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“Short-Term Drought Forecasting: 
Process, Products, & Possible Future”
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NOAA Seamless Suite of Forecast Products
Spanning Climate and Weather

Service Center Perspective

Collaborative
Forecasts
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Presenter
Presentation Notes
+ Please provide a brief overview of current missions, models, products, etc.�



Climate Prediction Products

• Focus on Week-2 to                 
Seasonal-to-Interannual
o 6-10 Day & 8-14 Day [ERFs]

Precipitation & Temperature Outlooks
o Day 3-14 Hazards Outlooks                                  

(US [HAF], Global Tropics [MJO/GTH])
o Monthly & Seasonal  [LLFs]                             

Precipitation & Temperature Outlooks
o Monthly & Seasonal Drought Outlooks [DOs]                                                                                    
o Seasonal Hurricane Outlooks                                                                   

(Atlantic and Eastern Pacific)
o Monthly ENSO Prediction
o Week 3-4 Temperature/ Precipitation
o Week 2 Heat Outlook
o Arctic Sea Ice Forecasts

* Dynamical Models
• Climate Forecast System
• Global Forecast System
• ECMWF
• NMME
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http://www.noaanews.noaa.gov/stories2007/images/2007hurricaneupdateb.jpg


N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O N

CPC Comprehensive Skill Metric (CSM)

Comprehensive skill metric (CSM) 
based on all CPC extended range 
and long range outlooks.

CSM includes over 1000 product 
issuances per year.

Judged “successful” if its Heidke 
Skill Score exceeds a particular 
threshold.

CSM shows continuous, 
improvement of CPC products.

Improvement due to 
calibration enabled 
by GEFS 
reforecasts?? 



Drought Outlook Presentation

 History of the Drought Outlook (DO);

 Preparation of the Operational DOs (Seasonal & Monthly);

 DO Verifications;

 Drought Outlook Challenges;

 Next Steps in Drought Forecasting (Future);
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US Drought Outlook History
• Originated in August 1999 (shortly after the US Drought Monitor became 

operational). USDM was originally a monitor & outlook, decided it was best to 
make 2 separate products. SDO went public in March 2000;

• Intent is to present a simple national picture of where droughts will improve 
(removed), persist, or develop (but not worsen);

• Original production schedule issued initial SDO on 3rd Thursday of month, with 
updated SDO (if required) on 1st Thursday of next month, by one of the 5 CPC 
forecasters rotating among other duties;

• Replaced updated SDO (released 1st Thursday of next month) with new MDO 
(released last day of month) starting July 2013;

• Color-blind compliant colors started in Jan 2014 in collaboration with climate.gov, 
along with removal of arrows & text (cleaner);

• Overlay most recent forecasts (tools) on SDO & MDO MXDs in May 2018, similar to 
the U.S. Drought Monitor GIS process. 6



Drought Forecast

DM

SDO
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Old Format
using CorelDraw
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Old
Format
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Drought Outlook:  Start with Current DM Conditions
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Drought Outlook Production 
Seasonal Drought Outlook (SDO): Produced in conjunction with the seasonal 
temperature and precipitation outlooks (released on third Thursday of month).

Monthly Drought Outlook (MDO): Produced in conjunction with the updated 1-Month 
forecast (released on the last day of the month).

 Most recent Drought Monitor is starting point for the Drought Outlooks.

 Drought Outlook forecaster consults with extended range (Week 2), 
Week 3-4, and long-lead (monthly and seasonal) forecasters and 
guidance to ensure continuity and consistency between the products. 
This is currently done subjectively by the forecaster and the process 
might be improved by making new objective tools that blend the 
extended-range and long-lead tools.
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 Forecaster sends draft forecast to stakeholders for 
feedback. Typically, several dozen stakeholders will 
request changes to the forecast over 2-3 days.  

 For example, requests were made from California 
during the very wet 2016-17 winter to reduce the 
amount of drought improvement in certain regions.

