39447

. ANBUL TECHNICAL UNIVERSITY x INSTITUTE OF SCIENCE AND TECHNOLOGY

39417

OBJECTIVE ANALYSIS WITH POINT CUMULATIVE

SEMIVARIOGRAMIN METEOROLOGY

M.Sc. THESIS

ZEYAD Z. HABIB

Date of Submission

Date of Approval

Supetrvisor

Member

" JULY 1993

June 24, 1993

July 9, 1993

Professor Dr. Zekai SEN
Professor Dr.Ferruh MUFTUOGLU
Assistant Prof.Dr. Mikdat KADIOGLU



3

iSTANBUL TEKNiIK UNIVERSITESIi * FEN BILIMLERIi ENSTITUSU

METEOROLOJIDE NOKTA SEMiVARIOGRAM

iLE OBJEKTIF ANALiZ

YUKSEK LiISANS TEZi

ZEYAD Z. HABIB

Tezin Enstitiiye Verildigi Tarih : 24 Haziran 1993

Tezin Savunuldugu Tarih : 9 Temmuz 1993

Tez Danigmani : Prof.Dr.Zekéi SEN

Diger Jiri Uyeleri :  Prof.Dr.Ferruh MUFTUOGLU
Yrd.Dog.Dr.Mikdat KADIOGLU

TEMMUZ 1993



ACKNOWLEDGMENT

Firstly, I would like to express my sincere gratitude to
my thesis supervisor Professor Dr. Zekai Sen for his valuable
help, support and advises during my study.

I wish also to thank Assistant Professor Dr. Mikdat
Kadioglu for all his general help and for their help in
obtaining of the data used in this thesis.

I would also like to thank my brother Zahdi for his help
in obtaining of some references.

Finally, I would like to thank my family for their
patience and support during the preparation of this study.

Zeyad Z. Habib
June 20, 1993



CONTENTS

ACKNOWLED GMENT ..o e iaieienens 1i
CON T ENT S oo e et e ettt ae s naaianees 1i1
LIST OF SYMBOL S o e v
LIST OF FIGURES .. i e vii
LIST OF TABLE S .. ittt it et e eneeas 1X
SUMM AR Y o e X
Oz T e e e xi

CHAPTER 1. INTRODUCTION

Ll Genmeral oo 1
1.2 Map Projection ....ooiviiiniiiiiciiii e 4
1.2.1 Grid Structure .......ooveiiiiieiinnnnn. ... 5
1.2.2 Polar Stereographic Projection............... 6

CHAPTER 2. SPATIAL VARIATION

2.1 General. ..ot 8

2.2 Cumulative Semivariogram ( CSV )................ 9
2.2.1 Practical Construction of CSV................ 10

2.3 Point Cumulative Semivariogram (point CSV ) 13
2.3.1 Practical Construction of Point CSV ....... 14
2.3.2 Point CSV Modelling ..................con. 15

CHAPTER 3. OBJECTIVE ANALYSIS

3.l General. oo e 17
3.2 Successive Correction Method ....................... 18
3.3 Modification of SCM ...t 19

3.3.1 Practical Construction of MSCM ............ 22

CHAPTER 4. RESULT AND DISCUSSION

4.1 Analysis of Point CSV . .oooiiiiiiiiiiiiieeeneeeeeeenn, 23
4.2 Comparison between SCM and MSCM ............ 29

111



REFERENCE S ..o 35

APPENDIX AL 38
APPENDIX B ..o 61
CURRICULUM VITAE ..., .. 87

iv



LIST OF SYMBOLS

constant grid size in x-direction.
constant grid size in y-direction.
maximum grid points in x-direction.
maximum grid points in y-direction.
any latitude.

any longitude.

map-scale factor.

standard parallel latitude.
longitude of map original point.

the cumulative semivariogram.
the scalar distance between any two points.

the scalar distance between reference point
and another surrounding stations.
the-half-squared differences of
meteorological data between reference
point and all other stations in study area.
the-half-squared differences of
meteorological data between any two
points.

theoretical cumulative semivariogram.

theoretical point cumulative

semivariogram.

the scale parameter of power model.

the shape parameter of power model.

any meteorological regional variable.

the number of distances between n
observation stations.

the number of distances between reference
point and all other stations in study area.

A2



SCM
MSCM

Wy

VP s
GMT

number of observation stations.
successive correction method .
modification of the successive correction
method.

the weighting factor.

influence of radius.

the maximum point CSV.

Greenwich Meridian Time.
constant for smoothing for SCM.

vi



LIST OF FIGURES

Figure No.

ot e ot
Wd N

.-lik.-h-&-ub-)t\}
L DD rt et ) s

-+
$on

> P> o e B
RO W e W

. .

A.10.
A1l
Al12.
A.13.
Al4.
A.15.
A.l6.
A 17.
A.18.

Grid points and observation station. ..................... 2
Network and grid points struvture. ....................... 5
Polar stereographic projection with standarad

parallel 42.5° N ... ... 7
Sample CSV scatter diagram. ............................... 12
Reference point and surrounding stations.............. 14
Point CSV model. ... .. 20
Point CSV for station no. 15480........................... 26
Point CSV for station no. 17026........................... 26
Point CSV for stationno. 17248 .......................... 27
Isoline of the radius of influence. ........................ 28
Analysis of surface pressure with SCV.................. 30
Analysis of surfece pressure with MSCM. ............. 31
MSE variation with station number....................... 33
Point CSV for station no. 12843, ........................... 39
Point CSV for station no.12982. ........................... 39
Point CSV for station no. 13242 ........................... 40
Point CSV for station no. 13353 ........................... 40
Point CSV for station no.11968. ........................... 41
Point CSV for station no. 15004, ........................... 41
Point CSV for station no. 12882, ........................... 42
Point CSV for station no. 15230, ........................... 42
Point CSV for station no. 13275, ..., 43
Point CSV for station no 15511 .......... 43
Point CSV for stationno. 15614............................. 44
Point CSV for station no. 13583 ... ....................... 44
Point CSV for station no.16643............................. 45
Point CSV for station no.16682............................. 45
Point CSV for station no. 16730............................. 46
Point CSV for station no.16734............................. 46
Point CSV for station no.33587.................... 47
Point CSV for station no.17050............................. 47

vii



A.19.
A.20.
A2l
A.22.
A.23.
A.24.
A.25.
A.26.
A.27.
A.28.
A.29.
A.30.
A3l
A32.
A33.
A34.
A 35,
A.36.
A.37.
A.38.
A.39.
A.40.
A4l
A42.
A.43.
A.d44.

Point CS’C’ for station no. 17059 ..., 48

Point CSV for station no. 17110............................. 48
Point CSV for station no. 17150.............oociiiiiiiii. 49
Point CSV for station no.17188....... s 49
Point CSV for station no. 17292 ... .. S50
Point CSV for station no.17218.....................o...... 50
Point CSV for station no.3379) ... i, 51
Point CSV for station no.33837 ..., 51
Point CSV for station no.33946.....................c....... 52
Point CSV for station no. 17022 .. 52
Point CSV for station no. 17024 ............................. 53
Point CSV for station no.17128................... ... ... 53
Point CSV for station no. 17124 ............................ 54
Point CSV for station no.17190............................. 54
Point CSV for station no. 17244 ........................... 55
Point CSV for station no. 17240.......... ..., 55
Point CSV for station no. 17330............................. 56
Point CSV for station no.34824............................ 56
Point CSV for station no 37018 ............................ 57
Point CSV for station no.17030............................. 57
Point CSV for station no. 17370 ... .. S8
Point CSV for station no. 17260............................. S8
Point CSV for station no.17200............................. 59
Point CSV for station no. 34858 ..., 59
Point CSV for station no. 37054 ... ..., 60
Point CSV for station no. 17098 ............................ 60

viii



LIST OF TABLES

Table No.
1.1 Data used in this study...................oco 3
4.1 Power model parameters. ............ocovviviinieiiinnn. 23
2 Comparison of estimates calculated by the SCM
and MSCM with the true values.......................... 32
4.3 Comparison of two methods by using MSE.......... 34

iX



SUMMARY

The main purpose of the thesis is to develop a new
technique in objective analysis by using point cumulative
semivariogram , and compare it with some of the powerful
objective analysis methods such as successive correction
method.

It is possible to define the point cumulative
semivariogram_ as a measure of variability around any
single station by considering other station effects on this
station which will be referred here onward as the reference
point. The main reason of finding the point cumulative
semivariogram is for det.ermu.nng e radius of influence
which plays a major role in objective analysis.

A modification of an objective analysis proposed here
as the modification of successive correction method has
only one scanning operation and it does account for the
distfribution of observation relative to each other.

The results in this research indicate that the new
method for objective analysis given comgarahvcly the best
results in term of accuracy, especially for sparse station
densities. The methodology of this research has been
applied to pressure data around and within Turkey.



OZET

METEOROLOJIDE NOKTA SEMi-
VARIOGRAM iLE OBJEKTiF ANAL1Z

Sicaklik, basing, nem, vyafig ve benzeri gibi
meteorolojik degiskenler zamansal degisimlerine ilave
olarak bir alan tzerinde de defisimler gosterirler. Bu
degiskenlerin yer istasyonlarinda zaman ile olan siirekli
8l¢imlerine rafmen alansal siireklilik ancak birbirinden
yerine g&re kilometrelerce uzakta olan istasyonlar vasitas:
ile yapilir. Hava tahminlerinin J'a 1lmasinda degiskenlerin
hantafanmn 1zilmesi ana hedeftir. Burada karsilasilan
tiglik ayrik olan istasyon verilerinden haritalann en iyi bir
%igxmde yapilmasidir. Bu amagla gelistirilmiy deégisik
yéntemler bulunmaktadir.

Bu y&ntemlerin basinda gok eskiden beri kullanila
gelen el ile kontur efrilerinin ¢izilmesi gelir. Bu yéntem ile
1zilen haritamin  sagh§y onu _ g¢izen sahsin ~ bilgisine,
ecerisine ve tecriibesine ¢ok bagli olacagindan degisik
kisiler tarafindan yapilan haritalarin da birbirinden bazen
¢nemli derecede farkli olmasi muhtemeldir. Bu sebeple bu
yontemler 'subjektif olduklarindan ¢ofu zaman kiigik te
olsa goriiy aynliklanina yol agarlar. Bu bakimdan xfxsel
cimayan ‘objektif' y&ntemlerin gehistirilmesi isine 1955
yillarinda Bergthorsson ve Dd&és tarafindan  sunulan
matematik esasli bir yoéntemle baglanmigtir. Objektif
yontemlerin gayesi kullanicidan kullaniciya defismeyen ve
ayn1 verilerfe. ySntemin tatbik edilmési halindé aym
sonuglara varilmasidir. Bu ydntemler incelenen olayin &z
karakteristiklerini  géz Sninde tutacak  bigimde
gelistirilmiglerdir. O giinden bu giine kadar defisik veya
esasta aynm1 olupta baz kiigiik ilavelerle ileriye stirtilmiis
birgok ‘yéntem bulunmaktadir. Bitin bu “yéntemlerin
uygulanmasinda takip edilen sira asagidaki gibi olmugtur.

