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Forecast Warning Analysis   

Voluntary U.S. Observers    

Global Weather Reports    

NCEP Weather Charts & Models  

Ship, Buoy Reports   

Rocketsonde    

Weather Balloons 

Storm Data   

Doppler Radar    

(GOES, POES, NPOESS,  and many other 

Satellites    

Aircraft Observations    

Wind Profiler   

Airport Weather Reports (ASOS) 

U.S. Climate Reference Network 

Climate Models 

NCDC Receives Earth Observations from Many Sources 



Issues of Concern 

ÅHow do we optimally combine, and establish 

error budgets, for these different observation 

systems? 

ÅHow do we treat the temporal-spatial errors of 

these data to create long-term climate data 

records? 

ÅHow is the information content of these climate 

data records assessed and communicated to the 

public and policy makers? 



Climate Monitoring Web Access 
http://www.ncdc.noaa.gov/oa/climate/research/monitoring.html 

NOAA/NCDC 

NCDC Monitors and Describes the Climate 



Challenge 1 ï Observing the Sea 

Surface Temperature (SST) 
ÅShips, buoys, and drifting buoys 

ïLongest record ~1880-present 

ïVarious observing techniques e.g., bucket, intake, thermistor 

ïSpatial-temporal sampling often sparse 

ÅInfrared satellite observations (AVHRR sensor) 

ïMulti -decadal record ~1980-present 

ïObserves ocean óskinô temperature 

ïSpatial sampling great-poor as cloud free 1-4 km spots required 

ÅMicrowave satellite observations (AMSR sensor) 

ïDecadal record only ~2000-present 

ïAll weather observations; larger spots; away from land 

 



SST Data Coverage for 2003 - 2005 

ÅData Coverage: 
percentage of ¼° grid 
boxes with data to total  
¼° boxes 

ÅMicrowave AMSR 
coverage ~ 50% 
ïAMSR: Advanced 

Microwave Scanning 
Radiometer 

ÅInfrared AVHRR 
coverage ~ 12% 
ïAVHRR: Advanced Very 

High Resolution 
Radiometer  

ÅBuoy and Ship data 
coverage ~ 0.2% 
 

 



In Situ Historic SST Coverage is 

Highly Variable 



Data Anomalies: 11 Jan 2003 
Differences lead to day-to-day noise in Optimal Interpolation 

ÅAVHRR day & 
night 

ïNote data 
scarcity 

ÅAMSR day & 
night 

ïNote swath 
width & 
precipitation 

ïDay night 
differences not  
always diurnal 
warming 



 Top:  AVHRR 

Pathfinder Bottom:  

AMSR-E  

For AVHRR: 

ÅAbsolute latitudes > 40° have 

roughly only 5 days of data 

ÅNumber of days increases 

toward the tropics 

ÅDrop offs due to cloud cover  

  

For AMSR: 

ÅAbsolute latitudes > 40° have 

more than 20 days of data 

ÅDrop offs due to precipitation 

in ITCZ and SPCZ  

Jan '03:  Number of Days 

with Nighttime Obs  



3-Day Gulf Stream 

Average Gradients 

ÅData  
ïInfrared AVHRR 

ïMicrowave AMSR 

ÅAnalyses - Optimum 
Interpolation (OI) 
ïWeekly OI.v2 

Å AVHRR data 

ïDaily RTG-SST 
Å AVHRR data 

ïDaily AVHRR-only OI   

ïDaily AMSR+AVHRR OI 

ÅMissing Data:  
ïAMSR near land 

ïAVHRR due to clouds 

ÅDaily OI resolution 
improved over weekly 

ÅAMSR+AVHRR best 
analysis resolution 



Challenge 2 ï Observing the Land 

Surface Temperature (LST) 

ÅShelter Temperatures 

ïLongest record ~1880-present (some earlier) 

ïLand surface temperature is highly variable 

ïSpatial-temporal sampling often sparse 

ÅInfrared satellite observations (AVHRR sensor) 

ïMulti -decadal record ~1980-present 

ïObserves land/canopy óskinô temperature 

ïSpatial sampling great-poor as cloud free 1-4 km spots 

required and cloud clearing over land more difficult 

 



Land Surface Temperature Observations 



Land Surface Temperature Spatial 

Variability from Satellites 



Challenge: scaling problem 

Field networks: 
US CRN ς 1m 
AmeriFlux  - 10m 

Satellite resolution  
   Ғ мƪƳ 

How to use ground observations to evaluate satellite product? 

Airborne sensor  
   Ғ мл-100m 



Field experiment = ñGround truthò 

US Climate Reference Network (CRN) 



Spatial variability ï Upscaling methodology 

1km pixel 

US Climate Reference Network (CRN) 

Ti = Tstation + Ti  

Ti 

Tstation 
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Model calibration  

(station scale) 

Model 

simulation 

Unknown parameters 

Initial conditions 

LSTi at tile resolution Model 

simulation 

Model 

simulation 
é 

Atmospheric 

forcing 

Ground-based LST 

 

 

 

 

Atmospheric 

forcing 

Field measurements 

Up-scaling process 

Comparison with 

satellite LST 

LST at satellite 

resolution 

N tiles 

Sub-pixel description 
(Cover type, Albedo, LAI) 

 
 
 
 

Land cover fraction 

HR satellite/product 

LST EDR 

VIIRS 

Uncertainty 

in LST EDR 

Processes Inputs Outputs 

Scaling methodology 
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