll O (6;}

A0N I\.

,\A

-130 -120 -110

—
Qo

mmiday ~—
o

—_—
(=)
-
(= ]

mmiday ~—
o

-
o o o

09444500 SAN FRANCISCO RIVER AT CLIFTON, AZ.

Day of Year

g P: 2015 Blue: observed Red: estimated :
R =] They’re not perfect,
: P:2016 but these streamflow
- —]estimates (red lines)
= 55017 are derived from
- |SMAP data alone!

160 180 gﬁgy of Year 220 240
E Q: 2015 Blue: observed Red: estimated
E Q: 2016 .
g Q: 2017 .
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(b)

SON

A0N

30N

1.00
Llw.
0.50

070

060

0.50

040

0.30

020

0.00

Precipitation estimates in
“poorer basin” (from before)

Streamflow estimates

—
Q

mm/day ~—
o

—_—
(=)
-
= =

mmfday ~—
o

——
o
mm/iday ~—
a o -
o o o [4)] (=T ] [a=]

—_—
o

capture less of the
observed behavior.

07029500 HATCHIE RIVER AT BOLIVAR, TN

= P:2015 Blue: observed Red: estimated E
160 180 200 220 240 260----
= P:2016 E
160 180 200 220 240 — 260
£ P:2017 / 3
= / AN =
E SN 3
;_ B - ) ) L ~ \h _;
160 180 200 220 240 260 -
Day of Year
Q: 2015 Blue: observed Red: estimated
160 180 200 220 240 ~ ZBUT
= Q:2016 E
B 160 — _180 ] 200 220 240 — -260 i
Q: 2017
::.:.'.';'-'-'-...‘_\_ - 3 - - N /’— — "‘-:___ .
160 180 200 220 240 260

Day of Year



07029500 HATCHIE RIVER AT BOLIVAR, TN

(a)
. 15E P: 2015 Blue: observed Red: estimated

Previously noted T~ ]
problem in estimating | 240 2l
precipitation at this site E
also seen in streamflow

estimation

810
£ 5

Q: 2015 Blue: observed Red: estimated

— N
— ——— ————
160 180 200
(e) _
158 Q: 2016
g
E 1.05—
E 05E- . e
0.0E —
(f) 160 180 200
5
_2E Q2017
83
£
Ee
0 — I
160 180 200 220

Day of Year
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Inter-basin analysis

> 49 P e ei .
© _ recipitation
(throw results for all S 5 e - -
considered basins onto the RN hoadigecl k
© L . i s
same scatterplot) E &f s 1
o : Consider only 10-day P, < 50 mm
g -toe—_ . -
-10 -5 0 5 10
P: observed anomaly
=
s 100 o Streamflow
2 5F N=3315 g h
© . .;h
:ﬂo_‘) O:— ------------------------------------ Y . —
= .
E 5t ]
o : Consider only 10-day Pope <90 mm 1]
& 0~ T
-10 -5 0 5 10

Q: observed anomaly



<
| SMAP s

Inter-basin analysis

> 10 : P o G .
© _ recipitation
(throw results for all 5 @ — i 1
considered basins onto the RN sl :
same scatterplot) E o e :
¢ : Consider only 10-day P, < 50 mm
g ol T Y Y e 7O T
-10 -5 0 5 10

For 10-day periods in which rainfall P: observed anomaly

does not exceed 50 mm), SMAP
data “explain” 58% of precipitation
variance...

omaly

10 © Streamflow

... and 49% of the
streamflow variance

Consider onliy 10-day P, <50 mm

-10 -5 0 S 10
Q: observed anomaly

Q: estimated
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Applying streamflow equations
calibrated in one basin...

Cy g
';‘959. = [ ] [ ]
» i Transferability (streamflow)
d
.. to a nearby Peao
mdgpendent aN mi";;
basin... SNy - 7
7 ‘ﬂ“"f\\ B LS ¢
Y ‘iw N Sy - e
>
w 107 .
& b P=031 .
O 5L N=3960 . -
® " .
E e 1 . e:"}:‘.u...-..‘! ..................... _:
m h. .’I -' o |
g -5_ it | | | _:
.. produces streamflow estimates with some skill ;‘7 o - using Q eqﬁ';ﬁc?ﬁ%}?;gbg?fsZg‘f'n”jn'f;,EE‘g(fsﬂn ]
, .. : ~ 00—, . -
= there’s hope for estimating streamflow in o 10 5 0 5 10
basins that never had a streamflow gauge. Q: observed anomaly
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Main Finding:

The SMAP estimates of rainfall and streamflow are not perfect, but they
do contain relevant information.

&> At the very least, they should prove useful for constraining, or

otherwise contributing to, rainfall and streamflow estimates obtained
with more conventional approaches.
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A final comment...

Obvious question: What is the potential for examining other basin water budget

components?
v 2 v 2
P-E-Q - Astorage = 0
We know that evapotranspiration is S'_V'AP actually measures
a strong function of soil moisture directly some of the storage
= SMAP data could, in theory, be change.

used to estimate it.

5> The potential for estimating the other
components as well is indeed there.
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Calibrate: using P
observations in June -
September of 2015-2016

Validate (map on right): June
— September of 2017

SMAP-based precipitation
estimates are accurate!
(At least to some degree...)

rain gauge observations) of ~100 km, 5-day precipitation estimates

New Algmrithm

I|.
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| A

|

i Dol

-II'
.F'-lh I-.l.j-

F ,H‘

Ff
Ry |.
£y cm

0.Ed

o.sa

0.4a

0.3a

o.za

0.1d
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Aggregate 10-day gridded precipitation estimates
across hydrological basin of interest

= hydrological basin precipitation estimates.

(Cross-validate:

-- Use 2015,2016 data to calibrate model for 2017 estimates.
-- Use 2015,2017 data to calibrate model for 2016 estimates.
-- Use 2016,2017 data to calibrate model for 2015 estimates.)

@y
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Basic idea:

We have already shown that precipitation rates, P, can be estimated with SMAP
Level 2 data (Koster et al., 2016):

P =F(Wspap)

Wade has also shown that SMAP data contain information on the ratio of runoff,
Q, to precipitation (Crow et al., 2017):

Q/P =F,(Wspyap)
Logically, then, runoff (streamflow) itself should be extractable from SMAP data:

Q = F3(Wepyap)
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