(1) . gelisi giizel yanj diizensiz bir sekilde dagilmis olan
1s‘tas.¥oq]arda.n elde edilen gézlemlerin igerdifi
bl]El erin  bir sebekedeki diizenli olan igim

__ noktalarina aktanlmasi

(11) veya diizenli olan dugim noktalarinda mevcut olan
harita  bilgilerinin diizensiz istasyon mnoktalanina
aktanlmasi. == ) o
Bunlardan _ birinci adim istasyon  verilerinden

yararlanarak haritalann yapilmasi igin gerekli olan dugim

noktasy vert tahminlerinin yaénlmasma karst gelir. Bu
adimin  d:ler bir faydasi® da  sayisal hava &ngori
ySntemlerinin uygulanabilmesi igin gerekl’ olan dizgiin
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iebekele.rig belirlenmesinden _sonra _diigim noktas:
egerlerinin tesbitini takiben differansiyel denklemlerin
sonlu farklar yontemi ile ¢6ziimlerinin yapilarak zamansal
hava tahminferinde bulunmaktir. Literatirden agikga
gcjir,ﬁlmektedn; ki bu tiir tahminlerin en zor agamalarindan
iri diizensiz  istasyon  verilerinin dizenli digim
noktalarina intikal ettirilmesidir.

Yukardaki adimlardan ikincisi ise yapilan tahminlerin
dogruluklarini tesbit etmek ve ‘gelecege yonelik tahminlerin
daha kisa ve ardigik yaklagimlarla bulunabilmesi igin etkin
yontemlerin gelistirilmesinde faydalar vardar.

Gozlemlerin dizgin noktalara taginmasinda kullamilan
yontemlerin esasim1 daha ziyade mesafeye gore degigimleri
%61‘ Oniinde tutan agirlikli’ ortalamalar alir. Bunlann en

asitini ters-kare-mesafe yontemi tegkil etmektedir. Ancak
bu Kﬁntem sadece mesafeye bagl kaldif1 igin istasyonlarda
ol¢lilen meteorolojik olaylarin yapilarindaki karskteristik
de 1?1'1n1er1 ihmal eder. "Bu_bakimdan kullanilmasi ¢ok
siiratli sonuca getirmesine ragmen fiziksel hi¢bir dayanag:
olmadig: i¢in mahzurludur. Bu_  mahzurlarni ortadan
kaldirmak i¢in aragtiricilarin geligtirdikleri yéntemlerden
bir digeri de fonksiyon uydurma yontemi olmustur. Bu
yonteme yer bilimleri literatiriinde 'ttend nvydurma' ydntemi
de adi verilir, Bunun amaci bir bolgedeki istasyonlarin
konumlarn (enlem ve b.oz-lamlan veza elirli bir baslang:
noktasini esas alarak istasyon nokialarinin koordmatlang
ile gozlenen deferleri arasinda_ baginti  kurulmasidir,
Burada herhangi bir meteorolojik defiskenin alansal
degigimlerinin konum koordinatlarina™ " bagli  olarak
fonksiyonunun bulunmasing ufrasilir. Bu y6ntemin
léu lanilmasindan  vaz egthitu %ﬁnkﬁ meteorolojik

1

n

b

1

e% skenin kendisine has olan degisimleri fiziksel
edenlere degilde, olay istasyonun konum koordinatlarina
aglanmigtir.” Boylece bir 6lgiiye kadar bolgenin
topografyas: igin i¢ine katilmig olmasi ters-kare-mesafe
yontemine gdre bir Ustiinlik arz etmektedir.

Meteorolojide en yaygin olarak kullanilan ySntem ise
1959 yilinda Cressman tarafindan ortaya atilan ve her
istasyon igin sabit oldufu kabul edilen dairesel etk
alaninin yarn g¢apinin belirlenmesi ile baglamigtir. Buradaki
fiziksel ve mantiksal kavram bir istasyondaki verilerin
komsu istasyon_ verileri ile olan iligkisinin aradaki mesafe
ile ters orantih olarak azaldifi esasina dayanmaktadir,
Boylece bir istasyon verisinin belirtilen yan algh dairesel
alan iginde kalan istasyonlarin verileri ile ‘agirlikli ortalama
kavrami ile bagintili’ olduklari ortaya ¢ikar. Béyle bir
aricapin belirlenmesi bu yontemin “en kritik noktasimi
eskil eder. Cressman y6ntemin uygulanmasinda dnce 1500,
sonra 700 ve daha da sonra 300 metre gibi ampirik olarak
tesbit ettifi ve iyi sonu¢ verdifini belirttidi yarigaplan
ardisik olarak uygulayarak diigim noktasi degerlerini
bulmugtur. Bu yontemde uzun yillar 6zellikle A'B.D.'de
kullanilmigtir. ~ Yontemin  tenkit edilecek  mnoktas:
yarigaplarnn belirlenmesindeki siibjektifliktir.
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Daha sonraki ¢aliymalarda Tiebaux ve Tedder(1987)
tarafindan _ istasyonlar _ arasindaki __ korelasyonlarin
hesaplanarak yarigap tayini yoniinde teklifler yapilmigtir,
Bu teklif ile Onerilen yontemim esasinda olayin fiziksel
yapis1 diger yontemlere gore daha fazla ~yansitilmig
olmaktadir. Yangap olarak korelasyonun sifira’ yaklagtifi
ortalama  mesafe alinmigtir. Boylelikle !angap
belirlenmesindeki siibjektiflik ortadan kaldinlmis
olmaktadir. Ancak Gerek bu Xazgrlar ve gerekse Cressman
tarafindan sunulan yontemlerdeki yarigaplann tim mintika
icin_gerekli oldugunun kabuli pek gergekle uyuymaz.

tinkt bir bél%e eki meteorolojik olayin geligmesinde
atmosferik olaylar ile yeryiizii gekillerinin rol ‘oynadigi
diigiinilarse tiim bolge igin sabit bir yarigap yerine herbir
istasyon ig¢in degigik olabilecek gangaplarm belirlenmesi
gerekmektedir. Boyle bir yontem her ne kadar fazla zaman
almaktaysa da varilan sonu¢larin daha sa%hkh olacaklarn
agikardir. Diger bir onemli nokta da bu tur yarigaplarin
ayni bir istasyon i¢in zamanla da degwbken olmasidir,
Elastik diyebilécegimiz boyle bir yar: ¢apin belirlenebilmesi
i¢in ilk digiinceler bu ¢aligmada ortaya siiriilerek gerekli
yontem yer bilimlerinde gincel olarak ¢ok kullanilan
Kriging' "yonteminin esasini tegkil eden variogramlardan
esinlenerek sunulmugtur.

Bu ¢alijmada yerbilimleri _literatiriine Jen(1939)
tarafindan  bolgesel E1.e01c_>;1k deglgkenlenn haritalarinin
¢izilmesi i¢in teklif edilmi§ olan "Toplam Semi-variogram'
ontemi deg1%t1nlerpk uzﬁulannn; II. imdiye kadar
iteratiirde gérulmemis 'Nokfasal Toplam JSemi-variogram'
onteminin esaslarn bu ¢aligmada atilarak uygulamalar
irkiye'yi de ig¢ine alan bir 61%3 i¢in yapﬂmli ve elde
edilen sonuglar meteoroloji literatiirinde en sik kullanilan
ardigik diizetmeler yontemi ile karsilagtirilmigtir. Noktasal
Toplam Semi-Variogram'in elde edilmesi agagidaki
adimlardan sonra miimkiindir. ] .
(i) Belirli bir istasyon ile difer istasyonlar arasindaki
. mesafeleri hesap ederek bul, . ]
(ii) her iki jistasyonda yapilan meteorolojik goézlemlerin

aralarindaki ~farklarin karelerini hesapla. Boylece

heﬂ&lr mesafeye karsi gelen bir fark karesi degeri
vardir.

(iii) birinci adimda bulunan mesafeleri kii_%i_iktgn biyiige
dogru siralayarak diz ve ayn) zamanda ikinci adimdaki
dtetgerlerl de bu mesafe dizimleri ile birlikte hareket
ettir, L

iv) ardagik olarak fark karelerini topla, _

v) mesafe yatay eksende toplam fark kareleri digsey
elgsctmde olacak gekilde milimetrik kagitta noktalar

oster :

(vi) gldq edilen sonu Ftafik noktasal toplam semi-
variogram, (NTSM§ olarak adlandirilir.

Boylece elde edilen sekil verilerden elde edildigi igBin
ona drnek noktasal toplam semi-variogram adi verilir. Bu
grafik bir anlamda istasyonlar arasindak: alansal bagintiy:
ifade eder. Yapilan ¢aliymada gdéz Oniine alinan basing
verilerinin alansal dagilimlarinin’ NTSM'larinda agagidaki
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6zellikler goriilmiugtiir,

(1) ﬁgqeld_e_ NTSM iki kisimdan oluyur. Bunlardan
birincisi kiigiik mesafeler boyunca olan egrisel kisim
ille biyik mesafeler boyunca olan” dogrusal

... kisymlardir. . .

(i1) egrisel kismin egrilii mesafe arttik¢a azalir bu ise
fiziksel olarak mesafe ile istasyonlar arasindaki

. korelasyonun azaldig: anlamina gelir.

(iii) biyik mesafelerde dogruya yakin olarak seyreden
NTSV kismi ise korelasyonun ithmal edilecek kadar az

.. oldugu anlamina gelir.

(iv) NTSV grafigindeki noktalarin sagilimlarinin az olmas:
ve genelde belirli bir efri boyunca az sapmalarla
ortaya ¢ikmalarinin  6nemli © anlam:i_ incelenen
metéorolojik olayin o istasyon civarinda homojen bir
yap: gosterdifi anlamina gelir.

Biitiin bu yorumlar da dikkate alinarak yapilan
aragtirmalar ~ sonucunda bu  aragtirmadaki “basing
degerlerinin teorik noktasal toplam semi-variogram'larin
iissel (power) iekhnde bir modelle genel olarak temsil
edilebilecegi anlagiimigtir. Boyle bir modelde birisi gekil
digeri 6lgek olmak uzere iki tane birbirinden bagimsiz
Earamegre vardir. Bunun sonucu olarakta g¢aliymadaki
erbir istasyonun parametreleri ayr1 ayn hesag. edilmigtir.

