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The 2012 U.S. Great Plains Flash Drought

U' S' D r o ug h t M on i tor (Refeas:\: g‘:{rsg.,iy,zﬂ?alz‘m, 2012)

Valid 8 a.m. EDT

Extreme drought (D3) rapidly
developed over the central U.S.
between June and August

r~ Delineates dominant impacts

S = Short-Term, typically less than
6 months (e.g. agriculture, grasslands)

amemeemes Economic losses > $30 billion
s o (NCDC 2019)
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Drivers of the 2012 flash drought:

Temporal evolution of event (averaged over 33-50N)

Precip. 2m temp. Root zone

anomaly anomaly SM Z-score
Aug31 \ ~ : : N
2012

Aug15 A

AugO01

rapid intensification
of drought ™'

Jun15 4

Jun01 4

moderately dry
land conditions
develop Mayo1

May15 -

3-2-1 1 2 3 —6-4-2 2 4 6 -15-1-05 051 15
(mm/day) (K) (unitless)

(from MERRA2, anomaly relative to 1999-2015)



Drivers of the 2012 flash drought:

Temporal evolution of event (averaged over 33-50N)

Precip. 2m temp. Root zone V wind 200 Geo. ht. 200
~anomaly ~anomaly SMZ-score = hPaanomaly _hPaanomaly
AN : v
Aug15 o - : ' . ! 6—— ' . -
v North North
AugO01 b - ]
America America
—TE e \\
rapid intensification — atmospheric
of drought ™' - ridge
Juni5 : e:dl%“
& q\\’dQ )
Junot v source of] | g |
moderately dry _ ‘ ctability \
land conditions "] . ' N i
develop vagor L b | i l a V
,\é’)& q§\ ’\°$\ ,\0‘3$ Q>°$ ’\"3$ ,\6°$ 0@\09@ ,39$ ,\09*\ Q>°$ &
T T2 SO i T s e e T s ey
(mm/day) (K) (unitless) (m/s) (dam)

(from MERRA2, anomaly relative to 1999-2015)
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2012

Aug15 -

AugO01 A

Jul15

land-atmosphere ”
feedbacks —»

Jun15 1

Jun01 1

moderately dry
land conditions
develop Mayo1

May15 -

Drivers of the 2012 flash drought:

Temporal evolution of event (averaged over 33-50N)

Precip. 2m temp. Root zone V wind 200 Geo. ht. 200
| anoni1'ally anomaly ~ SMZ-score  hPaanomaly __hPaanomaly

AT

l_‘

r',.' patential source ‘ P
-predictability ! \3
. [ | g " 4
"X 4
: » 1 » . . : J ) ‘. PI l. L. .' N
& & A F S & SE & & & & & & &
TR O LT T T s e,
(mm/day) (K) (unitless) (m/s) (dam)

(from MERRA2, anomaly relative to 1999-2015)



Prediction of the 2012 flash drought

ATA U.S. Seasonal Drought Outlook @
Drought Tendency During the Valid Period V

Valid for May 17 - August 31, 2012

Released May 17, 2012 o

Operational seasonal forecasts did not

| predict the drought

‘ w7l «—— CPC drought outlook for the summer of 2012
/ ; based, in part, on dynamical models initialized
(0t once per month

Could the drought have been predicted with subseasonal-to-seasonal
(S2S) forecast models initialized on a weekly basis?

Potential sources of S2S prediction skill for flash drought:
1. Land (soil moisture) — accurate initialization and physics
2. Rossby wave trains — potential week 2-3 prediction of drought




S b X Subseasonal EXperiment Project - collection
U of global forecast systems for S2S prediction

Years of
forecasts (1999-2015)

Initialized every Ensemble members per week
DAV Forecast length of days

GOAL: To assess the S2S prediction skill of the 2012 drought in SubX
S2S prediction — ~3-4 weeks in the future, 1-2 week averages
Evaluate forecasts against MERRA-2 reanalysis, focusing on P* and T2m




Prediction skill for rapid drought intensification, example model/initialization:

Precipitation anomaly, Jun 24-Jul 7, 2012 (mm/day)
MERRA?2 GEOS week 3-4 fcst, iniuun 10

50°N -

40°N A
4-mem.
30°N - . \ g \ ens. mean
\ AN
0°W - \o"w 70°W

50°N -

40°N

30| AN : ' g . ens. meant

[ LY :
70°W




Prediction skill for rapid drought intensification, example model/initialization:

Precipitation anomaly, Jun 24-Jul 7, 2012 (mm/day)

- MERRA2 | GEOS week 3-4 fcst, init'.iun 10
Average anomalies ol 4 > T R ' L
over this region and A
evaluate the 05
temporal evolution ‘ ' ‘
of the event 30°N1 : : ; ens. mean

2m temperature anomaly, Jun 24-Jul 7, 2012 (K)

GEOS week 3-4 fest, init. Jun 10
X -

50°N 1

40°N -

4-mem.
ens. meant

30°N -

70°W




Week 3-4 forecast regional-mean anomalies during summer 2012:

Precip. anomaly (mm/day)

1
MERRA2+ I . N 5

MMM - N P

1.5

46LCESM1 - -

GEM-A L Ho0.5
EIM 0.25
. SSCC8o0SRS 79%
GEOSA init. date»§§§§§§§§§ L Ll o5

CFSv2- Nk
15

ESPCH - B o
CCSM4 | W-2.5

Q\ 6I \I <3I 0’\ ] 6I 0‘\I 6I (b\
A Q Q) \ N A
@’&* @'&\\ 56(\ 5\)(\ W ?&g V\)g ?&Q

Forecast date in 2012

Skill is overall not great but some models/initializations are more skillful.

