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Variability of Observations from the
MOISST Flux Tower Associated with
Changing Soil Moisture Conditions
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Analysis

* “Flash Drought” period from June — August
2012

* “Flash Recovery” period during May 2015

* Analysis of precipitation, temperature, soil
moisture, vegetation index, evaporative
fraction, and water use efficiency from
MOISST site and Marena Mesonet



U.S. Drought Monitor June 12, 2012
Released Thursday, Jun. 14, 2012
Oklahoma e iz amesr 2

Drought Gonditions (Percent Area)

Mone | DO-D4 | D1-D4 | D2-D4 EecE ez et

Current 45,78 | 53.22 | 21.54 [ 1049 | 170 | Q.00

Last Week

£5201 2 3437 | 6563 | 2332 ([ M20 | 326 | 0.00

3 Months Ago
3132012

Start of

2653 (7347 (4823 [ 24710 | 879 [ 316

Calendar Year | 14.83 | 8517 | 78.76 | 5055 | 2748 | 378
132012
Start of

Water Year 0.00 | 100.00{100.00 (100.00( 78.97 | G6.42

7201
oA One YearAgo | 5, 19 | 7789 | 57.67 | 4176 | 2353 | 10.32
BA4.20 11
Iy I Intensity:
S \ DO Abnomalby D ry - D3 E xtreme D ought
| D1 M oderate Drought - D4 E xceptional Drought

D2 Severe Drought

The Drought Monitor focuses on broad-scale conditions.
LL/T Local conditions may vary. See accompanying text summary
for forecast statements.

Author:

David Miskus

NOAANWSINCEFR/CPC

USDA B .
_ mmdvm,,ﬁ,,i;u‘;“m o _J;“

http ://[droughtmonitor.unl.edu/



U.S. Drought Monitor June 19, 2012
Released Thursday, Jun. 21, 2012
Oklahoma e iz amesr 2

Drought Conditions (Percent Area)

Mone | DO-Dd | D1-Dd | D2-D4 RS el S

Current 32.88 | 6712 | 33.24 | 1520 | 3.40 | Q.00

Last Week

£42.0012 4578 | 5322 | 2154 | 1049 | 1.70 | 0.00

3 Months Ago
220.2012

Start of

Calendar Year | 14.83 | 8517 | 78.76 | 5055 | 2748 | 378
122012
Start of
Water Year 0.00 [100.00{100.00(100.00| 78.97 | 66.42
| |

G3.01 3600 (2551 | N88 | 742 | 316

7201
One YearAgo | »; 49 | 7789 | 6343 | 4814 | 4122 | 3255
212011

Intensity
D0 Abnomally Dy - D3 Extreme D rought

]

| D1 M cderate Drought - D4 Exceptional Drought

D2 Severe Drought

The Drought Monitor focuses on broad-scale condtions.
LL/" Local conditions may vary. See accompanying text summary
for forecast statements.

Author:

Richard Heim

NCDC/MNOAA

USDA B .
_ MMJVMlﬁ'A;j‘;MM b o _J;“

http://droughtmonitor.unl.edu/



U.S. Drought Monitor July 10, 2012
Released Thursday, Jul. 12, 2012
Oklahoma e am st

Drought Gonditions (Percent Area)

Mone | DO-D4 | D1-D4 | D2-D4 EecE ez et

Current 028 | 9972 [ 9915 | 38.61 [ 10.83 | 0.00

Last Week

7aa01 3 0.35 | 9965 [6112 (1825 | 7.58 | 0.00

3 Months Ago
4102012

Start of
Calendar Year | 14.83 | 8517 (7870 | 5055 | Zrda | 3.78
132012
Start of
Water Year 0.00 |100.00(100.00(100.00] 78.97 | 66.42
72011

fk_fl_ One YearAgo | 0y |400.00|98.46 | 76.84 | 56.04 | 42.94
TA22011
|

G653 | 3347 (1837 | 972 | 335 | 0.1

Intensity:
DO Abnomalby D ry - D3 E xtreme D ought

D1 M oderate Drought - D4 E xceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale conditions.
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:

Richard Tinker

CPC/NOAA/NWS/NCEP

USDA q-
= m"\ﬁm@%

http ://[droughtmonitor.unl.edu/




U.S. Drought Monitor July 17, 2012
Released Thursday, Jul. 19, 2012
Oklahoma e aar am st