Model ve “parametreler yardimi” ile” artik bir istasyon
etrafindaki meteorolojik ‘olayin alansal korelasyonlarini
istenilen her nokta i¢in hesap edebiliriz. ) _
) Ustel NTSV modelinin kullanilmas: ile herbir
istasyona ait tesir yari g¢aplari ayri ayri hesap edilmigtir.
Tesir ¢aplarn bulunmasinda en biylk NTSV degerinin
yarisina_ kargt gelen mesafe bu “yarigapa esit kabul
edilmigtir. Boylece elde edilen tesir yar:1 ¢aplarinin o bolge
fizerinde tesis edilen kontur haritalari vasitasi ile istenilen
herhangi bir nokta ig¢in tesir yar_lgapl_lmg otomatik olarak
okunmasi miimkiin olabilmektedir. Tabii ki baylelikle o
bél%e tizerinde dugtnilen her tirld sebekenin digim
noktalarinin tesir yari ¢aplarimin da kolayca bulunmasi
sa%lannns olur. qu'le bir haritanin tesir yari dqa larinin
belirlenmesine 1laveten meteorolojik eﬁ kenin
yapisindaki bagimliliin boélge igindeki dagilimy hakkinda
da yorumlar )iapﬂa ilir. "Ayrica meteorolojik olayin
homojen dagilimli olup olmadig: da gorilebilir.

. Me;eorolejik verilerin = O6ngdri haritalarinin
¢izilmesinde Cressman yontemi ve difer yOntemlerinde
esasim teskil eden agirlikly ortalamalar “formilindeki
agirliklar yerine istasyon uzakliklarina Fﬁre teorik noktasal
toplam semi-variogram'dan degerler bulunarak uygulamalar
yagllmlgtlr. Alansal tahmin yontemi olarak ise literatiirde
&o aygin kullanmilan ardasik diizeltmeler ydnteminin
TSV Kkavram ile birlestirilmesi ile ortaya ¢ikan yeni bir
versgpn kullanilmigtir.” Burada sunulan yeni y6ntemin
oncekilerden daha 1yi olup olmadifinin aragtirilmas: igin
¢apraz korelasyon metodu kullanilmigtir. Varilan 6nemli
sonuglar gunlardir. .
(1) az ‘sikhiktaki bolgelerde sunulan yontem diger
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{ontemlerden ¢ok daha iyi sonuglar verir. .
ilgisayarda zaman ‘acisindan  yeni  ydntemin
digerlerinden fazla farks o mamigtir.
(111) yeni ybntem gergek haritalarla kiyaslandifinda daha
]311 sonug ar vermlgtlr

¢alismada sunulan yontem diger meteorolojik
verilere de
uyguéanarak gelecekte pratife déniik ¢aliymalarin yapilmas:
gerekir.
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CHAPTER 1
INTRODUCTION

»

1.1 GENERAL

The main purpose of this study is to develop new
method for representing regional variability  changes
around one single station within any study area, for
calculating the radius of influence around that station.
However the second purpose is modification of Successive
Correction Method in Objective Analysis by using this new
method. '

The data employed for this study is surface pressure
taken from 47 observation surface stations at 1200
Greenwich Meridian Time ( GMT ) on 19 June 1990. By
using the polar stereographic projection, longitudes and
latitudes are converted to Cartesian coordinates on a plane
surface ( see Table 1.1 ). Herein, the network has maximum
grid points along x-axis as 9 grids and the maximum grid
points along y-axis as 7 grids. Within this network the grid
size is calculated as 300.5 km corresponding to 3°. Figure
1.1. illustrates the mnetwork of grid points and the
distribution of observation stations in the study area.

The rectangular of grid points is centered at point
with longitude 30°E and latitude is the standard parallel
latitude in which 42.5°N.

One can get the impression from the data available in
Table 1.1. that surface pressure system is defined by a
weak cyclone with a central pressure of 1018 mb, which
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was located in south east of study area, and high pressure

was located in the center of the study area.

Table 1.1. Data used in this study.

Station Latitude Longitude X Y Pressure
no. (°N) (CE) (km) (km) (mb)
12843 47.26 19.11 545.09 1595.81 1017.6
12982 46.15 20.06 592.54 146541 1018.6
13242 44 .47 17.13 336.46 1330.52 1017.1
13353 43.50 18.20 396.37 1208.26 1018.3
11968 48.42 21.16 711.38 1692.83 1016.0
15004 47.58 23.55 868.81 1581.15 1018.4
12882 47.29 21.38 708.64 1570.96 1018.4
15230 45.53 22.54 767.61 1370.60 1018.2
13275 44 .47 20.32 580.99 1281.77 1018.1
15511 43.49 23.14 786.26 1143.08 1018.7
15614 42.49 23.23 780.36 1032.24 1017.1
13583 41.03 21.22 592.16 893.18 1016.2
16643 38.57 20.46 482.2 627.88 1019.8
16682 37.55 21.27 §36.10 500.16 1018.1
16730 37.27 24.57 833.51 430.54 1017.1
16734 36.50 21.42 531.50 377.37 1018.4
33587 48.46 30.14 1344.02 1648.97 1017.1
15480 44.13 28.38 1206.45 1182.51 1019.0
17050 41.40 26.34 1026.49 887.60 1018.2
17059 41.18 29.00 1249.59 853.82 1017.9
17110 40.11 25.54 948.06 747.41 1018.5
17150 39.37 27.55 1118.31 652.90 1017.1
17188 38.40 29.25 1266.59 537.71 10l6.4
17292 37.12 28.21 1168.34 391.97 1014.0
17218 38.30 27.01 1064.39 532.82 1016.4
33791 47.56 33.20 1565.47 1559.25 1016.1
33837 46.29 30.38 1362.52 1416.16 1017.6
33946 45.01 33.59 1610.89 1285.70 1016.3
17022 41.27 31.48 1458.98 864.80 1019.0
17024 41.59 33.47 1624.53 907.86 1019.5
17026 42.02 35.10 1756.37 965.93 1017.4
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17128 40.07 32.59 1558.68 732.92 1018.2
17124 39.47 30.34 1364.02  659.77 1018.6
17190 38.45 30.32 1362.91  543.10 1017.1
17244 37.38 3233 1547.74 447.06 1016.3
17240 37.45 30.33 1364.48  427.75 1015.2
17248 37.30 34.04 1706.6° 423.41 10158
17330 36.22 33.56 1670.22  294.85 1012.0
34824 46.02 38.09 1940.7 1429.74 1014.5
37018 44.06 39.04 2044.96 1229.20 1012.8
17030 41.17 36.20 1857.4 880.30 1015.7
17370 36.35 36.10 1907.68 330.18 1011.3
17260 37.05 37.22 2002.22 42340 1012.4
17200 38.26 38.05 2058.94 572.18 1012.1
34858 45.55 43.21 2330.76 1451.24 1013.5
37054 44.13 43.06 2354.7 1297.52 1013.9
17098 40.36 43.05 2448.77 888.16 1010.7

1.2 MAP PROJECTION

For meteorological analysis and it's application like
numerical weather prediction and viewing data, one needs
representation of the earth surface on a plane surface. For
- these purposes it is prefered to make map projection of
the spherical coordinates of points on earth surface to
Cartesian coordinates on a plane surface.

The map projections most common used iIn
meteorology are the Mercator, polar stereographic and
Lambert conformal. The Lambert conformal is often used
for map representation in middle-latitudes, polar
stereographic is often preferred for map analysis in middle
and high latitude and Mercator projection is often used for
low-latitude ( tropical latitudes ) studies. The choice of
particular projection in mapping for meteorology depends
largely on the geographical position of the area involved.



1.2.1 GRID STRUCTURE

The points of network or grid points that are normally
used for meteorological applications 1in the finite-
difference method are not separated by uniform angular
increments of latitude or longitude. but are separated by a
uniform Cartesian-coordinate system on a map projection
of the earth's surface.

The grids are generally in square form with
sides Ax = Ay, and with maximum grid in x-axis as
imax and in y-axis as jmax, as shown i1n Figure 1.2. The
point Xx =0, y = 0 is defined as the lower left corner
with i = 1, j =1. The array of grid points are regularly
distributed within the study area where the observation
points, 1. e., meteorological stations are irregularly
scattered within these grid points of network. In the whole
rectangule, the grid points must be centered at latitude &,
and longitude %  with X = 0 and Y = 0, (Anthes, Hsie,
Kuo, 1987).

ijax

-
(%, %) x
o > X
’;f’ _:_8 Horizontal grid structure. imax

Figure 1.2. Network ‘and grid points structure.



Any vaniable can be defined at .the network by the
following relationship

x(1,j)=(i-1)ax (1.1)
y(i,j)=(j-1)4Y¥ (1.2)

where 1 =1, 2. 3,...,imax
j=1, 2, 3,...,jmax

Furthermore the relationships between ( x, y ) and ( X, Y )
are given by

x=X + EEX—Z—-—I_ AX (1..3)
y=Y jma.x;- ! Ay (1.4)

1.2.2 POLAR STEREOGRAPHIC PROJECTION

In this research, polar stereographic projection is
used for study area because it is valid for middle and high
latitudes. In the case of limited area analysis it can be more
convenient to define a map origin at longitude * and
standard parallel latitude ® corresponding to the point
with X =0 and Y = 0.

The relationship, between the map location
coordinates ( X , Y ) and latitude ¢ and longitude * is
given by Thiebaux and Pedder (1987) as (see Figure 1.3.)

X =amcos¢sin{h —A,) (1.5)



Y =afcos ¢, — m cos ¢ cos (A —2,)] (1.6)

mo it s (1.7)
1+ smn ¢

where m - is map-scale factor which is defined as the ratio
of the distance on the map ( on plane surface ) to the
corresponding distance on the sphere.

¢ any latitude { negative for south latitude )

A any longitude ( negative for west longitude )

a redius of the earth

S
Figure 1.3. Polar stersographic projection with standard
parallel 42.5° N.



CHAPTER 2
SPATIAL VARIATION

2.1 GENERAL

The Spatial Variation which 1s also referred to as
"Regionalized” Variables of any meteorological variable is
a function describing natural phenomena that have
geographical distribution such as temperature, air
pollution, rain, etc. Furthermore, it has continuity from
point to point but the changes in the variable are complex,
to the extend that it can not be described by any function,
(Davis, 1986). Also it can be define as "it 1s any
numerical function with a spatial distribution that varies
from one place to another with apparent continuity whose
changes can not be represented by any workable function”,
(Olea, 1974). '

Weather maps are two-dimensional representations of
meteorological variables for synoptic analysis or for
viewing data. These maps are representations of the
spatially continuous meteorological variables at discrete
points where the variability is sampled.

