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A Brief History of Observation Networks 
• Chinese - daily records of WX obs since the Ming Dynasty 

• 1780s - Palatine Academy of Science and Letter, Germany organized the first 
international observing network, Obs collected from Massachusetts to the Ural 
Mountains. 

• 1855 - Urbain LeVeVerrier, director of the Paris Astronomical Observatory, 
under Napolean III established the first national meteorological observing 
network. 

• 1873 - International Meteorological Conference (Vienna) formed a committee 
for standardized measurements. 

• 1900 - initial global observing network was in place, but it took another 75 
years for general adoption. 



A Brief History of Data Assimilation  
Bjerkes (1911) - the ability to forecast the weather was posed 

as the Ultimate Meteorology Problem and required two 
conditions to be satisfied:  

(1)  The present state of the atmosphere must be 
characterized as accurately as possible 

(2)  The instrinsic laws, according to which states develop out 
of preceding ones, must be known. 

These two conditions define weather prediction as an  
  initial-value problem requiring:  

•  observations 
•  diagnostics and analysis  
•  prognostic modeling 



Recent Observation Networks 

• 1950’s - Upper air measurement network, but large gaps over 
oceans, especially the southern hemisphere. 

• 1960’s - satellite radiometers were developed and launched with 
international coverage. 

• 1979 - Global Weather Experiment, Goal: Observe the 
atmosphere as systematically as possible. 

• 1990’s - World Meteorological Organization (WMO) has major 
observing programmes,  

• GOS - Global Observing System.  
• GTS - Global Telecommunications System,  
• GDPS - Global Data Processing System. 



Global Earth Observing System of Systems 
(GEOSS) 



New Data Sets of the Overall Water Cycle by 
Integrating the Satellite Products 



The First Global Integrated Data Sets of the Water Cycle   
Model Outputs by 

Numerical Weather 
Prediction Centers 

Surface Observational (in-situ) Data 
from the 36 CEOP Reference Sites 

Satellite Remote 
Sensing Data 

Data Integrating/Archiving Center 
at University of Tokyo and JAXA 

of Japan 
http://monsoon.t.u-tokyo.ac.jp/ceop/ 

Global Land Data Assimilation 
System at NASA Goddard 
Space Flight Center of USA 

http://ldas.gsfc.nasa.gov/ 

MODEL Output Data 
Archiving Center at Max-

Planck Institute of 
Germany 

http://www.mpg.de/ 

In-Situ Data Archiving Center at 
UCAR (Center at University 
Corporation for Atmospheric 

Research) of USA 
http://www.ucar.edu/ 



V3 V2 

V1 

V4 

-60
-50
-40
-30
-20
-10

0
10
20
30
40
50

92 93 94 95 96 97 98 99 00 01 02

Year

Δ
V 

( k
m

3  )

GTOPO30 
( USGS ) 

T/P Altimeter 

H 

JERS-1/SAR 

SPOT/HRV ADEOS/AVNIR Terra/MODIS 

A 

A 

A A 

GLOBE 
( NOAA ) 

A-V, H-V, H-A 

Area (A) 

Water Level (H) 

Variation of Water Storage (dV)  

Satellite 

DEM 

Water Storage Estimation （overview） 

By Dr. Jun Magome 

⑤ 



PART II 

Data Assimilation  

and  

Numerical Weather Prediction 



Data Assimilation 
• Data assimilation provides the initial conditions that produce the best 
possible model forecast.  

• It must create an analysis consistent with the model numerics, dynamics, 
physics, and resolution.  

• NWP provides the short-range forecast for the analysis by making a 
series of small corrections to that forecast based on new information from 
observations. 

•  Analyses is different for different models and will most likely differ from 
the best estimate of the true state of the atmosphere produced by a hand 
analysis. 

• Observations are assimilated to correct each short-range forecast that 
serves as the basis for the next analysis, resulting in a series of small 
corrections to the model forecast. 





Subjective Analysis 
• Subjective Analysis is a representation of meteorological observation on charts and 
maps.  

Goals:  
• (1) Charts were used to deduce atmospheric flow based on the governing laws.  
• (2) Diagnostic charts of past/present atmospheric states would help with the prognosis of 
future states. 

•  Synoptic (hand drawn) charts, adapted by Admiral Fitzroy in 1860 (British 
Meteorological Department) as a time series resulted in weather development and 
movement. 
• Synoptic charts were used extensively during between 1860 -1920, but forecast skill 
was not improving. 

• Bjerknes conceived weather prediction as an initial value problem and Richardson 
made the first weather calculation in 1922. 
• Bjerknes and with Bergen developed the Norwegian Frontal Model with upper air 
network observations for initialization, resulting in improved predictability of storms 
in Norway. 
• The era of model forecasting and data assimilation begins. 