2m temp. anomaly

(K

[ ] [ ] [ ] [ ]
MERRA2+ .
MMM+
46LCESM1 -
GEM-
FIM=-
~ o= oLoHO
CFSv2-
ESPCH
CCSM4-
0\ ,\6I Q ] \6I \Q\I \;\6I 0\I )\6I (b\
@'&* @’8\ 5\)(\ 3\)(\ W ?\\Q ?‘\)g V\)Q

Forecast date in 2012

What factors contribute to the more skillful predictions?



Does the accuracy of soil moisture initialization influence the prediction skill?

Compare bias in soil moisture anomaly at the start of a forecast with
corresponding bias in week 3-4 forecast
4 models, June-July initializations, 3 central U.S. flash droughts (regional means)

Bias in week 3—-4 P anomaly (mm/day)

-3 -

CCSM4
FIM
GEFS
GEOS

vs. soil moist. day 1 bias (x)

r=0.88

0 2006
O 2011
O 2012

Precip. forecast bias (y)

it

-1 -075 -05 -025 0 025 05 075
Bias in day 1 VISM Z-score (unitless)

T
1

Bias in week 3-4 T2m anomaly (K)

|
—
|

|
\V]
|

2m temp. forecast bias (y)
vs. soil moist. day 1 bias (x)

—

r=-0.8

Implications:

I
-1

T T T T T T T
-0.75 -0.5 -0.25 0 025 05 0.75

Bias in day 1 VISM Z-score (unitless)

T
1

Larger bias in initial SM = larger bias in week 3-4 forecast

1) Importance of
accurate SM
initialization

2) Importance of
land-atmosphere
feedbacks

3) Large spread in
SM initialization
accuracy

1) and 2) supported with
larger-ensemble controlled
NASA GEOS simulations



Rossby wave train is sufficiently predicted in some models/initializations

V wind at 200 hPa anomaly (m/s)

MERRA2 GEOS init. Jun 10
0] W | 17T | | |
35-mem.

Julo1 - 1 €ens. mean
Jun25 o
Jun20 o l . . \
Juni5s - T -

\(79(0 \‘b§ \Q/Q$ ‘23Q$ ,\QS

[ [
-18 -15 -12 -9 -6 -8

Wave train development well predicted

Geo. ht. at 200 hPa anomaly (dam)

MERRA?2 GEOS init. Jun 10
JUIOS 1 1 1 1 1 1 1 1
2012
35-mem.
Julod - - 1 ens. mean
‘ North
| —p
America
Jun25 - '
Jun20 -
Junis T T - T T
\‘7’0((/ \‘bg$ \Q'Q$ ‘bg& Y, NZ (°Q$
e I  —
-14 -12 -10 -8 —|6 —|4 —|2 J
A a

Wave train propagation and ridge over North
America reasonably predicted



Recap: Sources of prediction skill for the 2012 extreme heatwave
1. Land initialization, 2. Rossby wave train

2m temp. anomaly for Jun 20 —Jul 9, 2012 (K)

50°N -

40°N A

307\

MERRA2

130°W

0 vy

prediction skill =™
from land
initialization and

—

Rossby wave train *™

\% @ -
35-mem. _
gns. mean
136°vv 1od°vv 705vv
I | [ [ o

prediction skill
from land
initialization only



Conclusions

* Two key factors contribute to skillful predictions of the 2012 Great Plains
flash drought in SubX models:
1. Accurate soil moisture initialization
2. Quasi-stationary Rossby wave train prediction

e Findings can be generalized to summer flash droughts in the central U.S.

e Results offer hope for the S2S prediction of extreme temperature
anomalies associated with flash drought, but the prediction skill of
precipitation is low and needs further study.

e Important implications:
e Land initialization approach matters and needs revision in some SubX models.

e Rossby wave trains can be predicted in some S2S forecast systems, but we do not
fully understand why. More research needed on their sources and predictability.
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What is a flash drought?