Drought Conditions (Percent Area)

Mone | DO-Dd | D1-Dd | D2-D4 RS el S

Current 0.00 |100.00(99.61 | 64.21 [ 15.48 | 0.00

Last Week

70,2012 028 | 9972 (9915 | 38.61 [ 10.83 | 0.00

3 Months Ago
49722012

Start of
Calendar Year | 14.83 | 8517 (7876 | 5055 | Z¥ 48 | 378
13/2012
Start of

Water Year 0.00 | 100.00{100.00(100.00( 78.97 | 66.42
72011

7494 | 2506 (1500 | 978 [ 336 | 000

One YearAgo | 5nq |4ppoo|0990 | 7684 | 58.04 | 4203
TAS2011

Intensity
D0 Abnomally Dy - D3 Extreme D rought

D1 M cderate Drought - D4 Exceptional Drought

D2 Severe Drought

The Drought Monitor focuses on broad-scale condtions.
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:

Richard Heim
NCDC/NOAA

http://droughtmonitor.unl.edu/




U.S. Drought Monitor July 24, 2012
Released Thursday, Jul. 26, 2012
Oklahoma e aaram st

Drought Conditions (Percent Area)

Mone | DO-Dd | D1-Dd | D2-D4 RS el S

Current 0.00 |100.00(99.90 | 91.24 | 5038 | 271

Last Week

S 0.00 |100.00(99.61 | 64.31 [ 1548 | 0.00

3MonthsAgo | 74 g4 | 2505 | 1500 | 978 | 327 | 0.00
42420912

Start of
Calendar Year | 14.83 | 8517 (7876 | 5055 | Z¥ 48 | 378
13/2012

Start of
Water Year 0.00 [100.00{100.00(100.00| 78.97 | 66.42
7.20 1

One YearAgo | oy |1p0.00{100.00| 95.45 | 57.69 | 52.20
TREA2011

Intensity:

D0 Abnomally Dy - D3 Extreme D rought

D1 M cderate Drought - D4 Exceptional Drought

D2 Severe Drought

The Drought Monitor focuses on broad-scale condtions.
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:

Richard Heim
NCDC/NOAA

http://droughtmonitor.unl.edu/




U.S. Drought Monitor August 14, 2012
{(Released Thursday, Aug. 16, 2012)
Oklahoma Valid 7 am. EST

Drought Conditions (Percent Area)

Mone | DO-Dd | D1-Dd | D2-D4 RS el S

Current 0.00 |100.00{100.00(100.00( 94,59 | 38.86

Last Week

aTa012 0.00 |100.00(100.00(100.00( 96.78 | 16.03

3MonthsAQo | 76 93 | 2307 | 1268 | 934 | 354 | 0.00
5952012

Start of
Calendar Year | 14.83 | 8517 (7876 | 5055 | Z¥ 48 | 378
13/2012

Start of
Water Year 0.00 [100.00{100.00(100.00| 78.97 | 66.42
7.20 1

One YearAgo | 40 |400.00|10000| 9535 | 8539 | 66.84
862011

Intensity:

D0 Abnomally Dy - D3 Extreme D rought

D1 M cderate Drought - D4 Exceptional Drought
D2 Severe Drought

The Drought Monitor focuses on broad-scale condtions.
Local conditions may vary. See accompanying text summary
for forecast statements.

Author:

Michael Brew er
NCDC/NOAA

http://droughtmonitor.unl.edu/
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U.S. Drought Monitor

Oklahoma

May 5, 2015
{Released Thursday, May. 7, 2015)
Valid 7 am. EST

Drought Condifions (Fercert Area)

Mone | DO-D4 | D1-D4 | D2-D4 EskEE]

Cument 2824 | 7076 | 59.05 [ 4619 [ 17.95 | 4.03

Last Week

PR 30.08 | B9.92 | 59259 [ 47.51 | 24.34 | 413

3 Months Ago
28205

Start of
Calendar Year | 25.63 | 74.37 | B62.03 | 4084 | 21.74 | 570
1230204
Start of

Water Year .55 | 91.45 [ 7331 [ 5813 | 2092 | 4.64
30014

503 | 9497 [63.11 | 4534 | 2253 | 569

One Year Ago GET | 93.33

0065 | B5.94 | 48.86 | 29.85
B0

Infansify
DO 2brnommally Dy - D3 Extreme Drought

D1 Moaoderate Drought - D4 E xceptional Drought

D2 Severs Drought

The Drought Monitor focuses on Broad-scale condbions.
Local conditions may vary, See accompanying text sumimanys
for forec ast staterments.

