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Drought is complicated

* In different time scales: * In different drivers:
* long-term drought * Meteorological drought
* short-term drought * Hydrological drought
* flash drought * Agricultural drought

* Ecological drought

: . * social-economical drought
* In different impacts:

* Streamflow * |n different monitors:
* reservoir water level « Human expert
* vegetation synthesize/blending

* ground water * Objective integration



Great Challenge : objective, science-based integration for merging/blending
multiple drought information sources ( Wood et al 2015 JHM)
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This map approximates impacts that respond to precipitation over several days to
a few months, such as agriculture, topsoil moisture, unregulated streamflows, and
most aspects of wildfire danger. The relationship between indicators and impacts
can vary significantly with location and season. Do not interpret this map too literally.

This map is based on preliminary climate division data. Local conditions and/or
final data may differ. See the detailed product suite description for more details.
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Inputs (as percentiles):

25% Palmer Hydrologic Index
20% 24-Month Precipitation
20% 12-Month Precipitation
15% 6-Month Precipitation
10% 60-Month Precipitation
10% CPC Soil Moisture Model

Western Formulation

Inputs (as percentiles):
30% Palmer Hydrologic Index
30% 60-Month Average Z-Index
10% 60-Month Precipitation
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This map approximates im pacts responding to precipitation over the course of several months to a few
years, such as reservoir content, groundwater, and lake levels. HOWEVER, THE RELATIONSHIP
BETWEEN INDICATORS AND WATER SUPPLIES CAN VARY MARKEDLY WITH LOCATION,
SEASON, SOURCE, AND MANAGEMENT PRACTICE. Do not interpret this map too literally.
This map is based on preliminary climate division data. Local conditions and/or
final data may differ. See the detailed product suite description for more details.

* Integrated drought index (Mo and Lettenmaier 2014): SRI3 and SMP from NLDAS2 4 models, occurrence measure
* Optimal blended NLDAS drought index ( Xia et al. 2014):
* UC Merced and DRI, multi-indicator Drought index (MIDI) => CPC expert weight

« NDMC high resolution blending => CPC expert weight

OBNDI = 0.6253SM1 + 0.0253SMT + 0.0033ET

+0.000010. (10)



NDMC recent revised of CPC blending (expert weights)

NDMC Short-

CPC Long-Term

NDMC Long-Term

CPC Long-Term

NDMC Long-Term

CPC Short-Term Term Western Western non-Western non-Western
Palmer Z index (35%) 1-month SPEI PHDI (30%) 9-month SPEI PHDI (25%) 9-month SPEI
(35%) (30%) (25%)
3-month nClimDiv 3-month SPI 60-month Z index 60-month SPEI 24-month nClimDiv 24-month SPI
precipitation (25%) (25%) (30%) (30%) precipitation (20%) (20%)
I-month nClimDiv I-month SPI oU-month nChimDiv 60-month SPI 12-month nClimDiv 12-month SPI
precipitation (20%) (20%) precipitation (10%) (10%) precipitation (20%) (20%)
CPC soil moisture Noah 0-100-cm |24-month nClimDiv ~ 24-month SPI 6-month nClimDiv 6-month SPI (15%)
(13%) soil moisture precipitation (10%)  (10%) precipitation (15%)
(13%)
PMDI (7%) 9-month SPI 12-month nClimDiv 12-month SPI 60-month nClimDiv 60-month SPI
(7%) precipitation (10%) (10%) precipitation (10%) (10%)

CPC soil moisture
(10%)

Noah 0-200-cm sofl

moisture (10%)

CPC soil moisture
(10%)

Noah 0-200-cm soil
moisture (10%)

replace:

Palmer Z =>SPEI1, PMDI=> SPEI9 and PHDI =>SPEI9 CPC SMP => Noah SMP

9-mon, 12-week time scale mismatch

Overweight SPEI (over 60% in the west region)
Underweight soil moisture (48% => 13% )
remove hydrological drought, in particular west region (25%-30%)




Mutual Information (MI) analysis for the NDMC revised blends
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[c] Modeled runoffs
and streamflows

namely

observation-based (blue), model-based (red) and

remote sensing-based (green).

in Table 1,

Runoff > streamflow moderate
subsets

contribution
* Vegetation based weak contribution

e Satellite PRCP < Gauge based PRCP
e SPEl strong contribution, eq. SPI
SWE also weak contribution

EDDIs weak contribution
* SM/Land water strong contribution

out in other indicators

* SPI~=PRCP strong contribution (peak
6-12 mn)

* PMDI/PHDI strong contribution, stand
e CPC leaky ~advanced LSM > GRACEDA

Figure S6. Frication Information (Fls) for indicators

grouped into subplots by indicator type for entire
colors of the x-axis tick labels correspond to the

CONUS. All the indicators have the same sample
size since only the samples where all 113 indicators
together have valid values are considered. The
indicator
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Update CPC expert blending: ODI long/short-term Objective Blending merging long-short term drought:
* Prcp Pt => SPIs | W, K T N
e Palmer Zindex => SMP1 » o Empirical bivariate joint probability
e PHDI _> SRI12 (Hao and Aghakouchak 2014)
* PMDI => SPEI6