- Meteorological stations are the locations for the data
measurements. Between these data stations, logically, there
1s a spatial continuity. For instance, two close stations
to each other are more likely to have similar values than
two that are far apart. A quick look at observation data
map, indicates that the values do not appear to be randomly
located, but rather systematically low values tend to be



-near other low values and high values tend to be near other
high values, (Isaaks and Srivastava, 1989 ).

The spatial variation similar to the time variation In
some properties, indicates a correlation between variables
at adjacent points, and also there are some important
difference. In temporal variation the distance between
successive points is constant time interval, however in
spatial variation there are two-dimensional coordinates for
distribution of data and the distance between points are not
necessarily equal intervals as they are in time variation.
Also there are no exact periodic fluctuations in space like
in time except, that the variabilities repeat themselves after
one revolution of earth's circumference, ( Panofsky and
Brier, 1968 ).

The literature is full of various statistical tools using
to describe the relationship between two variables so as to
know spatial continuity like variance techniques and the
classical autocorrelation methods. Nevertheless, these
methods are not helpful to account directly for the spatial
dependence or for the vamnabilify in term of sample
positions.

2.2 CUMULATIVE SEMIVARIOGRAM (CS8Y)

The cumulative semivariogram ( CSV ) is a new
technique in modeling of meteorological data which are
commonly observed at irregular meteorological stations.
The basis of this technique is proposed in detail by (Sen,
1989). :

The CSV 1is defined as "The summation of half-
squared-difference which are ranked in ascending order
of distance” and it can be defined mathematically as:
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e X
Yo = _T_;AZ. (2.1}
k=

Ck

in which AZ_ indicates the half-squared difference at k-th
order in an ordered distance arrangement where superscript
k indicates the rank and Z. any meteorelogical variable
corresponding to rank k, (Sen, 1993). °

It is used as a method for determining various
properties such as the range of influence; to find more
information about homogeneity; continuity; dependence;
independence and correlation. The following advantages
make the CSV attractive in practical application.

a) The CSV is a nondecreasing function.

b) The slope of CSV 1is an indicator of regional
dependence between pairs of spatial points separated
by the distance.

c) The CSV may be used for irregular distribution of
data within study area.

2.2.1 PRACTICAL CONSTRUCTION OF CSV

In order to calculate cumulative semivariogram for
modeling meteorological data one must apply the following
steps:

a) Compute the scalar distance between all possible two
pairs of observation station by using the definition of
~distance from analytical geometry as

D, = J(x, —x) - (v, -y, (2.2)

where i#j and
k=1 23, ,m
1 =1 2,3,...,n



b)

d)

11

Herein D, is the scalar distance between any two
stations with coordinates (x,y,) and coordinates

(x,,¥,), respectively.

The number of distances among n observation
stations is m, and it is given as :

m::_._"_(il_:_‘__ll (2.3)

e
2
e

For example if n = 5 then there are m, = 10 different
half-squared difference and distance values.

Calculate the half-squared differences, between every
pairs of meteorological data values at all observation
stations. Hence, for each distance D_,, a

corresponding half-squared difference will be
calculated as:

where i=%j.

Sort the distances in ascending numerical order while
making the corresponding rearrangement of the half-

squared difference AZ_, herein the subscript k also
indicates the degree of sorting. For instance AZ,
denotes the second smallest half-squared difference.

Find the cumulative summation of AZ_ after sorting

then the CSV, can be written mathematically as in
equation 2.1.
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e) Plot the ordered distance in horizontal axis and CSV
values in vertical axis and then we get the CSV
diagram.

The execution of these five steps leads to desired CSV
which is exemplified in Figure 2.1. Such a CSV shows the
general dependence structure of regionalized variable
without any detail around each point.

12000

10000 -1L

M"\-......,

/

4
£
csvy 6000 —+ /
4000 —+ //
2000 4
(/]
m 1597

Distance

Figure 2.1. Sample CSV scatter diagram.



13

-

2.3 POINT CUMULATIVE SEMIVARIOGRAM
( POINT CSV)

The CSV as explained in the previous section is not
convenient for representing regional vanability changes
around every single station within any study area. It gives
rather a constant variability all over the region. However, 1t
is well known in meteorology that such small scale
variations appear together with large and medium ( meso )
scales. This is an indicator that CSV concept does not have
flexibility to cope with scale changes.

This drawback of CSV gives to the author an idea of
looking for more suitable semivariogram which can be
employed in meteorology. The basic idea is to look for a
method which is expected to model spatial variabilities
around individual stations. Finally, with the modification
of CVS the author suggested herein point cumulative
semivariogram (point CSV) concept.

Hence, it 1s possible to define point CSV as a measure
of variability around any single station by considering
other stations' effects on this station which will be referred
here onward as the reference point.

Also point CSV can be defined as "The summation of
half-square-difference between the reference point and
other stations around it, which are ranked in ascending
order of distance.” it can be defined mathematically as:

Tp

Yo = ;%AZ

(2.5)

Px

where vy, indicates the point CSV value.
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2.3.1 PRACTICAL CONSTRUCTION OF POINT
CSyv

The point CSV can be obtained by the following steps:

a)  Calculate the scalar distance, D, between reference
point ( see Figure 2.2 )with coordinates (x,.y,) and
another surrounding station,s,‘ with coordinates
{x,y.) can be written uas: '

D, =5 -5 =, - y.) (2.6)

where r 1 and

1 =1,2 3,....n
The number of distances  between the reference
station and n observation stations is denoted by m,

which can be obtained as:

- _ Y 7
m, = (1 1) (2.7)
For instance, if the number of stations in study ared 1s

n=30 then m, = 49 it means that for this reference point
49 half-squared difference values must be calculated.

3

Figure 2.2, Reference point and surrounding stations



b)

d)
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Calculate the-half-squared differences, AZ = of

meteorological data between reference point and all
other stations in the study area.

P
N
|
N
N
o
Paan?
(o]
o0
—

where r # 1.

Sort the distance D,
while making the corresponding rearrangement of the

in ascending numerical order

half-squared difference AZ,, where the subscript k
also indicates the degree of sorting.

Find the cumulative summation of AZ_ after sorting

then the point CSV can be written mathematically as
in equation 2.5.

Plot the ordered distance in horizontal axis and point
CSV values in vertical axis and then we get the point
CSV diagram. Which is rather similar to the ordinary
CSV as shown 1in Figure- 2.1. However, the
interpretation for the point CSV will be valid for the
reference point and not for the whole region as it is
in the case of CSV.

2.3.2 POINT CSV MODELLING

The point CSV 1is known only at discrete points

representing distance "D"; in practice, point CSV may be
required for any distance, and therefore, the discrete

experimental point CSV must be modelled by a continuous
function that can be evaluated for any desired distance.

Although there are several models to represent point CSV

by continuous function such as linear, power, exponential,
logarithmic, parabolic, cubic etc. functions, the basic
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modeling form of this research has been adapted as
"power law" throughout for point CSV. The main reason of
finding the function of theoretical point CSV 1s for
determining the radius of influence which plays a major
role in the objective analysis.

In general the power model has the following mathematical
gxpression :

y, = D’ (2.9)

n which v, represents the theoretical point CSV value and

D is the distance, « and § are the model parameters.
These parameters must be estimated from regional
meteorological data by means of point CSV and the least
squares technique so as to find the best power function
fitting to the point CSV scatter diagram.



CHAPTER 3
OBJECTIVE ANALYSIS

3.1 GENERAL

In the analysis of weather data, it is often necessary
to transform the data from nonuniformly distributed
observation sites to a rectangular grid suitable for
numerical calculations. The transformation is accomplished
by some form of interpolation and is referred to as
Objective Analysis.

Subsequently, one can define objective analysis as
"the procedure of transforming data observations at
irregularly spaced points onto points of a regularly spaced
grid". There are a lot of analysis methods that have been
used in meteorology to interpolate data from stations to the
grid points, as Schlatter (1988) classified these methods
into the following types :

a) Surface fitting methods :
i. Polynomial interpolation, (Panofsky,1949)
ii. Orthogonal polynomials, (Dixon, 1969, 1976)
iti. Splines, (Fritsch,1971)
1v. Spectral approaches, (Flattery,1970 )
b) Empirical linear interpolation :
i. [Iterative successive correction,{ Cressman,1959 )
ii. Barnes analysis, (Barnes, 1964)
c¢) Statistical objective analysis :
i. Optimal interpolation, (Gandin,1963)
ii. Covariance models for atmospheric variable,
(Buell, 1958)
ii1. Adaptive filtering, (Kalman,1960)
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d) Variational techniques
1. Incorporation of dynamic constraints, { Sasaki,
1958)
1. Fitting models to data at different times, (Ledimet
and Talagrand,1986)
All of these methods are wse for different purposes by
various researchers in the meteorology domain. It 1s not
within the scope of this thesis to discuss each one of these
methods in detail because for those interested the proper
references are given above. However, the main purpose of
the thesis is to develop a new technique and to compare it
with some of the powerful available methods such as
successive correction method SCM.

3.2 SUCCESSIVE CORRECTION METHOD .

An important class of objective analysis techniques
known as "successive correction method", { SCM ) was
first described by Bergthorsson and Doos (1955). Later, it
was introduced into operational meteorology by Cressman
(1959).Though replaced by multivariate  statistical
techniques as the operational interpolation method in many
numerical forecasting models, the SCM's are still widely
used for gridding meteorological data, because gridded
fields can be produced more economically by the SCM,
(Achtemeier,1989).

The basic concept of SCM is to correct the
background ( guess) field iterativety during several
analysis which are called as scan. In each analysis scan,
the corrections are calculated, the result of SCM may be
expressed simply as an initial background field plus a
weighted sum of observed increments, which are a form
identical to that used in statistical interpolation. Thus by
interpolation of the deviation of the observed values from
the background field one can write the following equation :
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. ] X ' X
Z =7 + —\—IEWJ% - 7)) (3 1)

N k-1 '

where
1=1.....imax ; j=1,...gmax ; k=1,... N

Z} 1is estimated value at grid point,

Z!  1s the background field value,

1s the observed value at observation station.

Z, is the interpolation first guess at observation station,
N  1s the number of stations in the influence region,

W, is weighting factor given as (Thiebaux, and Pedder,

1987),
N is the number of station in the influence area.

2 2 A0
W, = (B:_;BTJ D< R (3.2)
R+ D -

W, =0 D >R

where D is the distance between observation station and
the grid point, and R influence radius, which decreases
with each iteration. However, this weighting factor can be
improved by taking power of n on the right hand side as
mentioned by Thiebaux and Pedder (1987). The
significance of m 1is for smoothing rather highly variable
data at different stations.

