Developing Early Warning Forecasts of Hydrological Drought Onset, Duration,
and Intensity Across the Conterminous U.S. Using Machine Learning Models

Hydrological drought impacts are widespread and recurring. This project is exploring innovative visualization tools to improve
Scientists on the Data-Driven Drought Prediction project are using  understanding of how streamflow drought is defined and how it
machine learning models to develop early warning drought manifests at a given location. In addition to a web-based
prediction capacity at regional and national scales. Pilot work is dashboard that enables visualizing the model forecasts, the
focused on streamflow drought onset, duration and severity project is also contributing to the creation of publicly accessible
prediction for gaged and ungaged areas of the Colorado River websites that communicate “what is streamflow drought” and
Basin region. impactful historical drought events across the U.S.
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Streamflow Drought Onset, Duration and Intensity Prediction
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As drought conditions persist, less water moves
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low, this is defined as streamflow drought. But
what does "unusually low" really mean?
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Model intercomparison in the

Colorado River Basin

* Forecasting severe streamflow

droughts 1 and 2 weeks in advance:
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Model intercomparison across the

Conterminous United States

* Forecasting severe streamflow
droughts 1 and 2 weeks in advance:

1.0

0.8

0.6

regression

National NN [BA]
regression

Regional NN [BA]
Regional LightGBM
National LightGBM
National LightGBM

lassificati

14-day Forecast Performance
Flow used in training

Regional LightGBM
lassificati

Regional RGCN* | ¢
regression

0.2 1

0.0 A

—0.2

—0.4 -

_06 B

_08 -

—1.0 -

regression
National LightGBM | o o,:s; ey .;: :: X,
Regional LightGBM | S-a-SiQSiES=SeiaRERED

q

I"'.

A0

‘.

.l

..il

< 3
= =
Z

©

c

2

(@)}

0]

o

National NN [BA] |
Regional LightGBM |
National LightGBM |

lassificati

z
zZ.
©
c
8
©
2

0.8

0.6

0.4

0.24

0.0

regression

Regional RGCN* |

Validation 100 ] : T
NSE or R-squared " loB4a 0.82 0.87i0.83 0.81 0.87: T
| 0.75
% 0.56 0.55
i w 0.50 4 : 5
| g 0.25 :
| x _..... ....................
¢ D H Q’ . m
g i
--------------------------------------------------------------------------- m E
c |
! persist
o aw ictions berﬂsclzr?lgcrﬁs
'
g 3 £
uzg g
Hindcast 1-week 2-week =
for forecast 2 2
Validation persist d
for 1-week f t
il

different levels of
drought severity

Behind the Scenes: Modeling Streamflow
Percentiles using Machine Learning

425 CRB region streamflow gages Static and time-varying model inputs

with 40-year record (1980-2020) aggregated to a common geospatial dataset

(Simeone, 2022) (Wieczorek and others, 2023)
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[ 0,7, 14, 30, 60, and 90-day forecasts ]

Regression

: Classification
Boosted regression trees

* Boosted regression trees
e LSTMs

Long short-term memory networks (LSTMs)
Recurrent graph convolution networks (RGCNs)
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Baseline model inputs:

*Antecedent streamflow

*gridMET precipitation, maximum temperature, minimum temperature, standardized
precipitation-evaporation index, potential evapotranspiration

*University of Arizona Snow Water Equivalent

*NLDAS2 Soil moisture from 0-10cm, 10-40cm, and 40-100cm depths

Static Variables including degree of regulation, forest cover, water use

Forecast meteorology variables being used:

*GEFS — temperature and precipitation forecasted 1-10 days in advance.

*NMME CFSv2 - temperature and precipitation forecasts 15, 45, 75, and 105 days out.
*SUBX ensemble mean - temperature and precipitation forecasts for 1-5 weeks out.
*ECMWF ensemble mean - temperature and precipitation forecasts for 1-5 weeks out.
*CPC - temperature and precipitation above, below, normal likelihood for 1-2 months.

Other model experimentation:

*Reservoir storage and outflow inclusion

Monthly public supply and irrigation water use

*Analog forecasting — using historical traces from observed hydroclimatology

Use Cases: Retrospective predictions: Linking to ecological and
Interested in Usin9 These socioeconomic datasets to examine the effects of
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