Draft

Stakeholder 
ReviewFeedback



Drought Forecasting:  Many Different Contributions (Tools)

Start with latest
U.S. Drought Monitor

D1 areas

Long-Range Forecasts:
(1- to 3-Months)

(Note ENSO Status & Other Atmospheric/Oceanic Indicators)

Climatologies
And Analogs

Short-Term 
Forecasts:

(less than 1-Month)



Initial D17JF18
Seasonal Drought Outlook
(released Nov. 16)

Use the latest U.S. Drought Monitor
D0 & D1 shape file areas

Nov. 16, 2017 SDO

Start with 11/14/17 US Drought Monitor
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From Tools - Determine if D1-D4 areas 
will: Persist, Improve, or be Removed;
and if D0 & normal areas will 



Primary Drought Outlook Inputs – Short Term
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6-10 Day Temp 
Probabilities

8-14 Day Prec 
Probabilities

HPC 5-Day
Prec Totals

MRF 384-Hour Total Prec

(GFS)



Primary Drought Outlook Inputs – Climos & Analogs
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Consecutive
La Ninas

Precip DJF 
La Nina1 

La Nina2 



Winter
DJF

Summer
JJA

Spring
MAM

Fall
SON
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Primary Drought Outlook Inputs – Long Term
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3-Month Prec
Probabilities

1-Month Temp
Probabilities

CFS Seasonal
Precipitation

SPI Forecast
based on CFSv2

NMME for
OND12 PCP



Winter D17JF18
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Wet
February

February 2018
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Drought Outlook Narratives – Summary & Discussion

Summary - Short overall narrative. Discussion – Long, detailed narrative by region 
that includes reasoning & confidence rating.

(Both MDO & SDO have Summary & Discussion)



How Are We Doing?
Verifications….

Not bad
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24Good Skill during developing La Nina & El Nino Mediocre Skill during ENSO Neutral & Summer

DM



Not much persistence late 2016-2017;
First improvement, then 
& recently persistence returned in 2018
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Got most
Improvements

Underplayed Development
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Drought Outlook Challenges
• Blending short-term forecasts (where most of the skill is) with seasonal 

(long-term) forecasts;

• Improving skill of forecasts (especially Precipitation & DO’s 
Development) at all time ranges;

• Automation of production & verification (getting there!);

• Although there are many quantitative & objective inputs into the Drought 
Outlook forecast generation, ultimately the forecast is produced 
subjectively using a human in the loop (6 different authors with varying 
decision styles) – although the DM is also produced this way;

• Providing useful information for both the agricultural, hydrologic, & local 
government decision-makers. CPC has not formally surveyed DO users 
yet, but from DO meetings, emails, etc. - Agriculture would like both 
short & long-term DOs for current season crops (e.g. MDO) & planning 
for next year. Hydrologic prefers accurate, regional, long-term DO for 
water management (store water if drought expected, release some if 
not). Both short and long-term drought affects local government 
decisions.

• Currently, stakeholder engagement &  time-consuming climate model 
runs lead to long production time (hence no weekly or bi-weekly updates 
[yet]);

• Should we move to an objective and/or probabilistic Drought Outlook (at 
least start with tools for input)?;
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In a meeting with Dr. Uccellini, a longer DO should be probabilistic.



Next Steps in Drought Forecasting

• More GIS automation to objectify DO (like DM) - ongoing;

• Real-Time DO Verification:  Make more objective & automated;  consider scoring persistence 
as “correct”; average weekly DM drought over forecast period since one anomalous week can 
completely make or break a DO forecast;

• Ongoing CPC Monthly Drought Working Group (DWG) brings operational (OPB) and R&D  
(OMB) staff together to learn from & communicate more to each other to improve operational 
drought forecasting (better communication really does help);

Short-Term:

• Develop a R2O plan for long-term improvement of DO:
Improvement of Precipitation forecasts in the models is highest priority;
Integration of Temperatures, Precipitation, and Soil Moisture Forecasts ;

• Engage the drought community for ideas on improving the DO (survey):
Comparison of the (subjective) DO with objective ones, such as 
objective SPI or one based upon the PDI. What is customer preference?

• Continuation of the current manual forecast, with the objective forecasts used as input and 
run in parallel;

• Develop a 2-month DO (1- & 3-months now), or a bi-weekly MDO update on Fridays, or a 6-
month DO (for water management/hydro users);

• Develop a probabilistic, objective DO (since other CPC forecasts are);

Long-Term:
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1) Scripts to get & download tools;

2) Multiple products/tools to review;

3) GIS to overlay tools
and create products,
in this case the DM.

