Deciphering Weather Forecasts
for I\/Iaking IPM Decisions
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Basic Concepts of
Weather Forecasting




Primitive Equations

The primitive equations are a set of nonlinear differential equations that are used
to approximate global atmospheric flow and are used in most atmospheric

models:

1)Conservation of momentum

2)Continuity

3)Thermal energy
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Numerical Weather Prediction
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Characterizing the Atmosphere at Time 0
urface Data

Enviro-weather
MICHIGAN STATE UN S Weathe d pest, natural resour

and production management tools

s | Turfgrass | Vegetables | Landscape & Nursery | More weather

Welcome to Enviro-
weather!
For weather-based tools: Click on
a station on the map

For access to specific commodity
tools: Select from kst above

Enviro-weatner is made possible
by the generous support of our
sponsors. Help keep it going
Contribute today!
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. Real Time Mesoscale Analysis (RTMA){ i88

— Generated at the National Centers for
Environmental Prediction (NCEP), a division of
the National Weather Service (NWS)

— First guess (i.e., background): 1-hr forecast from

« Rapid Update Cycle (RUC) / Rapid Refresh (RAP)
models

— Large number of observations assimilated
(ASOS*, mesonet, satellite wind, etc.)

— Includes precipitation analysis (Stage Il)
— Grid spacing: 2.5 km (5 km recently phased out)
— Temporal frequency: hourly

* Automated Surface Observing System



‘Off-Site’ Weather Data

« Uses objective analyses to estimate
variable at desired site(s)

* May offer cost effective alternative to

on-site instruments

» Effectiveness may be limited by
sensitivity of management aplication
used




New Combined Enviro-weather/Gridded
Data Products

Cumulative Growing Degree-Days (50F) March 1 -
May 30, 2016

Legend
Total GDD
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Map produced by Michigan State University Enviroweather.
Growing degree days are calculated using the Baskerville-
Emin method with a base of 50F. Data from Enviroweather
stations, National Weather Service Stations, and National
Weather Service Unrestricted Mesoscale Analysis (URMA).



Limitations of Reanalyses
and Gridded Data Sets

“Reanalyses inherit the errors of their
constituent observing systems, though they
have the advantage of seeking a degree of
consensus among various observing systems
through the constraints of model

physics.” [CCSP Synthesis and Assessment
Product 1.1]

Moral: while they may be spatially and temporally
continuous, be very cautious in their application as

they may not contain any more base information than
what you would have from the original data series.



Characterizing the Atmosphere at Time O
Radiosonde Basics




The NWS Radiosonde Network
2014
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Radiosonde Data
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Limitations to Numerical Forecast
Lead Time Length

* Observation systems

 Numerical models (understanding of the
atmosphere)

* Computing power



Weather Prediction and Chaotic Dynamics




Ensemble Forecasts
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Superensemble Forecasts

Mid-Sep 2016 Plume of Model ENSO Predictions

NINO3.4 SST Anomaly (°C)
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Current Weather Forecast
Technologies




Forecast Lead Times and Approaches

Statistical
Monthly Hybrld
[Maps|Text|
8-14 Days
T Maps|P Maps|Text
T Maps|P Maps|Text
Dynamic,
Numerical
Forecast
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Traditional NWS Forecast Format
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Current National Digital Forecast Data

National Oceanic and Atmospheric Adminis

NS National Weather Service

Site Map
Home > Graphical Forecasts > Central Great Lakes

w}\ proposed replacement of the National Weather Service Graphical Forecast Page is available at preview.weather.gov/graphical/.
Comments are encouraged and can be done by taking our survey
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New NWS Graphical Forecast Format

(March 2017)
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Weather.gov - National Digital Forecast Database Graphical Forecasts

National Weather Service
National Headquarters

Below is a proposed replacement of the National Weather Service Graphical Forecast Page, a product of the National Digital Forecast Database. Comments are encouraged and can be done by taking

our survey. Assistance with using this experimental product can be found by clicking here or on the Page Help Link below the map.