3.3 MODIFICATION OF SCM

This study presents a modification of the successive
correction method ( MSCM ) to improve upon the best
analysis obtainable by the technique. Some of the reasons
for using the SCM as a reference 1n this study are:
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a) To combine that the point CSV in order to find
objective influence region around one single point.

b) The SCM is rather straight forward and easy.

¢) It does not account for the distribution of
observations relative to each other.

By using point CSV it is possible to  determine
correlation between any individual point and surrounding
stations, as shown in Figure 3.1. It can be noticed that the
point CSV has curvature portion for small range of
distance. Such a curvature implies the effect of correlation.
It is interesting to notice also in the same figure as it will
be seen in any point CSV graph in Appendix-A that
consistently all of the point CSV's have curvature portion
followed by almost straight line at large distance. The
distance of point at which curvature conversion takes place
to a straight line is the basic definition of the radius of
influence as it is adopted in this research.

o o s e o ot et s —

v

L R —
Figure 3.1. Point CSV Model.
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In fact, such a range corresponds to the influence of
radius in objective analysis. After this range , the point
CSV's converge to straight line at large distance. The initial
curvature implies that observation stations along this
curvature have regional dependence which weakens
towards the end of curvature distance.

In order to define the transition point from curvature to
straight line the assumption made in this work is that half
of the maximum point CSV corresponding on the distance
axis to the radius of influence R as shown in Figure 3.1.

'Ypm

and R into equation (294.) instead

Substitution of

of v, and D, respectively, yields

Z*’;"'; = oR* (3.3)

By taking logarithm of both sides one can obtain

log[Y’;‘J = logax + B logR (3.4)

or arranging this expression one it is possible to

1 Y 1
= lo ”""]—- — logox = logR (3.5)
B g( 2 8 g g

then the result becomes

1 Yoo ;
o= 06
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3.3.1 PRACTICAL CONSTRUCTION OF MSCM

It is worthy to mention at this stage that Cressman
method needs more than two scannings whereas its
extension as Barnes method there are exactly two scannings
( Schlatter, 1988). However, the method proposed here as
the MSCM has only one scanning operation, and therefore,
it provides a great economy in scanning procedure. The
reason of having one scanning is due to the fact that the
point CSV's yield single radius of influence at each station
contrary to SCM which can not define radius of influence
in a unique way but there are subjectivities.

The MSCM needs only one scan and it consists of the
following steps for successful application :

a) Calculation of radius of influence at every station by
point CSV.

b) Interpolation of influence radius at every grid point,
from irregular data points.

c) Interpolation of a background ( first guess only) field
to the location of observation,

d) Evaluation of a correction (observation minus
background ) at the location of each observation.

e) Accumulation at each grid point of a weighted sum of
correction from observation stations.

f)  Evaluation of an estimation value at each grid point,
by adding the weighted sum of correction to the
background field.



CHAPTER 4
RESULT AND DISCUSSIONS

4.1 ANALYSIS OF POINT CSVY

From 47 observation stations , it is possible to
calculate sample point CSV at every single station, and the
result as point CSV graphs are given in Appendix A.
Furthermore, the theoretical point CSV model are found by
fitting power functions which represent the relationship
between the point CSV values and the distance.

The mathematical form of each power law is given in
Table 4.1. as model parameters o and B . The reason of
finding the theoretical point CSV is for determining the
radius of influence. Table 4.1 includes the point CSV
parameters and radius of influence for each station.

In order to give some idea to the reader Figure 4.1.
for station number 15480 is produced, herein. It 1s obvious
that this is one of the best match of theoretical point CSV
with the sample point CSV according to power model.

In this figure like any other one in general, there are
two distinctive portions, one with big curvature and the
other with small curvature. The former means strong
regional correlation whereas decrease in the curvature
implies decrease in the dependence.

Furthermore, for this station since the deviations
from the theoretical point CSV are small one can conclude
that at this station the pressure phenomenon 1is rather
homogeneous. However, as one can see in Figure 4.2, For
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instance, the point CSV at station number 17026 has
heterogeneous structure.

Another case appears in station number 17248 as
shown here in Figure 4.3. It is more or less in the form of
straight line, i.e. the curvature is negligibly small which
implies that the pressure phenomenon effect on this station
from other stations is independent. In other words, in such
a situation one needs larger areas which means more
station number than usual to obtain reliable results.

Finally, Figure 4.4. shows isolines of computed
influence of radius for surface pressure chart in the study
area. From the figure one can notice that in general, the
minimum value of influence of radius 1is located
approximately at center of study area. It increases from
the center until reaches a maximum at the corners of the
chart.

Table 4.1 Power model parameters.

Station no. o B R(km)
12843 4.25%x10°* 1.84 2500
12982 1.74x10°* 2.06 2050
13242 2.04x107 1.65 2123
13353 2.93x10°* 1.99 2043
11968 2.85x10°° 1.37 1509
15004 3.37%10"* 2.29 1841
12882 2.56x107* 1.64 2546
15230 9.38x10"! 3.14 1518
13275 4.49x107" 2.55 1814
15511 4.86x10" 2.32 1493
15614 6.62x107° 1.92 1331
13583 9.27x10°* 1.59 1075
16643 2.52x10° 2.17 1471

16682 1.58x10"* 2.42 1593
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Table 4.1 Power model parameters.(Continue)

16730
16734
33587
15480
17050
17059
17110
17150
17188
17292
17218
33791
33837
33946
17022
17024
17026
17128
17124
17190
17244
17240
17248
17330
34824
37018
17030
17370
17260
17200
34858
37054
17098

2.16x107*
2.29x1077
2.65x10°°
3.16x107"
1.98x10°°
2.27%x107?
1.02x107¢
5.19x10"
1.30x107*
4.86x107*
4.33x10°®
2.16x1077
1.79x10"?
1.67x107®
1.08x10"®
6.86x107?
1.39x10°*
7.12x1077
6.19%10°°
1.98x10°*
4.87x10°*
4.27x107*
4.04x107?
1.00x10?
4.77x1077
1.13x107¢
2.72x107}
3.32x10°°
4.44x10*
1.16x 10”7
1.11x10"°
3.71x10"®
5.64x10°*

2.44
2.72
3.36
3.88
3.54
3.24
2.64
2.39
1.94
1.86
2.08
2.80
3.16
3.24
3.48
2.55
1.98
2.81
2.16
1.90
1.76
1.80
1.11
1.81
2.73
2.70
1.51
2.30
2.52
3.06
3.52
3.83
3.12

1179
1520
1243
991
1023
888
1079
937
845
845
924
1055
1119
906
791
788
768
777
797
817
804
857
825
1077
1154
1171
819
1195
1224
1195
1498
1460
1519
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Figure 4.1 Point CSY for station NO. 15480,
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Figure 4.2 Point CSV for station no. 17026,
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4.2 COMPARISON BETWEEN SCM AND MSCM

The accuracy of two different methods used in
objective analysis in this study, was investigated with the
help of numerical experiments from the surrounding
stations and in comparison of the interpolated values with
the observed ones, (Gandin, 1965). - -

Similarly Cross Validation technique allows us to
compare estimated and true values wusing only the
information available in our observed data, (Isaaks and
Srivastava, 1989).

In a cross validation technique, the interpolation
method is tested at the observation station, the observed
value at particular station is temporarily discarded from the
surrounding stations. The value at the same station is then
estimated using the remaining other stations, once the
estimate is calculated one can compare it with the true
value that was initially removed from the station. This
procedure is repeated for all available stations, with
comparison of observed, interpolated and actual by using
visual and statistical tools. '

The analysis of surface pressure has been carried out
for 1200 GMT on 19 June 1990 by using the two methods
and the results are shown in Figures 4.5 and 4.6 There are
47 observation stations in the study area with average
spacing among stations as 337 km and average surface
pressure 1016.54 mb, The statistical parameters of the
comparison between various method estimates and of the
true values are summarized in Table 4.2.

In general the difference between the average estimate
from the two methods and the true average, reflects a
tendency toward overestimation or underestimation.
However, in this study the two methods have a slight
tendency toward underestimation as seen from the table.
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Table 4.2 comparison of estimates calculated by the SCM
and MSCM with the true values.

Variable True value SCM MSCM
Sample size 47 47 47
Average 1016.54 1016.53 1016.43
Median 1017.10 1017.00 1017.00
Mode 1017.10 1018.00 1018.00
Variance 5.37 4.47 4.38
Standard dev. 2.33 2.11 2.09
Standard error. 0.34 0.31 0.30
Minimum 1010.70 1011.00 1011
Maximum 1019.80 -1019.00 1019.00
Range 9.10 8.00 8.00
Corr.coeff = ccecenn- 0.94 0.95

Comparisons of the true wvalues standard
deviation with the two methods indicate that MSCM has
less variability than the other technique. However, SCM
standard deviation 1s rather closer to the true values
standard deviation .As a result of such a comparison 1t is
obvious that MSCM gives better results, because SCM has
bigger variability.

This  fact is also confirmed by the correlation
coefficient. The SCM estimates have correlation coefficient
which is comparatively slightly less than the MSCM
correlation coefficient.

In order to compare the accuracy of these two
different methods two types of experiments where
performed :

a) the network of stations was taken to be dense.
b) the network of stations was taken to be sparse.
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The results of these experiments are show in Figure 4.7 as
the change of Mean Square Error (MSE) with the number
of station.

28 T

\ - MSCM
\ - am SCM

MSE \
N
"7 N
e N
a8 — -
06 +
0 } t {
6 12 24 47

number of stations

Figure 4.7 MSE variation with station number.

In the first case, network of the two methods gave
very close results. It is obvious from this figure that as the
number of stations increase the MSE of two methods merge
together asymptotically for large station numbers.
However, in the second case MSCM has an overwhelmingly
less MSE than SCM which confirms the validity of MSCM
especially for sparse station densities. Figure 4.7 shows
very clearly that as the number of stations increase then the
two methods approaches each other asymptotically one can
also notice in the same figure that although the difference
between MSE's of the two methods is rather small, but for
station numbers less than almost 20 this difference
becomes exponentially large.
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It is recommended herein that for small number of
stations without any hesitation MSCM is preferable. The
estimates of the accuracy of the different methods used for
the sparse network of stations are given in Tables 4.3.

Table 4.3. Comparaison of two methods by using MSE,

Methods No. of stations Average spacing MSE
between stations

SCM 47 337.06 0.57
MSCM 47 337.06 0.50
SCM 24 471.06 0.82
MSCM 24 471.06 0.61
SCM 12 667.06 1.61
MSCM 12 667.06 0.82
SCM 6 943.37 2.46
MSCM 6 943.37 0.74

All of the calculation needed in this research work are
carried out by computer programs in Quick Basic Version
4.5 by the author and they are provided in the form of
Appendix B at the end of this thesis.
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MAP PROJECTION

DECLARE SUB WRFILE (NWS!, X5!1(), ¥5:!Q), 2!1())}
DECLARE SUB RDFILE1l (N8!, STNO!{(), LAT!(), LONI(}, Z0!())
DECLARE SUB POLARZ (NS!, DS!, IMAX!, JMAX!, LATO!, LONG!, LAT!(}.

