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Is Northern Hemisphere 
Snow/Ice Cover an Early 

Indicator of Summer 
Temperatures?

Polar Remote Sensing and the 
Applications for US Agriculture

• Is 



Objectives:

• Background
• Applications of Seasonal Forecasting to 

Agriculture
• Integration of Polar Remote Sensing as a 

seasonal forecast precursor
• Summary/Questions





Weather Station - Dimbokro, Cote-d’Ivoire





Quasi-Biennial Oscillation 
(QBO)

Stratospheric Directional Winds

World Oceans & Lower 
Level Atmosphere
•Atmospheric Pressure from 

surface (1000 mb) to 500 mb
•Sea Surface Temperatures
•Atlantic Thermohaline

Circulation

Weather & Climate
•ENSO
•QBO phase
•Zonal and Meridional

Winds
•Solar Activity

Start With Global Geophysical Drivers -
narrow down to particular area of interest





For many forecast parameters, complete records exist back to 1900 (some 
ship records from fisheries & trans-Atlantic voyages extend pre-1850).



Approximately 250 Global Weather Indices 
(regional to global scale processes) 

1900-present





El Niño:Onset and Ending Dates



Source: Australia Bureau of Meteorology



Seasonal SST anomalies



Monthly SST anomalies





Calififornia Almond Production 
Modeled vs. Observed
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CALIFORNIA 
ALMONDS



Current Remote Sensing 
Applications

• Assessing crop health
• Near real time 

information
• Crop management 
• Acreage estimates

• Real time access/ESN
• ID specific bandwiths in 

EMS for clues to plant 
physiology by field 

• Calibrate with specific 
weather events

• Predictive model 
development 
(production, yield, 
stress, disease)



Change Detection

JAN2002

FEB2002

MAR2002

Target Parameters:
-Vegetation Health
-Soil & Tissue Moisture
-Chlorophyll Production



NOAA/NCEP reanalysis 
data (currently back to 1948) 
combined with remotely 
sensed imagery allows us to 
build predictive models well 
before harvest



• Combining Atmospheric Indices and Remotely sensed data has also been 
useful in reconstructing past environmental conditions.  

• Looking at events that can influence upwelling events and biological 
productivity. 



Next step is to use arctic data for forecasting:

Approximately 250 Global Weather Indices
(regional to global scale processes)

1900-present



ENSO yr1: 76, 82, 86, 91, 97, 01, 04



source: NSIDC



Using California as an example, 
the focus in on the Sacramento 
and SJ Valleys through Climate 
Divisional data (CA_div2&5)



Total Arctic Ice - CA Monthly Temperature (4 month lag)

R2: 0.79 

This relationship would be expected in northeastern US (Hudson Bay/AO dipole with 
NE temps), but the relationship in CA is surprising.   



Total Arctic Ice - CA Monthly Temperature (5 month lag)

R2: 0.89 

This relationship would be expected in northeastern US (Hudson Bay/AO dipole with 
NE temps), but the relationship in CA is surprising.   



Upper air pattern 1995-2001



Summer Temperatures  1996-2003



Summer Rainfall 1996-2003



Summary/Future Research

• Winter Ice Cover does demonstrate a relationship with summer 
temperatures in CA.  Lower Ice cover tends to correlate with 
stronger gph - A dipole exists between strong high pressure over the 
arctic and very strong high pressure in summer over TX.

• Monthly comparisons do not provide a great deal of information 
when trying to forecast seasonal conditions

• However, when we look at current arctic conditions, they appear to 
be a useful precursor for early identification of extreme conditions in 
CA.

• Same types of analyses need to be done with all data sources 
(beyond Arctic Ice & HB ice)

• Use specific station level data in stead of Climate Divisional data.
• Other applications beyond agriculture - property risk, energy 

demand, food security.



So far, I have:
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