Author:
Mark Svoboda

MNational Drought Mifigation Cenfer

http ://droughtmonitor.unl.edu/




U.S. Drought Monitor May 12, 2015
elease ursday, May. 14, 201
Oklahoma e 40

Drought Gonditions {Percent Area)

Mone | DO-Dd | D1-Dd4 | D2-Dd EBXERE RS-}

Current 3066 | 8034 | 4730 (2452 | 72 | 0.00

Last Week
S/201 5

2824 | 7076 | 50.05 [ 4610 [ 17.85 | 4.03

3Months Ago | 4 45 | g5z |65.04 | 4554 | 2281 | 575

24042075
Start of
Calendar Year | 2565 | 74.57 |862.03 | 4084 | 2174 | 570
LT el
Water Year &85 | 45 [ ¥3.531 | BBE13 [ 2002 | 464
BSR/20 14
oA One YearAgo | ooy | o146 |75.00 | 64.46 | 50.06 | 30.43
4352014
— Intansity:
S \ D8 Abnomalty Dy - 03 Extrame Draught
| 01 Mederate Drought - 04 Execgptional Drought

D2 Savars Draught

The Drought Monitor focuses on broad-scale conditiona.

‘U'Il Local conditfons may vary. See accompanying text summany
for forecast statements.

Author:
Mark Svabada

Mationaf Drought Mitigation Centar

USDA ;;;;@
G N

http :/droughtmonitor.unl.edu/




U.S. Drought Monitor May 19, 2015
Released Thursday, May. 21, 2014
Oklahoma e s a7

Drought Condifions (Fercert Area)

Mone | D0-D4 |D1-D4 | D2-D4 [lRERsr ST
Cumrent 4319 | 5081 #1894 | 898 | 0oo | oo
Last Week
O s 3066 | 6034 | 4739 | 2452 | 372 | oo
3MonthsAgo | 4 4o | 9o en G504 | 4554 | 2281 | 575
272095
Start of
Calendar Year | 25.63 | 74.37 | 62.02 | 4084 | 21.74 | 570
12502074
Start of
- Water Year | £.55 | 91.45 [73.31 | 5813 | 2082 | 464
So02014
r‘| /-| OneYearAgo | - 7o | o457 | 9106 | 72.26 | 6124 | 3425
S04
Iy Infensify
| \ DO 2brnommally Dy - D3 E xtrem e Drought
| D1 Moaoderate Drought - D4 E xceptional Drought

D2 Severs Drought

The Drought Monitor focuses on Broad-scale condbions.
LL/T Local conditions may vary, See accompanying text sumimanys
for forec ast staterments.

Author:

Brad Hippey
U S Deparfment of Agriculiure

USDA @
G N

http ://droughtmonitor.unl.edu/




U.S. Drought Monitor May 26, 2015
Released Thursday, May. 28, 20154
Oklahoma e s a7

Drought Condifions (Fercert Area)

Mone | D0-D4 |D1-D4 | D2-D4 [lRERsr ST
Cumrent 77.31 | 2269 | 274 | 0oo | ooo | oo
Last Week
s 4319 | 5081 (4194 | gea | oon | oo
3MonthsAgo | 4 4o | 9o eo G555 | 446 | 27.80 | 575
258242095
Start of
Calendar Year | 25.63 | 74.37 | 62.02 | 4084 | 21.74 | 570
12502074
Start of
- Water Year | £.55 | 91.45 [73.31 | 5813 | 2082 | 464
So02014
" /-| OneYearAgo | - 75 | o457 | 7004 | 7226 | 55.04 | 26.47
SEra0id
L Infensify
| \ DO 2brnommally Dy - D3 E xtrem e Drought
| D1 Moaoderate Drought - D4 E xceptional Drought

D2 Severs Drought

The Drought Monitor focuses on Broad-scale condbions.
LL/T Local conditions may vary, See accompanying text sumimanys
for forec ast staterments.