T — g - " i o — T - " U S0 o " ot L R S T o o " o o

’ MAP PROJECTION

 J

' PURPOSES :

’ THIS PROGREM CONSTRUCTS MAP PROJECTION BY USING POLAR
' STERECGRAPHIC PROJECTION

’

' INPUT REQUIRED :

’ NS —ommmmmmemee > NUMBER OF CBSERVING STATICNS.

' STND -mmm=—mmmm > LOCATION'S NUMBER CF STATICHS.

' LAT —mommmmmem > LATITUDE CF STATIONS.

. LON —=-mmomemm » LONGITUDE CF STATIONS.

' R — » ANY MET. PARAMETERS.

1

2 OUTBUT :

v D > LOCATION OF STATIONS IN ¥-COORDINATE.
’ Y e > LOCATION OF STATIONS IN Y-CCORDINATE.
' T —m—m—mmmmmmem > ANY MET. PARAMETERS.

4

o - - —— = " = — — " — ——— " o —— o " - — A~ = " " T —— m —— — —

CLS

IMAX = 7: JMAX = 6: NS = 19: LATO = 43: LONO = 30: dlon

A = 6370: pi = 3.14159

DIM STNO(NS): DIM LAT(NS): DIM LON(NS): DIM Z(¥%)

DIM XS (NS): DIM YS (NS}

DS = (2 * pi * A / 360) * dlon

CALL RDFILE(WNS, STNO(}, LAT(), LON(), ZQ}

CALL POLAR2 (NS, DS, IM_X, JMAX, LATO, LONG, LAT(), LON{), XS(),
¥5())

CALL ®WRFILE(NS, XS(), ¥ISQ), 2(})

]
W

- —— " — " = o T T o T o T S T = v S - 1 T o T W T = > o — -~ - o

SUBROUTINE POLARZ2

THIS SUBROUTINE IS CONVERTING A LATITUDE AND LOKGITUDE OF
STATIONS TO THE " X " AND ' Y ' POSITIONS BY USING POLAR
STERECGRAFHIC ,FOR LIMITED AREA AREA ANWALYSIS DEFINE A MAP
ORIGIN AND STANDARD PARALLEL LATITUDE AT LATITUDE LATQ AND
LONGITUDE LONO

- —— i ——— o S 1o Y " " > S " " T o " i v S " S fotn . T o S A S S S "

-« e < 9 . -

SUB POLAR2 (NS, DS, IMAX, JMAX, LATO, LONO, LAT(), LON(), XS(¢), ¥Ys())
A = 6370

G = 57,.29578

FORK = 1 TO NS

M= (1 + SIN(LATO0 / G)) / (1 + SIN(LAT(K) / G))
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XB =2 *M* COS(LAT(K) / G) * SIN((LON(K) - LONO) / G)
¥E = A * ‘COS(LATO / G) - M * COS(LAT(X) / G) * CCS{{LON(X) - LONO) /
G))

XS(K} = ¥B + {(IMAX - 1) *DBs) / 2
TS(K} = YB + ((JMAX - 1) * DS) / 2
NEXT

END SUB

SUBROUTINE RDFILE

THIS SUBROUTINE READ A DATA FOR OBSERVATION STATIONS ,DATA
SEOULD BE ARRANGED IN EXTERNAL FILE ,LIEE S50 :

STHNC(L) LAT (1) LON (1) 0 (L)
STHO(2) LAT(2) LON(2) Z0¢(2)
‘.:;‘%‘;\!O(NS) LAT(¥S) LOW (NS} LOI:I(NS)

. 4 4 4 2 4 e 2 <« + o« |

- - . i " o - o " " 1 T (o - — S " = " s = A o i e o e T o S vy e T -~ = —

SUB RDFILE (NS, S5TNO(), LAT{}, LON{(}, 20(}} STATIC
PRINT "FILE NAME OF STATION DATA TO OPEN "
INBUT WN1$

N2§ = ".DAT"

N§ = N1$ + NZ3

OFEN "I", #1, NS

FCR I = 1 TO NS

IF ECF (1) THEN 10

INPUT #1, STNO(I), LAT(I), LON(I), Z0(I)
MNEXT I

10 CLOSE

END SUB

—— " —— — o T~ " " T e " .  — o —_ o i J— o} o a8 o (e o T o o e o T o o

SUBROUTINE WRFILE

THIS SUBROUTINE WRITE A.DATA FOR STATION ,DATA SHOULD BE
ARRANGED IN EXTERNAL FILE , LIKE SO :

X (1) ¥(1) Z{1)

X(2) 1(2) Z(1)

LN ] =« aq tvuw

X(NS)  I(NS)  Z(WS)

i o S = —— - T T " T S S s T S o T et Y o S S o o k. T s . . S o e b T T A P e P A (T . e S o o T S

“ 4 4 4 & 3 s 9 2 9 s a |

-

SUB WRFILE (NS, XS{), YS(), Z(}) STATIC
PRINT "FILE NAME OF RESULT TO CREAT "
INPUT k1$
k2$ = ".dat"
Ks = k1§ + k2%
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CPEN "Q", #1, KS
FCRI = 1 TO NS
PRINT #1, XS(I), ¥S(I), Z(I)
PRINT XS(I), ¥S(I), Z(I)
NEXT I
CLOSE #1

END SUB
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CsV

DECLARE SUB CUMUL (M!, Z5D! (), CS¥!1(})

DECLARE SUB SEMIVAR (M!, k!, RI{), ZSDIi(}, SVI(}, DI ()}
DECLARE 3UB WRFILE (NO!, VAR1! ()}, VARZ2!(}, NAMES)
DECLARE SUB SORT (M!, RI(}, ZSD!{())

DECLARE SUB DISTANCE (NS!, X!(), Yi(}, RI())

DECLARE SUB ZSQD (NWSi, Z!{(), 2Z5D!{(}}

DECLARE SUE RDFILE1l (WS!, X!(}, ¥i{), Z1())

L4
’
* THIS PROGREM TO CALCULATE THE CUMULATIVE SEMIVARIOGRAM FOR
' REPRESENTING REGICNAL VARIABILITY

*

¥s = 47

M=2Hs * (NS - 1) / 2

DIM X (HS): DIM Y(WS): DIM Z(NS): DIM R(N5 * NS): DIM Z3D(Ns5 * NS)
DIM C5V (M)

CALL RDFILEL(NS, X0, YO, Z())

CALL DISTARCE (WS, X(), Y., R())

CALL ZSQD(NS, Z{(), Z3D{))

CALL SORT(M, R{), Z3D(})

CALL CUMUL(M, ZSD(), C3SV())}

CALL WRFILE(M, R(), CSV(), "CSV.DAT")

i tn o = . > P T s S ol T (o it o ol b 1kt o e i b e e A Y o S S

SUB CUMUL (M, 2SD(), CSV())
=0

SUM

FOR i = 1 TOM

CSV(i) = 2SD(i) + SUM
SUM = CSV (i)

KEXT i

END SUB

—————— T T T Y oy S _ T — S = T — —— A - = — =

SUB DIS (WS, X{}, Y(i, R())

k=0

FOR i = 1 TO NS

FOR j = 1 TO WS

IF i = j THEN EXIT FCR

k=k+1

R(k) = INT(SQR((X(i) - X(j)) ~ 2 + (Y(1) - Y(3)) ~ 2))
NEXT j

—— e s e e s B ot e e e e e e e B . o e . ey (e o S T T —— T o k. Y g o St

SUB RDFILEl (NS, X(), Y(), 2()) STATIC
OPEN "I", #1, "px.DAT"

FOR i = 1 TO NS

IF ECF (1) THEN 10

INPUT #1, X(i), ¥(i), 2(i)

PRINT i

HEXT i
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10 CLOSE

e i et il > o B . Y o > o ht o o " T — " T —— - T = = oy o T o S oo o

SUB SORT (M, R{}, ZSD(})
FOR j =1 TOM- 1

FOR i=3j+1TOM

IF R(j) <= R(i) THEN GOTO 20

k = R(§): R(3) = R(i): R(i) = k

1 = 2SD(j): Z5B{j) = 25D(i): ZSD(i) = 1
20 HEXT i

PRINT j

NEXT 3

e s . - — S " T — — — — - T — " " - — o S~ ] A 3 T S A T T Y ——

SUR WRFILE (NO, VAR1(), VAR2 (), NAMES) STATIC
OPEN "0", #1, WAMES

FOR i = 1 TO ¥O

PRINT #1, VARL{i), VAR2(i)

NEXT i

CLOSE #1

- - ot o i e e T e i ke Wb s T o Y P S P e i e o = Gt ey o e o e = o B o o o o — —— o — - ———

SUB Z5QD (NS, Z(
SUM = 0

FOR i = 1 TO ®S
FOR § = 1 TO NS
IF i = j THEN EXIT FOR

SUM = SUM + 1

Z5D(5UM) = INT((Z(i) - 2(3)) ~ 2) / 2
NEXT j

NEXT i

END SUB

W?

s Z5D())
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POINT CSV MODEL

DECLARE SUB WRFILE (N!, X!(), Y!(), K$)
DECLARE SUB WRFILEL (N!, X!(), Y!(), ZZ!{(), K$)
DECLARE SUB ROFILEL (ns! s'(), YSiQ), z2!())
DECLARE SUB DIS (I!, ne!l, X1(), TL(), DL()

DECLARE SUB ZSQD (I!, ns',
DECLARE SUB SORT (M!, R!(),

DECLARE SUEB CUMUL

DECLARE SUB LSQM (N!, M!, X

DECLARE SUB GAUS1

——— o ——

THEIS PROGRAM-
FOR CALCULATE

INPUT :

ns = 47

DIM STHO(nsj :
DIM XG(IMAX,

YS (ns)

21(), zad!l(})
zsd! ()}
(M', zsdli(), CSVI(})
Q. FLQ, CLOD
{(N!, M!, ND!, A!{), DELT!)

. ——— ———— o T o = o b oy o o i o At (e o o e e Y s e Y b ey o

BPOINT CSV MCODEL
¥ POWER MCDEL "

TO MODELLING A DATA BY USING POWER MCDEL
THE INFLUENCING RADIUS AT STATIONS.