Forecast skills:
SMP > SRI >> SPE| > SPI
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Standardized Index




Proof of concept of Deep learning (Multi-layer neural network) model
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Realtime

Map released: March 28, 2024
Data valid: March 26, 2024

View grayscale version of the
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Drought Occurrence Percentage based on the USDM >> theoretic Occurrence

NonD Occurrence Percentage
USDM 2000-2023

0 20 40 60 80 100

USDM 49.58% <<70%
D2-D4 Occurrence Percentage

USDM 2000-2023

0 10 20 30 40 50 60

USDM 18.80 % >> 10%

DO0-D4 Occurrence Percentage
USDM 2000-2023

0 20 40 60 80 100

USDM 50.42% >> 30%

D3-D4 Occurrence Percentage

2000-2023

USDM 8.08% >> 5%

D1-D4 Occurrence Percentage
USDM 2000-2023

0 20 40 60 80 100

USDM 31.58% >> 20%

D4 Occurrence Percentage

2000-2023

0.0 2.5 5.0 75 10.0 125 15.0 17.5 20.0

USDM 3.13% >> 2%



Machine Vs Human

Al/ML
Objective drought integrate

USDM author
Expert drought synthesize

Ingest large amount information
Speed & Accuracy

Objectivity

Consistency

Scalability

Limited creativity and intuition

Lack of common sense and context
Vulnerability to errors and limitations
Dependency on humans

Generalization

Creativity and imagination
Emotional intelligence and empathy
Adaptability and flexibility

Slowness and susceptibility to errors
Subjectivity and bias

Limited scalability

Inconsistency and unpredictability



Summary

* Objective drought integration/blending is critical step for drought monitor
and outlook

* Current CPC nClimDiv blending is out of date, need upgrade it

* A new CPC objective drought indicator:
* Based on the real-time VIC mesoscale hydrological model analysis, No latency

e Optimal integration with selected drought indices (Meteorological ,agricultural,
hydrological, Evap. demand etc.) by Deep Learning model

* Minimize the loss function of RMSE/MSE by training iteration
» % degree over CONUS, match climate / drought outlook



Drought Occurrence Percentage Based on 2000—-201/7 USDM
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NDMC objective blending (CPC weight) against USDM

Hit Ratio for DJF from 2010 to present Hit Ratio for MAM from 2010 to present

From Joyce Leung



Mutual Information (Ml)

* Information theory (Shannon 1948 ab), based on the Joint Entropy
(common entropic information)

e Information Gain, how much information can be obtained
from a random variable by observing another random

variable
...... Hmama calabimachi :
*Measyisassbrinang ships, unlike Pearson corrcoe(f |

=H(Y)-H(Y|X) IX;Y) = Z Z Dxy) (x,y) - log ([Ij;(}),c))py()))i))
— H(X) + H(Y)_ H(X’ Y) YEY xEX
=HX,Y)-HX|Y)-H(Y|X) H(X) H(Y)

e Non-negative: I(X;Y) =0 0CY)

o Symmetric: I(X;Y) = I(Y; X) HOXTY) H(YIX)

e I(X;Y)=0 < X,Y independent, because in that

case P(x,y) = P(x) - P(y) HIX.Y)

* MI is the amount of information obtained about the USDM by observing the other drought indicator
 conditional entropy: residual information of one variable given the knowledge of another variable
* could be utilize to discrete data (drought categroies), not only the continuous data



NDMC recent revision of CPC expert blending

Short-Term:

e 7% SPEI (9-mon. precipitation totals)

* 13% Soil Moisture (0-100cm root zone: 1-week anomaly)
e 20% SPI (1-mon. precip. totals)

e 25% SPI (3-mon. precip. totals)

e 35% SPEI (1-mon. precip. totals)

Long-Term West:

* 10% Soil Moisture (0-200cm total column: 12-week anomaly)
e 10% SPI (12-mon. precip. totals)

10% SPI (24-mon. precip. totals)

10% SPI (60-mon. precip. totals)

30% SPEI (9-mon. precip. totals)

30% SPEI (60-mon. precip. totals)

Long-Term:

10% Soil Moisture (0-200cm total column: 12-week anomaly)
10% SPI (60-mon. precipitation totals)

15% SPI (6-mon. precip. totals)

20% SPI (12-mon. precip. totals)

20% SPI (24-mon. precip. totals)

25% SPEI (9-mon. precip. totals)

Flash Drought:

e 25% SPEI (1-mon. precip. totals)

e 25% NOAH Soil Moisture (0-40 cm)
e 20% EDDI (2-week)

o 20% ESI (4-week)

e 10% QuickDRI

replace: Palmer Z =>SPEI1, PMDI=> SPEI9 and PHDI =>SPEI9 CPC SMP => Noah SMP

* 9-mon, 12-week time scale mismatch

e Overweight SPEI (over 60% in the west region)

* Underweight soil moisture (42% => 13% )

* remove hydrological drought, in particular west region (25%-30%)