Author:
Brad Hippey
U S Deparfment of Agriculiure

USDA ;;;1,';“.‘1‘3
G N

http ://droughtmonitor.unl.edu/
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0.45 | site: marena ROl: GR_0001 v4

0.40 -

* Flash drought period begins with a very low GCC compared to the same time in
other years and falls to ~.30 by the peak of the drought.

* The flash recovery period is harder to pinpoint a substantial change in the GCC given
the green up due to the start of the growing season.

* However, during the flash recovery the slope of the GCC curve is very steep
suggesting a very quick vegetation growth.



Long-Term Averages
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Long-Term Averages
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Long-Term Averages

20

10

delta F

-10

-20 I

-30

Jan 1 Feb 1 Mar 1 Apr 1 May 1 Jun 1 Jul L Aug 1 Sep 1 Oct 1 Nov 1 Dec 1

[. Marena Average Maximum Air Temperature, 2015 departure from average (delta F)]

) Mesonet




Soil Moisture (%)

2012 and 2015 Soil Moisture from COSMOS at Marena
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Penetration depth 15-83 cm (Kohli et al. 2015)
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Long-Term Averages
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— Marena Average 24-inch Fractional Water Index, 2012, smoothed (fraction)
— Marena Average 10-inch Fractional Water Index, 2012, smoothed (fraction)
— Marena Average 2-inch Fractional Water Index, 2012, smoothed (fraction)




Long+Term Averages
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— Marena Average 10-inch Fractional Water Index, 2015, smoothed (fraction)
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Evaporative Fraction
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Evaporative Fraction for 2012 and 2015 at Marena
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Water Use Efficiency for 2012 and 2015 at Marena
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Flash Drought Timeline

*No drought

eAnomalously warm
and dry period

eSoils start to dry

e Early rainfall increased
shallow soil moisture
but not deep soil
moisture

* EF increases

e WUE decreases

¢ Rainfall ends

e Temperature anomaly
increases

e Moderate drought sets
in

¢ \Vegetation still
appears healthy based
on GCC

* No rainfall occurs

e EF falls to about .2

e Temps ~10 degrees
above normal

* Soil moisture goes
from 20% to 5% and
FWI below .2 for all
depths

* Moderate drought
transitions to severe
and then extreme

e GCC starts to decrease

¢ WUE increases

e Ecosystem collapsed
e Exceptional drought

¢ 6 inches of rain below
normal

¢ 15 degrees above
normal

¢ Soil moisture at 5%
eEF~.1
e WUE very high



Flash Recovery Timeline

e Severe drought

e GCC~.35

® 2.62” rain

® Below normal temps

¢ Soil Moisture rose
from 12% to 25%

e EF increases to .7

* WUE low for the entire
period

¢ Severe/Moderate
drought

®1.79” rain
* Below normal temps

¢ Soil moisture stayed
around 25%

e Moderate
drought/abnormally
dry

¢ 2.82” rain

e Up to 20 degrees
below normal temps

¢ Soil moisture stayed
around 25%

e EF increased to .8

* Drought is gone

* \Vegetation healthy

¢ 4.09” rain

® Below normal temps

¢ Soil moisture rose to
over 30%



Flash Drought Conclusions

Flash drought occurred from anomalously low precipitation.

— This led to a negative feedback loop by reducing vegetation health,
which led to lower latent heat flux and increased sensible heat fluxes
that induced higher temperature anomalies.

A recharge in shallow soil moisture helped to increase ET rates and
deplete deeper soil moisture before flash drought occurred.

— This recharge resulted in low WUE values

EF fell below .5 during flash drought signaling a decrease in latent
heating and an increase in sensible heating.

Flash drought resulted in greater WUE as conditions became more
water scarce



Flash Recovery Conclusions

Flash recovery occurred as a result of anomalously high

precipitation.

— Created anomalously low temperature that reduced evaporative
demand.

Flash recovery was not as substantial as the flash drought
period. However, there was still 3 drought class changes
(Severe = None) in less than a months time.

EF rose above .5 during flash recovery.

Precursor to flash recovery is much more difficult to deduce
than flash drought as it is more atmospherically driven.

Very different warm season ecosystem compared to flash
drought year, as a result of moist conditions



Thanks for your attention!

Questions?



