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Background: Some Recent Droughts in US
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Background

Drought Monitoring and Hydrologic Forecasting with VIC

As of 2012/05/01, CFS forecasts are switched to CFSv2. Hover mouse on items to see more info.

Preduct/DateVariable {click to change Timeline {click & hower to change

Monitoring validated < |[2013/02/28 v || > |for ® Soil Moisture O Snow O Streamflow O Precipitation 2012/12/13
Forecast initialized | < |[2013/02/01 +|| > |for O Soil Moisture O Drought Probability 2012/12/20
2012/12/27

vﬂﬁ'.“ffﬁmf Total Column Soil Moisture Percentiles for 2013/02/28 Preceding 2013/01/03
based on VIC Simulations forced with NLDAS-2 Manitoring 2013/01/10

{w.r.t. samples within a 49—day window in 1951-2004) 2013/01/17

2013/01/24

' 2013/01/31

Forcast CFS CBC ESP Verif
2013/02 05mo 05mo 05mo 0.5mo
2013/03 15mo 15mo 15mo 1.5mo
2013/04 25mo 25mo 25mo  2.5mo
2013/05 3.5mo 35mo 35mo  3.5mo
2013/06 45mo 45mo 45mo 4.5mo
2013/07 55mo 55mo 55mo  5.5mo

Monitoring from other centers:
Hus Drought Monitor
uscs Streamflow/Drought
= cPc Drought Severity

= CPC Soil Moisture

T3 UW Surface Water Manitor
[ NLDAS Drought Monitor

Contours show the changes in quantiles in the past 7 days.
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The Challenge

How can we provide useful (skillful) forecasts of
drought recovery that would include meteorological

drought, agricultural drought and hydrological

drought?

(i) Using dynamical seasonal forecast models
(ii)) Using ESP: “Ensemble Streamflow Prediction”
approach based on historical analogues
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Drought Monitoring and Hydrologic Forecasting with VIC
"~ owcastporocast | sorcallrougnshimicost | Documontzion | ooutropraeet | |

Froduct/lateariable (change on click)

As of 20120501, CFS forecasts are switched to CFSv2. Hover mouse on items to see more info.

Monitoring validated 2012/0913 M for O Soil Moisture O Snow O Streamflow G‘F‘recipitatinn

Forecast initialized [ < ][ 2012/08/01 [v| [ > | for @ Sail Moisture O Drought Prabability

March 2013 initialized 3/1/2013

Timeline (change on hower)

20120607
20120614
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vﬂ‘:’.{fﬁfgﬁ-’\ﬁoml Column Soil Moisture Percentiles (Ensemble Median) for 2013/03
based on CFSv2-VIC Forecasts initilized on 2013/03/01
(w.r.t. samples within a 49-day window in 1951-2004)

Contours show Interquartile Range of ensemble members.
1 5 10

May 2013 initialized 3/1/2013

vs‘,‘;’,‘:ﬁﬁ:ﬂf‘ﬁotul Column Soil Moisture Percentiles (Ensemble Median) for 2013/05

based on CPC-VIC Forecasts initilized on 2013/02/01
(w.r.t. samples within a 49-day window in 1951-2004)

Contours show Interquartife Range of ensemble members.

July 2013 initialized 3/1/2013

vs‘;’gff;}‘fﬁ‘ﬁotnl Column Soil Moisture Percentiles (Ensemble Median) for 2013/07
based on CFSv2-VIC Forecasts initilized on 2013/02/01
(w.r.t. somples within o 49—day window in 1951-2004)

Verificatiormrorvrar zursTorecast

NOAA'’S forecast model didn’t hold drought condition

ws“;ﬁ'fﬂ,‘if Monthly Average Total Column Soil Moisture Percentiles for 2013/03
based on VIC Simulations forced with NLDAS-2
(w.r.t. somples within o 49—day window in 1951-2004)
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vﬂi’.’{fﬁ:m’ Monthly Average Total Column Soil Moisture Percentiles for 2013/05
based on VIC Simulations forced with NLDAS-2
(w.r.t. samples within o 49—day window in 1951-2004)

S. 95 99
vermcation of July 2013 forecast

1Y Monthly Average Total Column Soil Moisture Percentiles for 2013/07
based on VIC Simulations forced with NLDAS-2
(w.r.t. samples within o 49—day window in 1951-2004)
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ESP Technique

ESP scenario (ensemble) simulation uses current hydrologic
states with resampling historical or forecast meteorology

Starts the model at current model states
Resets to the current model states for each year
Each simulation begins with the same conditions

Conditional
Set Ensemble 1
Current . Wm”w

| _conditions | simulation

Reset = Ensemble 2
Current —* et —
|_conditions | simulation

Ensemble 3
Current I Wmﬁh
conditions | simulation
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ESP Approach

Perfect retrospective | Ensemble of met data (from forecasts

met data to generate or historical record) to generate
perfect ICs ensemble forecasts

Spin-up Forecast Window: 1 to 6 months

é , rec ast

7
hydrologic \\\ \,_\
state Initial N Obs
Conditions ‘

(ICs)
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ESP Technique = Risk Assessment

Flow

L ow chance of this

Future / level flow or higher

Medium chance of
this level flow or
higher

High chance of this
level flow or higher

Time
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Application: Recovery from the 2012 USA drought
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Soil Moisture percentile for January 2013.
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100
. ¥0.5 mon lead 9 3.5 mon lead ' Applying ESP for Drought
o o) Recovery
40 . ..:.'.
" : '._“ - 1. Using current hydrologic
%’ R R conditions (soil moisture from
S ®» 1.5 mon lead o 4.5 mon lead ., January 2013), run ESP
% 80 ..-.‘..' scenarios using historic
(T _ . meteorological forcings (50
% 40 _ e years).
k% 2 A ‘ : 2. For specific forecast lead
§ Y gvill A times, convert soil moistures
= %y 2.5 mon lead r 5.5mon lead . . values (for a location or
A 8o i region) and cumulative
60| ) cot precipitation amounts to
20l . ..]:‘&" . percentiles.
ol G B . ) 3. Fitjoint probability
PR ' distributions using copula
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Cumulative Precipitation Percentiles
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Copula for Constructing Joint Distribution

Sklar’s theorem:

I:x Y (X’ y) — C(Fx (X)’ FY (y))

Fy v joint CDF

Fy marginal CDF of X
F, marginal CDF of Y
C copula function
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80: 0.5 mon lead “ 3.5 mon lead j Applying ESP for Drought

108 . . .
precipitation.

60 r Recovery
40 '
o e . 4. Fitting a joint distribution to
S 0‘ 3 the ESP simulations results in a
C 100 . . .
o 1.5 mon lead smooth distribution that
o % provides an estimate of
QG'J %0 recovery (above a drought
5 40 threshold) and the uncertainty
-'-J . e, e
.g 20 ol (risk) of recovery conditioned
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Copula provides probability of drought recovery
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¢ ESP Ensemble
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Median precipitation percentile for recovery (red: irrecoverable)
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Recovery probability % at median precipitation (red: irrecoverable)
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A method has been developed and tested that provides a probabilistic
assessment of agricultural drought recovery based on ESP;

This allows for quantifying the risk, which can help agricultural decision
making;

The approach can be augmented to include forecasts during drought
events related to crop yield, streamflow, stream tempertures, or
reservoir levels.
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[1] A probabilistic framework is proposed to explore drought [3] Drought management would benefit greatly if more
recovery and its uncertainty based on any ensemble forecast. risk-based information is available on how a region in
First, the joint distribution between precipitation and drought  drought may recover [Karl et al., 1987], e.g., the likelihood
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