---> THE ARRAY OF ANY METECROLOGICAL QUANTITY
---> ARRAY OF LOCATION COORDINATE IN X-AXIS
--=~> ARRAY OF LOCATICN CCORDINATE IN Y-AXIS

---> ARRAY OF INFLUEKCING RADIUS AT EVERY STATIOR

—— e s —— i ——— ———— " — - — o - —— —

DIM LAT(ns): DIM LON(ns): DIM Z(ns}: DIM C(2)
JMAX) : DIM YG(IMAX, JMAX): DIM XS(ns): DIM

DIM E(ns): DIM D{(ns): DIM zsd(ns): DIM CSV(ns}: DIM Dl(ns):

DIM CsV1{ns}
DIM RS (ns):

DIM RG(IMAX, JMAX)

DS = (2 * pi * A / 360) * dlon

S22

CALL RDFILEl(ns, XS(), ¥Y5(), Z{))

FOR ST =1 TO ns

CALL DIS{ST, n=, XS(), Y50, D)

CALL ZSQD(ST, ns, Z{), zsd(})

CALL SORT(ns - 1, D{(}, z2d())

CALL CUMUL(ng ~ 1, zsd(}, CSV())

STAS = STRS (ST)

NAME$ = "CS" + STAS + ".DAT"

CALL WRFILE(ns - 1, D{), CSV(), NAMES)
L=20

FOR I =1TOns - 1

IF CSV(I) = 0 THEN 22

L=L+1

D1(L) = LOG(D(I)): CSV1(L) = LOG{CSV(I))
NEXT I

CALL LSQM(L, DEGREE, D1(), CSV1{), C(})
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ALFA = EXP(C(1))

BETA = C(2)

GAMMAX = EXP(CS5V1 (L))

RS(ST) = (GAMMAX / (2 * ALFA)) ~ (1 / BETA)
PRINT ST, RS(ST)

NEXT ST )
CALL WRFILEl(nz, X5(), ¥5{), RS{), "RST.DAT")
EXD
e e - = i o 2 e e o e e e o S o i o e o PE s R . R v S e S A . o S St . S o A e A+ o e
' SUBROUTINR CUMUL
k4
' CALCULATE THE CUMULATIVE SUMS OF " HZISD “

- - —— o — = " - — A " - = " o T o Y Y i " S . e e " T - > — " — = ———

SUB CUMUL (M, zsd(), Csv{()}
SUM = 0

FCR I =1T0OM

CSV{I) = zad(I) + SUM

SWM = CSV(I)

NEXT I

END SUB

SUBROUTINE DIS

CALCULATE THE DISTANCE RBRETWEEN ONE STATION AND ALL OTHEER
STATIONS.

SUB DIS (I, ns, X(), T, D(})

¥ =20

FOR J = 1 TO ns

IF I = J TEHEN 1000

- @« 2 -

AL, NHT), e vneee A(NJNHD)
= SOLUTION OF THE J-TH SYSTEM (J=1,ceveeccocsa,M)
REFERENCES :
SIDNEY YAKOWITZ, FERENC 5ZIDAROVSZKY,"AN INTRODUCTION
TO NUMERICAL COMPUTATIONS ",SECOND EDITION, 1990,

X=X+ 1

DK} = S5QR((X(I) - X(J)) ~ 2 + (Y(I) - Y(I)) ~ 2)

1000 NEXT J

END SUB

B e e o e e v 1 1 T ot . e o e 4 o A S o e e S e B i Y S S L Y e A i At . e T e it e ot P A e S o ot o o s e
14

' SUBROUTINE GAUS1

T

'  FUNCTION :

' THIS SUBROUTINE COMPUTE THE SOLUTION FOR M SYSTEM
' WITH N EQUATION AND N UNKNOWNS USING GAUSSIAN
' ELIMINATION.

L

' INPUT :

* N ---> WUMBER OF EQUATICN AND UNKNOWNS

! M ---> NUMBER OF SYSTEM {( RIGHT HAND SIDE VECTCRS )
' A ---> N BY M+N (USUALLY,M=1) ARRAY OF COEFFICIENTS
* AUGMENTED WITH EACH RIGHT SIDE VECTOR

* DELT ---> ESTIMATE OF ERRCR BOUND ( MACHINE EPSILCHN )
* QUTEUT :

1 4

L 4

k 4

]

?

¥

SUB GAUS1 (N, M, ND, A(), DELT)
"DIM A(ND, ND + M)
IF N > 1 THEN
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FORK=1T0 (N - 1)

PIV = ABS{A(K, X))

KK =X +1

IN =X

FORI = KK TO N

IF ABRS(A(I, K)} > PIV THEEN

PIV = ABS(A({I, K))

IN=1I

END IF

NEXT I

IF X <> IN THEN

FORJIJ =K TO0C (M + N)

X =4, I)

A(K, J) = A(IN, J)

A{IN, J) = X

NEXT J

ERD IF

IF PIV < DELT THEN

PRINT "THE MATRIX IS SINGULAR"
EXIT SUB

END IF

FORI = XK TO ¥

FORJI =KK TOM+ N

A(I, J) = A(I, 0O) - A(I, K) * A(K, J) / Ak, X)
NEXT J .
NEXT I

NEXT K

IF ABS(A{N, N)) < DELT THEN

PRINT "TEE MATRIX IS SINGULAR"
EXIT SUB

END IF

FORK=1TOM

AN, X+ N) = A(N, K+ N} / A(N, N)
FORIE=1TON -1

I=0N--1E

IX=1I+1

FOR J = IX TO N

A(I, E+ ) = &R(T, K+ N) - A(J, K + N) * A(I, dJ)
NEXT J

A(I, X+ N) = A(I, X + N) / A(I, I)
NEXT IE

HEXT X

EXIT SUB

ELSEIF ABS{A(l, 1)) < DELT THEN
PRINT "THE MATRIX IS SINGULAR"™
EXIT SUB

END IF

FOR J =1 TOM

A(l, N+ J) =A(l, R4+ J) /AL, 1)
NEXT J

END SUB

- e W e o Bt S . P P > i S A . " T s S S e SR W S S . . T A o o S it i Pt S S S D Y S . G o s Bt St e S e d Bt e

SUBROUTIRE L5OM

FUNCTION :
THIS SUBROUTINE COMPUTES THE COEFFICIENTS OF THE LEAST
SQUARES POLYNOMIAL P((X)=C(1l)4C(2)*X+....4+C (M+1) *X**M
FOR ASET OF FUNCTIONAL VALUES F AND DOMAIA POINTS X

PARAMETERS : .

INPUT :

- 4 @« 6 @ ° & 9 4 -

N ---> NUMBER OF POINTS (NOT GREATER THAN 1000 )
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-~--> PCLYNOMIAL DEGFEE ( LESS THAWN 30 )
---> ¥ BY 1 ARRAY OF DOMAIN POINTS
--~-> N BY 1 ARRAY OF FUKNCTION VALUES

5 I i S

CUTPUT :
C ---> M+l BY 1 ARRAY OF COEFFICIENTS FCR THE LEAST-
SQUARES POLYNOMIAL
REFERENCES :
SIDNEY YAKOWITZ, FERENC SZIDAROVSZKY, "AN INTRODUCTION
TO NUMERICAL COMPUTATIONS ",SECOND EDITION, 1990,

-« @ « =« 4 ° @ ° .« =

SUB L5QM (N, M, X(), F()}, C())

DIM POWX (1000} : DIM FX (1000} : DIM X¥ (30, 31): DIM SUMPOW (100)
'FORI =1TO N

POWK(I) = 1 -
FX(I) = F(I}
NEXT I

(L, M+ 2)
FORI =1 TO
XX(1, M+ 2)
NEXT I
SUMPOW (1) = N
FORTI =2 TOM + 1

SUMPOW(I) = 0

KX(I, M+ 2) =0

FORJ =1 TO N

POWX (J} = POHWX(J) * X(J)

FX(J) = FX(J) * X(J)

SUMPCW(I) = SUMPOW(I) + POWX (J)
KX(I, M + 2) = XX(I, M + 2) + FX(J)
NEXT J

MEXT I

FORI =M+ 2 TO (2 * (M + 1))
SUMPOW(I) = 0

FORJ = 1 TO N

POWX (J) = POWX(J) * X(J)

SUMPCH (I) = SUMPOW(I) + POWX (J)
NEXT J

NEXT I

FORI =1TOM+ 1

FORJT =1TOM+ 1

XX(I, J) = SUMPOW(T + J - 1)

NEXT J

NEXT I

Nl =M+ 1

ML =1

ND = 30

EPS = .000001#

CALL GAUS1(N1, M1, ND, XX(), EPS)
FORI=1ToM+ 1

C(I} = XX(I, M + 2)

NEXT I

END SUB

]

=i

XKX{1, M + 2} + F(I)

SUBROUTINE RDFILEL

THIS SUBROUTINE READ A DATA FOR OBSERVATION STATIONS ,DATA
SHOULD BE ARRANGED IN EXTERNAL FILE ,LIKE SO :

X(1) Y(1) z(1)

X(2) Y(2) z{2) -

-wea - aa. “-ew

- @ @ - - @ - e
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SUB RDFILEl (ns, XS5(), ¥S{), Z()) STATIC
PRINT "FILE WAME OF STATION DATA TO OFEN ”
INPUT W13

N25 = ".DAT"

NS = N1s + N2s

OPEN "I", #1, NS

FOR I =1 TO ns

IF EOF (1) THEW 10

INPUT #1, XS(I), ¥YS(I), 2{I)

HEXT I

10 CLOSE

END SUB

SUEROUTINE SCRT
SCRT AXN ARRAY " D " OF LENGTH (NS-1) INTO ASCENDING

NUMERICAL ORDER , WHILE MAKING THE CORRESPONDING
* REARRANGEMENT OF THE ARRAY HZSD. '

. @« a -

SUB SORT (M, R(), zsd())

FORJ =1TOM- 1

FCRI=J+1TOM

IF R(J) <= R(I) THEN GOTO 20

K = R(J): R{(J) = R{I): R(I) = K )
L = 2zsd(J): 2z3d(J) = zsd(I): zsd(I) = L
20 NEXT I

NEXT J

END SUB

SUB WRFILE (N, D(), C5V{(), X3) STATIC

. o i o s o S g T (. o A T S o ik P . o e . s oy o e S AL P o ok e e D o o S e o o o 40 o o T o e b S o

SUBROUTIRE WRFILE

THIS SUBROUTINE WRITE A DATA , DATA SEOULD BE
ARRANGED IW EXTERNAL FILE , LIXE SO :

D({1) Csv (1)
D(2) Csv(2)
DM CSV (M)

- @ @ @ @ 4 @ @ @ 4 4 + e 5

OPEN "O", #1, K$
FORI =1 TOW
IF CSV(I) = 0 THEN 88
PRINT #1, D(I), CSV{(I)
g8 NEXT I
CLOSE #1
END SUB

T e et T Y . A0 o, e S o W . S D v e e S . S G Pt S A T S S s Vo P T D e L ) e ok e i S Pt e D YouP L P e e S
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SUERCUTINE WRFILEL

THIS SUBROUTINE WRITE A DATA , DATA SEHOULD EE
ARRANGED IN EXTERNAL FILE , LIKE S50 :

¥

voX(1) Y(1) RS (1)
TOX(2) 7(2) RS(2)
©oZ(Ns)  X(¥S)  RS(3S)

SUB ®WRFILE1l (ns, XS(), ¥5{}, RS{J, K3)
OPEN “O", #1, K3
FOR I = 1 TO ns
PRINT #1, XS(I), ¥S{I), INT(RS{I))

NEXT I

CLOSE #1
END SUB
B e e e o m - o v = o A S o S o T P T = o A o T = P e g U e S B e S o a6 o o o e o S -t o o A o
' SUBROUTINE 2SQD

*

' CCMPUTE THE HALF-SQUAFRD DIFFRENCES EETHEEN THE DATA VALUE
' AT THE ONE STATICHN AND ALL OTHER STATICHS.

