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Possible Connection of Topics and Systems
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Schema of Meteorological Examinations

1. Meteorology: Qualitative formulation of the problem.
2. Mathematics: Quantitative formulation of the problel
3. Software: Based on Mathematics.

4. Meteorology: Application of Software.

John von Neumaniithout quantitative formulation

of the meteorological questions we are not able to
answer the simplest qualitative questions either.




Spatial Interpolation Mathematics for Meteorology?

— Nowadays the geostatistical interpolation methods

built in GIS are applied in meteorology.

— The mathematical basis of the geostatistical

interpolation methods:Geostatistics

— The geostatistical methods can not efficiently

use the meteorological data sel

— While the data series make possible to obtain

the necessary climate information.



Additive model of spatial interpolation
(normal distribution, temperature)

Predictand: Z(s,,t)
Predictors (observationsk(s,,t) (i =1,...M )
( s: space,t: time)

Statistical Parameters

Deterministic Parameters:
Expected valuesE(Z(s,,t)) (i =0,...M )

Linear meteorological model for expected values:

E(Z(s 1) = ult)+E(s) (i=0..M)

Temporal trend (unknown climate changgjt) , Spatial trend:E(s)




Stochastic parameters

Covariance preferred in mathematical statistics
and meteorology:

c . predictand-predictors covariance vector
C . predictors-predictors covariance matrix

Variogram preferred in geostatistics:

vy . predictan-predictors variogram vecit

I' . predictors-predictors variogram matrix



Additive (Linear) Interpolation

Interpolation Formula:%(so,t) =), + iAi Z(s ,t)
=1

M
where >’ A =1, because of unknowp(t).
=1

. 2
Mean Square Error (MSE):E [ (Z(so,t) — Z(So,t)j ]

Optimal Interpolation Parameters :

Ay A (i=1...,M) minimize MSE.



The Optimal Interpolation Parameters are
known functions of statistical parameters!

M
Optimal constant term: A, = > A (E(s,) - E(s,))
=1

Vector of optimal weighting factors: =[A,,...A,, |

1'C™1

L-1ry)
1'T71

_1qT -1
i, x:C1£c+(l 1 C C)lj (covariance form

i x:r*[y j (variogram form)



Conclusion

The spatial trend (deterministic part)
and the covariances (stochastic part)

are climate statistical parameters in
meteorology.

It means that:
We could interpolate optimally

If we knew the climate well!



Remark

Inadequate formulas:

- Inverse Distance Weighting (IDW),
A, =0, A (i =1...M) not optima

- Ordinary kriging,A, =0

Adeqguate formulas

- Universal kriging,
- Regression (residual, detrended) krig

But In geostatisticanodelling of statistical parameters
IS based on only the actual predictors




Modelling of climate statistical parameters

The obtained optimal interpolation formula:

M M

Z(s.t)= Y A (E(S) - E( )+ X426 1)

=1 =1

AT ~-1
where the weighting factorsi' = (CT +1' (1 Le C)jcl

Unknown statistical parametersE(s,)- E(s )(i =1....M ), ¢, C

Modelling: can be based on long station data sefiS; ,t) (t =1,...,n)

belonging to the stationS, (k :L..,K). Sample in space and in time!



Difference between Geostatistics and Meteorology
Amount of information for modelling the statistical parameters.

Geostatistics

Information only theactualpredictors Z(s,) (i =1,...M ).
Single realization in time!

Meteorology
Information: Stations with long data series. Sample in spadaranme!

Consequent| the climate statistical parameters in questiopgeiations
covariances) for the stations are essentially known

Much more information for modelling!



Remark 1

A single realization in time — i.e. only the actual
predictors

Z(s;) (i =1,.... M ) at the geostatistical metho«

IS iInsufficient climate information.

The data series make possible to know the climate!

It is the fundament of Climatology!

Remark 2

Nowadays however the geostatistical methods
— bulilt in GIS — are applied in meteorology!



Multiplicative Interpolation Formula of MISH

Optimum Interpolation Formula depends on the prdibglolistribution.
Multiplicative Formula based on lognormal distrilmut for precipitation sum:

Predictand Z(s,,t)  Predictors:Z(s,t) (i=1..M)

Zlo)=2 [Eqi Ezssi_,lt)w (qi [Zz9(8| ’t))ﬁi ] [Eqi fzg;t)iﬁ’ ' : fzg;t)i;é qi [Zf' ’t)n

M
where $>0, ¢ >0, > A =1and A 20 (i=1..M),
i=1

are the interpolation parameters.

The optimum interpolation parameters are uniquetgimined by certain

climate statistical parameters.



Interpolation with Background Information

Background information can decrease the interpmiagrror.
For example: forecast, satellite, radar data

Z(s,,t): predictand
M
E(so,t) = Ay + > AZ(s,,t): interpolation

=1

G ={G(st)| sLJD } : background information on a dense grid

Principle of interpolation with Background Informaat

Z (5,1) = Z(s,,1) + E(z(so,t)-ﬁ(so,t)\ Gj

[
where E(Z(so,t)— Z(sy,1)] Gj is the conditional

O

expectation ofZ(s,,t) - Z(s,,t), givenG.



Reanalysis data
Based on Data Assimilation, variational analysis
Minimization of the variational cost function:

‘](Z) = (Z - g)TQ_l(Z ~ g) + (yo - FZ)T P_l(yo - FZ) ’

z . analysis field, predictand (grid),

g: background field (forecast), assumptiE(‘z\ g): g,
y, . observations, predictor§iz = E(yo\z),

Q, P: covariance marict

In essence:
Interpolation with background information + Quality control



Problem with Reanalysis data
I, Inhomogeneous predictor station data series
I, Few stations, little spatial representativity

1, Problem with the data assimilation formula:

- Lack of good climate statistical parameters in magy

- Assumption:E(z|g)=g?

mportance of gridded databases with good quality
~or example: CARPATCLIM project




Software used at CARPATCLIM project

http://www.met.hu/en/omsz/rendezvenyek/homogeropati
nd_interpolation/software/

MASHv3.C3

Multiple Analysis of Series for Homogenization;
Szentinrey, T.

MISH v1.03

Meteorological Interpolation based on Surf
Homogenized Data Basis;

Szentimrey, T.and Bihari, Z.



The main features of MISHv1.03

l. Modelling system for climate statistical parameers in space

Based on long homogenized data series and modabies.

Modelling procedure must be executed only onceredfte interpolation
applications.

Spatial interpolation system

Additive (e.g. temperature) or multiplicative (epgecipitation) model
and interpolation formula can be used dependmthe climate elements.

Daily, monthly, annual values and many years’ meamsbe interpolated.
The expected interpolation error is modelled too.

Capability for application of background informatisuch as satellite, radar
forecast data.

Capabillity for gridding of data series.



There Is no royal road!

Thank you for your attention!