Objective Analysis 
• An automated procedure to estimate the atmospheric dependent variables on a regular 2D and 
3D grid using data available from the irregularly spaced observation network. 

• Panofsky - 1949 made the first objective analysis with a polynomial fit of observation data in a 
small analysis domain.  Observations were weighted based on presumed accuracies - an ad hoc 
approach. 

• Gilchrist and Cressman - 1954 advanced this for a single grid point and determined what is 
commonly known as the region of influence. Automated quality control by comparison to the 
previous numerical forecast known as background field, first guess, prior estimate. 

• Numerical Weather Prediction (NWP) was assumed to have perfect prognostics, then no 
corrections are made. 

• Model Output Statistics (MOS) is the use of NWP output to forecast the next day.    

• MOS became operational in 1972 using the technique of Glahn and Lowry. 



NWP and Data Assimilation 
• Numerical Weather Predictions (NWP) are assumed to make a good background for the 
analysis since it came from a good model, and retains information from older 
observations. 

• Assimilated data into NWPs provide information that would otherwise be unavailable 
between observations, based in part on the inclusion and movement of information from 
previous observations. 

• The forecast model fields contain numerical consistencies required for the model to 
make the next good forecast. 

• Large discrepancies between observations and the short-term forecasts can be used to 
determine if the data are suspect since the forecast is assumed to be good (this is possible 
even if the observations are not rejected outright). 

• A good forecast usually leads to a good analysis, resulting in another good forecast. 
However, a bad forecast may lead to a bad analysis, resulting in another bad forecast, 
until enough data are available to force the model to change. 



The formal approach for data assimilation 
analysis is to solve for the minimized subspace 

  (Xa-Xb) = dx  

Where, 
• dx is the subspace 
• Xa is the forecast   
• Xb is the background (initial) state. 



NWP: Prediction of future atmospheric states 
dU/dt = U(Sx,y,z, t+1) - U(Sx,y,z, t) = w x f[U(Sx,y,z,t) - Uobs] 

dT/dt = T (Sx,y,z, t+1) - T (Sx,y,z, t) = w x f[U(Sx,y,z,t) - Tobs] 

dq/dt = q(Sx,y,z, t+1) - q(Sx,y,z, t) = w x f[U(Sx,y,z,t) - qobs] 

U - wind direction and magnitude 
T - atmospheric temperature 
Q - atmospheric water vapor  
Sx,y,z - space dimensions 
t - time dimension 
w - assimilation weighting function 
f - interpolation function 



Four Types of Data Assimilation Strategies 

Sequential: uses only past obs (ti-1) 
    real-time analysis 

Non-Sequential: Obs from ti +ti+1 are 
used at time t in the model 

 retrospective analysis 







Vary X to minimize J(x) 







Variational Methods 

  Classical setting: finding the extremum of an integral 
involving a function and its derivatives 

Application: finding the trajectory of a particle under 
external field. 

  The key idea here is that the problem of interest is 
formulated as an optimization problem 









PART III 

Applications 



atmospheric data assimilation output (top)  
vs.  

observation based (bottom) 



atmospheric data assimilation output forced (top) 
vs.  

observation forced (bottom) 















QUANTIFY THE DROUGHT 
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Observational Networks 
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CRITICAL FACTORS 

Individual storm events 

“Hot spots” 
(Koster et al. 
2004) 

Varying vegetation between drought 
and non-drought 

Snow Water 
Equivalent 
Anomaly (mm) 



Estimation of distribution of irrigation demand 

Agricultural land 

Cereal production map 

Irrigation index 
Irrigation water use 

Agricultural water use  ③ 



OBSERVATIONS 

IMPROVED CAPABILITY 
TO ASSIMILATE AND 
 PREDICT 

INTEGRATED DECISION 
 SUPPORT SYSTEMS 

THE GLOBAL WATER CYCLE VISION: 
A NEW EPOCH OF WATER MANAGEMENT 

IN OUR LIFETIMES THAT IS BUILT ON FULL EXPLOITATION  
OF ENHANCED OBSERVATIONS. 
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WHAT WILL THIS NEW EPOCH 
LOOK LIKE IN TERMS OF 
SUPPORTING SYSTEMS?  

WHAT’S MISSING: 
- A FULL RANGE OF PRODUCTS. 
- ACCURATE MEASURMENTS AT REQUIRED RESOLUTIONS 
-  ADEQUATE ASSIMILATION AND PREDICTION MODELS. 
- BETTER WAYS OF HANDLING UNCERTAINTY.  
-  FLEXIBLE DECISION SUPPORT SYSTEMS THAT 
  EFFECTIVELY INCORPORATE WC INFORMATION. 



THANK YOU 