National Digital Forecast Database Experimental Display

T
National (CONUE‘ v | Temperature (°F) ‘ I

|| atoct 3, sameDT

Coon Rapid: Pom
8 Kariata
lymouth = eXSinneapolis {3 Gu’uljv n
Bloomi ! i Kawartha A
o :‘;‘é’?&, oo gt
ter: Al 7
. h‘]arkha ey
\ ore¢
yory | % Mississaugas.® Toront
8 e rand 2 o 3B
Rapi i35 ;. London amilton U
B P London
Fort e Wai - Detrdi o e
3 tbo / 8
Chicag E - 3
- 4!+ Clevéiand
Des Moines iet |
ne. 3 Aks
S g Map data ©2014 Goagle, INEGI | Termsiof Use amap

Temperature (°F)

Valid at: Fri, 03 Oct 2014 12 UTC ( Fri, Oct 32014, 8 AMEDT)
Issued: Oct 02 at 20 UTC

Create a bookmarkable URL | Definitions

About

FAQs

| Product Descriptions

| Survey/Comments

| Help

|Map Options | | Print Map |

National (CONUS) g

W Foliow us on Tuitter

Alaska 8

I3 Foliow us on Facebook

Hawaii

~ Guam

Puerto Rico  {asg»-

Tropical Atlantic @

Tropical Pacific @

b)) NWS RSS Feed

ACTIVE ALERTS
Wamings By State
Excessive Rainfall and
Winter Weather Forecasts
National River Flooding
Latest Wamings
Thunderstorm/Tomado
Outlook

River Flooding
Hurricanes

Fire Weather Outlooks
UV Alerts

Drought

Space Weather

NOAA Weather Radio
NWS CAP Feeds

Past Weather
Heating/Cooling Days
Monthly Temps
Records
Astronomical Data

CURRENT CONDITIONS
Radar

Sateliite

Snow Cover

Marine and Buoy Reports
Upper Air

Surface Weather
Observed Precipitation
River Levels

Climate Monitoring

Space Weather
FORECAST

Aviation Weather

Marine

Local Forecast

Cument Outiook Maps
Current Graphical Forecast
M

aps
Rivers

Hurricanes
Fronts/Precipitation Maps
Fire Weather

Drought

Marine Prediction Forecasts

INFORMATION CENTER
Space Weather

Daily Briefing

Marine

Climate

Fire Weather

Aviation

Forecast Models
Water

GIS

Cooperative Observers
Storm Spotters
Tsunami

For Developers

Facts and Figures

WEATHER SAFETY
NOAA Weather Radio
StormReady

Heat

Lightning

Hurricanes
Thunderstorms
Tornadoes

Severe Weather

Rip Currents

Floods

Winter Weather

Ultra Violet Radiation
Air Quality
Damage/Fatality/Injury
Statistics

Red Cross

Federal Emergency
Management Agency
(FEMA)

Brochures

NEWS ABOUT

Newsroom Organization

Social Media Strategic Plan
Events For NWS Employees
EDUCATION National Centers
NOAA Economics Products and Services
Brochures Contact Us

NOAA Education Resources ~ Glossary

For Teachers

For Students

Play Time for Kids

NOAA Library

NWS Training Portal

JetStream

Glossary

Other Links



6 to 10 Day Outlooks

Valid: October 08 2014 to October 12 2014
Updated: 02 Oct 2014
Click below for information about how to read 6-10 day
outlook maps
Temperature ipi
Click below for archives of past outlooks (data & graphics),
historical analogs to today's forecast, and other formats of
the 6-10 day outlooks
Archives Analogs Lines-Only Format GIS Data

8 to 14 Day Outlooks

Valid: October 10 2014 to October 16 2014
Updated: 02 Oct 2014
Click below for information about how to read 8-14 day
outlook maps
Click below for archives of past outlooks (data & graphics),
historical analogs to today's forecast, and other formats of
the 8-14 day outlooks
Archives Analogs Lines-Only Format GIS Data
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Expected Forecast SKkill




Forecast Skill Generalities

* The longer the forecast lead time, the less the
expected skill of the outlook

 For most of the mid-latitudes, there is a
discernible seasonality of the forecast products.
In the USA, most skillful outlooks are generally
associated with the winter season.