2a) Incorporate local expert input
(e.g. DM Email list server, 450+);

DOs: Attempting to Simulate
the DM Production

Current Drought Monitor
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1) New SDO and 
MDO get, save, 
and download 
Python scripts 
for MXD. Saves time & assures latest forecasts overlaid on DO MXD34



Previous minimal overlay information for SDO & MDO MXDs.

2) Expert input from: a) Monthly Drought Briefing; b) Sanity Checks; c) DO Email list server (~25)35



3) New Tool Overlays; DO Probabilities (instead of DM Percentiles) on MXD

This example has 8-14 Day ERF Precipitation Probabilities overlaid with D0-D4 drought layers 

Easy to add more tools
when they become available
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Ensemble Mean 
Land Surface Model Output 

NOAH MOSAIC

SAC VIC

North American Land Data Assimilation System (NLDAS) 
(Soil Moisture)

https://ldas.gsfc.nasa.gov/nldas/NLDAS2model.php 37

Presenter
Presentation Notes
VIC – Variable Infiltration Capacity…      2 separate climo files used (anoms & %-iles) 1980-2007 …   land surface component of hydrologic cycle
SAC – Office of Hydrologic Development (Sacramento)… Mosaic (NASA)       NLDAS forcing separately drives the 4 LSMs to produce model output (incl ENM)
LSM driven by Inputs: Prcp, Temp, Winds, Radiation….. Outputs: ET, SMT, Runoff              1/8 deg grid spacing; SMT in near real-time
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SRI3

IDI: take mean of 4 SMT and 4 SRI3 percentiles and map to a uniform distribution, so values range between 0 and 1 (probs)

Concurrence measure : percentage of members that agree with the IDI (which measures the uncertainty of the IDI)

(First Guess) Objective Drought Monitor based on NLDAS    (4 LSMs used)

SMT

IDI CON

Presenter
Presentation Notes
Runoff into streams & creeks
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- If all ensemble members agree – 100% probability
- If only half of the members agree – 50% probability

Early Stages of a Probabilistic DO  SPI6 only!
(Drs. Kingtse Mo & Li Xu at CPC)

NMME models:
CMC 1– CanCM3, CMC 2-CanCM4,  GFDL (Flor),  NASA, CFSv2 &  NCAR CCSM

6 models * 10 members each = 60 ensemble members

* Use Model Precipitation to get respective SPI6 forecasts

* Map onto a uniform distribution function (end up with values between 0 & 1) for Probs
* For ex: at each grid point:

• Verification against CPC’s Unified Precip Analysis (daily, gauge-based, CONUS, 0.25x0.25-deg)

D1:  -0.8 > SPI > -1.2
D2:  -1.3 > SPI > -1.5
D3:  -1.6 > SPI > -1.8
D4:  SPI < -2.0

Presenter
Presentation Notes
Why the grand mean? What is meant by agreement (spatial pattern correlation)?



Likelihood of Drought  & Intensity  & longer time ranges for Decision Support Services
40
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Likelihood of Drought  & Intensity  & longer time ranges for Decision Support Services



FMA 2018

Feb 2018

In the official
Drought Outlook  
Tendency 
Format!!
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RCI* < -0.5  (count during past 30-days) Drought 
more likely

Drought 
less likely

At this time, 
no model forecast info

*Rapid Change Index is accumulated magnitude of moisture stress changes 
(standardized differences) occurring over multiple weeks (Otkin et al (2015))

Warm Season Evaporation  Anomalies (+P, SMT from NLDAS2) ; E-driven events

Aim is to predict yellow
area on MDO (Develop)

Dr. Gwen Chen43

Presenter
Presentation Notes
-  Prototype developed for the northern Plains in 2017
To get Probs: convert USDM shape files 2 gridded data, then derive stats
Updated daily in GeoTiff format



USDM on 17Apr2018

USDM on 08May2018

Gwen Chen
44



…and other drought forecast tools being developed & tested at CPC (to be continued)45

Most recent Potential Flash Drought Index now being overlaid on the MDO MXD
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THANK YOU!

Any Questions, contact:
David.Miskus@noaa.gov

(301) 683-3453

mailto:David.Miskus@noaa.gov
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