* Drought that develops over a short period of time (weeks to a few
months)

* Drivers:
e Substantial precipitation deficits (Koster et al. 2019)

e High evaporative demand: warm temperatures, low humidity, sunny skies,
strong winds (Otkin et al. 2018)

* Consequence: Rapid decline in soil moisture



The 2012 Central U.S. Flash Drought
Impacts

Pct. departure from trend yield

Historical Departures From Trend Yields for U.S. Corn

1866 to date
0% T
.
20% + &
% PS * .
o :. % . s
1 P’ . *
10% o2 s et e, :.* ’.s ¥ &
*, % o ‘o *o
® . T s ’,. ¢ o "0 &
0% --:-.-::'*-:-'- * Q‘—oh—! 00':
1845 1860 1875 18@ 19054 Qﬂ) 1986, 1956 1965 ﬁBO 19@ 2010 2025
b ¢ * ‘0 & ¥ 0 AW
0% 1 i B s *
* . .
.’ LS " * °
2% T ® 2';%‘; L 1983 o 2012
' 21.9% 22.5%
;ﬁ:‘. 1934 @@ 1936 B
30% + ' 1901 @ 258%  26.2% 23.4%
29.5% .
Economic loss:
4 Yield data adapted from USDA-NASS ° °
mo/o 201 2trend yield = 159 bpa Year > $30 bllllon

2012 est. as of Aug 2012 =123 bpa

(source: Hoerling et al. 2013, Assessment Report)




Model
CESM-46LCESM1

ECCC-GEM**
EMC-GEFS**
ESRL-FIM
GMAO-GEOS
NCEP-CFSv2*
NAVY-ESPC
RSMAS-CCSM4

Institution(s)
NCAR, NOAA/ESRL

ECCC, Canada
NCEP/EMC
NOAA/ESRL
NASA/GMAO
NCEP

Naval Research Lab
NCAR, U. Miami

SubX models

H
Members
10

4
11

4
4
1
1
3

Forecast
Length
45 days

32 days
35 days
32 days
45 days
44 days
45 days
45 days

* Operational models
* Uncoupled models

Hindcast
Initializations
Every Wednesday 1999-2015

Every 7 days 1995-2014
Every Wednesday 1999-2016
Every Wednesday 1999-2017
Every 5 days 1999-2016
Every 6 hours 1999-2017

4 days/week 1999-2016
Every 7 days 1999-2016



GEOS model details

e AGCM: Post-MERRA2 generation, 0.5 degree, 72 hybrid
sigma/pressure levels

e Catchment land model
e OGCM: MOMS5, 0.5 degree, 40 levels
* Sea Ice: CICE-4.0

* |nitialization of hindcasts:
e Atmosphere and land: MERRA2 at 217 previous day
e Ocean: Ocean Data Assimilation System (ODAS) output
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Correlation

P anomaly correlation, regional mean

T2m anomaly correlation, regional mean
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Prediction of quasi-stationary Rossby wave in SubX

Anomaly of V wind at 200 hPa in summer of 2012 (m/s)

GEFS FIM GEOS
MERRA2 init. Jun 13 init. Jun 13 init. Jun 10
Julos - - = . - - - . o . -
2012 U U v

Julo1

—— m ———

Jun25 -

———— ——
e
———— —
- e

T T
1 1
—

Jun20 A

-

J—
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~
-
T
1 1
-—_ >
—_——— - =

’
"~

-~
-~
b —

Juni5 - - T T T
% N N N\
Q <
X U & S s Sy
B L I — [ [ [ [ I [
-18 -15 -12 -9 — -3 6 9 12

Initial development well simulated, but propagation to NA too slow in some models



Additional support from GEQOS

* We perform additional hindcasts with the NASA GEOS model for the
summer of 2012 to supplement the analysis.
* Two experiments:

e CTL — 35 members with full land-atmosphere-ocean initialization (i.e.,
SubX+31 members)

 noSFC — 35 runs where the land is initialized from a different year in each run

e Important results:

1. Confirm that land initialization is important for skillful prediction of the
2012 drought. In the noSFC runs, forecasted anomalies are near-zero.

2. Rossby wave train development (and propagation) is reasonably predicted
in both experiments when GEQOS is initialized after June 8, 2012.




Q: How important is land initialization for forecast skill?

A: Very important. GEOS runs support results from SubX ensemble.

Central U.S. regional mean, 7-day running mean

P anomaly (mm/day)

T2m anomaly (K)

MERRA2- MERRA2- I | observed
May21, CTLH | | | | 25 May21, CTLH || | | 5
mayzs, e [ 0] | [ ] ] ) vayze,ctiq | [ B [ [ ] s CTL hindcasts —
init. May31, CTL~ PR May31, CTLA RN . . .
Jun05, CTLA D T T 0 15 Jun05, CTL- [T ] | | ] 3 robust precipitation and
date  uunto, TS T T T T 177 1 Jun10, CTL- [ ] HER » li

Junts, OTLA T T TI0 T] Junis, CTL | T temperature anomalies

Jun20, CTLA | [ ] ] ] 0.5 Jun20, CTLA | 1 predicted

Jun2s, CTLA 0.95 Jun2s, CTLA | 05
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May21,noSFC{ | | | | | | | ~%° May21, nosFCo || | [ -
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Jun15, noSFC B IR ,  Jun5,noSFC INEEEEN . diminsh to zero after 2
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Temporal evolution of V wind at 200 hPa
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