* Expected forecast skill also depends on the
variable being forecast. Best skill is with
temperature. Skill with precipitation and wind
forecasts is significantly less.



Weather forecast accuracy details for Lansing, Michigan

These are the one- to three-day out accuracy percentages for high temperature, low

temperature, icon forecast precipitation (both rain and snow), and text forecast precipitation

(both rain and snow). Temperature accuracy is the percentage of forecasts within three

degrees. Precipitation accuracy is the percentage of correct forecasts. The forecasts are

collected in the evening.

Click on the headers to sort by that column.

Weather Forecast Accuracy Data Last Month

Provider

The Weather Channel
Weather Underground
Dark Sky (forecast.io)
MeteoGroup
AccuWeather

Foreca

NWS Digital Forecast
World Weather Online

Persistence

High Temp Low Temp

84.44%
85.56%
85.56%
76.67%
79.31%
80.00%
83.33%
56.82%
44.83%

88.89%
86.67%
74.44%
75.56%
74.71%
75.56%
70.00%
33.33%
36.78%

Weather Forecast Accuracy Data Last Year

Provider

Weather Underground
The Weather Channel
AccuWeather
MeteoGroup

Foreca

Dark Sky (forecast.io)
NWS Digital Forecast
World Weather Online

Persistence

High Temp Low Temp

73.60%
73.80%
72.17%
71.58%
67.63%
65.13%
67.39%
63.26%
28.67%

72.35%
72.54%
73.14%
75.43%
68.89%
64.07%
66.93%
33.24%
22.65%

Icon Precip Text Precip

70.00%
70.00%
72.22%
75.56%
72.41%
72.22%
67.78%
68.18%
59.77%

Icon Precip Text Precip

82.18%
81.89%
79.90%
79.00%
78.36%
78.52%
70.83%
70.76%
53.70%

70.00%
70.00%
72.22%
75.56%
75.86%
72.22%
67.78%
68.18%
59.77%

82.18%
81.89%
81.74%
79.00%
78.36%
78.52%
70.83%
70.76%
53.70%

Overall
78.33%
78.06%
76.11%
75.83%
75.57%
75.00%
72.22%
56.63%
50.29%

Overall
77.58%
77.53%
76.74%
76.25%
73.31%
71.56%
68.99%
59.50%
39.68%

www.forecastadvisor.com
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NDFD: Growing Degree Days*

00 UTC forecast *Baskerville-Emin method
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Applications of MOS Guidance

NO APPLY: 70% or greater chance of 0.5”+ in 24-hour period, or any
% chance of 1”7+ in 24-hour period




Forecasting Precipitation Amounts
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(From Charba et al, 2003)



Forecast Skill Scores
Have Increased Over
Time

(a) 2.meler lemperature ar dies over the North Hemisphere
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Figure 12. Evolution of the discrete ranked probability skill score (RPSS) of (a)
2 m temperature and (b) precipitation weekly mean anomalies over the Northern
Extratropics (north of 30°N) since 2002. Only land points have been scored.
The RPSS has been computed from terciles and for all the ECMWTF reforecasts
covering all seasons. The red line shows the RPSS of days 12-18, the brown line
represents the RPSS of days 19-25 and the green line the RPSS of days 26-32.

(From Vitart, 2014)



Remember to Consider
Microclimate!
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Degree Of Infection
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Summary

* Gridded reanalysis data may offer a cost
effective option to on site observations.
However, the applicability of the data
depends on the sensitivity of the application
to errors.

Forecast skill decreases with increasing lead
time. Expected skill may vary by the type of
variable forecast, season, and region.

Local microclimates can complicate weather-
dependent decisions. Microclimates are most
likely in relatively clear, calm conditions.