SUB Z5QD (I, n=z, Z()}, z=d(})

SUM = 0

FCR J = 1 TO n=

IF I = J THEN 1001

SUM = SUM + 1

zsd (SUM) = ((Z(I) - Z(I)) ~2) / 2
1001 NEXT J

END SUB
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sCM

DECLARE 5UB RDFILEZ (IMAX!, jMAX!, 2!{})

DECLARE SUB ERRCRF (NS5!, DS!, IMAX!, jMaX!, Xs!(Q, ¥S!(), 210,
Z0L(), EL())

DECLARE SUB CORREC (¥s!, D!, Ds!, I!, I, ¥si(), ¥si(), ALFA!,
EL(), @C!l)

DECLARE SUB RDFILELl (NS!, XS!(}, ¥S!(}, 20i(})}

DECLARE SUB WRFILE (IMAX!, jMAX!, Ds!, Z!())

et s S . e o T o T " T i, o o o W o i S i e T A ot e . W D e o M T e o o S o e o

-

5CM

THIS PROGRAM CONWSTRUCT THE FIELDS " GRID POINTS "COF
METEOROLOGICAL QUANTITIES ON BASIS OF COBSERVATIOMAL
DATA.

THE TECHNIQUES OF CBJECTIVE USED IN THIS PRCGRAM IS
SUCCESSIVE CORRECTION METHOD.

INPUTS REQUIRED :

NS———-——— > NUMBER OF OBSERVING STATIONS.

————————— > ARRRAY OF MET. PARAMETERS AT
STATICNC
Zmmmmm e > ARRAY CF MET. PARAMETERS AT

GRID POINTS (FIRST GUESS)

OUTPUTS =
e — — e > ARRAY OF MET. PARAMETERS AT TIME
ANALYSIS.
Hommmmmm e > LOCATION CF GRID IN X-COORDINATE
Y- > LOCATION OF GRID IN Y-COORDINATE

B . T T T
o3
o

- i o o T A ot o Y i S S S e o o o Y A it e o S S S i o o ke >

CLS
NS = 47: IMAX = 8: jMAX = 7: dl = 3
DMAX = 1400: SCAN = 4: ALFA = 2: A = 6370: pi = 3.14159
DIM STNO(NS): DIM LAT(NS): DIM LON(NS): DIM 20 (NS): DIM
2 (IMAX, jMAX)
DIM XS(NS): DIM YS(NS): DIM E(NS)
DS = (2 * pi * A/ 360) * dl
AREA = ((IMAX - 1) * DS) * ((jMAX - 1) * DS)
DMIN = SQR(AREA / NS)
DD = (DMAX - DMIN) / SCAN
CALL RDFILE1(NS, XS5(), ¥S{), Z0())
CALL RDFILE2 (IMAX, jMAX, Z())
FOR L = 0 TO SCAN - 1
D=DMAX - DD * L
CALL ERRORF (NS, DS, IMAX, jMAX, XSO, YSQ, Z(), 20(), EQ)
FOR I = 1 TO IMAX
FOR J = 1 TO jMAX
CALL CORREC(NS, D, DS, I, J, XS(), ¥YS(), ALFA, E(), WC)
2(I, J) = 2(I, J) + WC
25 NEXT J
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NEXT I
HEXT L
CALL WRFILE (IMAX, JMAX, DS, Z())

i e e o 2 o St Y T T " A . e S e Y S T o S — —— T G T — T Y " S va o

SUB CORREC (NS, D, DS, I, J, XS(), ¥Y5(), ALFA, E{), ®C)
IN = 0
WC = 0
FOR k = 1 TO WS
X =X5(k) - (I - 1) * DS
Y= ¥5(k) - (J - 1) * DS
R=S5QRIX *X +Y*T)
IF R <= D THEN
IN = IN + 1
W= (ABS((R*R-D*D)/ (R*R+D *D))) ~ALFA
WC = BC + W * E(k)
END IF
MEXT k
IF IN > 0 THEN WC = WC / IN

—— . > " i A e i T St o o D e o S o e S T S Al e W T oy A T Mt S T ot T o A k. S (i i - A

SUB ERRCRF (NS, DS, IMAX, iMAX, XSO, ¥S¢, Z(), 200, E())
FOR k = 1 TO NS

INT(YS(k) / DS + 1)

INT(XS (k) / DS + 1)

®stk) - ((I - 1) * DS)

¥s(k) - ((J - 1) * DS)

(Z(IT + 1, J +1) - 2(I, T +1)) *#X /DS + 2(I, T + 1)

(Z(I + 1, J) - 2(I, J)) * X / DS + 2(I, J)

ZBQR = (V - B) * ¥/ DS + B

E(k) = Z0(k} - ZPQR

HEXT k

o< 2 H
g0 n 0

SUR RDFILE1l (WS, XS5¢), ¥S{), Z0()) STATIC
PRINT "FILE NAME OF STATION DATA TO OPEN "
INPUT W15

N2§ = ".DAT"

NS = W15 + N23%

OPEN "1, #1, NS

FOR I = 1 TO WS

IF ECF (1} THEN 10

INBPUT #1, XS(I), YS(I), Z0(I)

NEXT I

10 CLOSE

- ——— o 1 T T ot S i o S T e S S i S S o S - T — " A T — ] — " T o " Y —— "t " ot o

SUB RDFILE2 (IMAX, jMAX, 2Z()) STATIC
PRINT "FILE NAME OF GRID DATA TO CPEN "
INPUT M1$
PRINT " ( PLESE WAIT )"
M2§ = ".DAT" ’
M$ = M1§ + M2$
CPEN "I", #1, M$
FOR J = 1 TO jMAX
FOR I = 1 TO IMAX
IF EOF (1) THENW 11
INPUT #1, W&, W&, Z(I, J)
NEXT I
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MEXT J
11 CLOSE #1
END SUB
B e e e o b e o o A S s A ot o . o A o o o S o, W T S S R S et o o s St W St S A T e T e - —

SUB WRFILE (IMAX, JMAX, D5, Z()) STATIC
PRINT "FILE NAME OF RESULT TO CREAT
INRUT k1§
k2% = ".dat"
ks = k15 + k28
OPEN "O”, #1, kS
FOR T = 1 TO jMaX
FOR I = 1 TO IMAX
Z(I, J) = INT(Z2(I, I} + .5)
X6 = INT((I - 1) * D5 + .5)
Y6 = INT({(J - 1) * DS + .5)
PRINT #1, XG, Y&, Z{I, J)
PRINT XG, ¥&, Z(I, J)
NEXT I
NEXT J
CLOSE #1
END SUB
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MSCM

DECLARE SUB RDFILE3 (IMAX!, JMAX!, RG!{))}

DECLARE SUB RDFILE2 (IMAX‘ JMAX' ”'())

DECLARE SUB ERRORF (NS!, DS!, IMAX!, JMAX!, XS!(}, YS!, Z!(),
2010, EX ()N

DECLARE SUB CORREC (NS!, D!, Ds!, I!, J!, XS!{), ¥S!{), ALFA{,
E!L(), ®C!)

DECLARE SUB RDFILE1 (NS!, XS!(), ¥S!(), 201 ())

DECLARE SUB WRFILE (IMAX!, JMAX!, DS!, Z!())

—— - —— A T " = ——— . s T T S T = . T — " o V" T " S

THIS FROGRAM CONSTRUCT THE FIELDS " GRID POINTS "OF
METECROLCGICAL QUANTITIES ON BASIS OF OBSERVATICNAL
DATA.

THE TECHHNIQUES CF OBJECTI\"E USED IN THIS PROGRAM IS
MCDIFICATION OF SUCCESSIVE CORRECTION METHOD.

INPUTS REQUIRED :

NE-—mmoo - > NUMBER OF CBSERVING STATIONS.

A et > ARRAY OF MET. PARAMETERS AT
STSTATLIONS

e S — =5 > APRAY OF MET. PARAMETERS AT
GRID POINTS (FIRST GUESS)

RG—~-—-———- > RADIUS CF INFLUENCE AT GRID POINTS

OUTEPUTS @
e > ARRAY OF MET. PARAMETERS AT TIME
ANALYSIS.
X > LOCATION OF GRID IXN X-COCRDIMATE

Y > LOCATICN OF GRID IN Y-CCCRDINATE

- W 4 4 @ @ @ B E B A A E @ A B A A w A e R M s & -

——— o S Y — o - o T P S 4 T AV ot o o o e = L S ok S 4k TP i i i S R i A T S . —

CLS
NS = 47: IMAX = 9: JMAX = 7: dl = 3
ALFA = 2: A = 6370: pi = 3.14159
DIM STNC(NS): DIM LAT(NS): DIM LON(NS): DIM ZO(NS): DIM
Z (IMAX, JMAX)
DIM XS(NS): DIM YS(NS): DIM E(NS): DIM RG(IMAX, JMAX)
DS = {2 * pi * A / 360) * dl
CALL RDFILEL(NS, XS(), Y5(), 20())
CALL RDFILE2 {IMARYX, JMRX, Z{))
CALL RDFILE3 (IMAX, JMAX, RG()}
CALL ERRORF (NS, DS, IMAX, JMAX, X5(), ¥Ys{), 2(, 20(), E{))
FOR I = 1 TO IMAX
FOR J = 1 TO IMAX
D = RG(I, J)
CALL CCRREC(NS, D, DS, I, J, XS(), ¥S(), ALFA, E{(), WC)
Z(I, J) = Z(I, J) + WC
25 NEXT J
NEXT I
CALL WRFILE (IMAX, JMAX, DS, Z())
END
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SUB CORREC (NS, D, DS, I, J, XS{)}, ¥S(), AL¥FA, E{), ®C)
IN=0
WC = @
FOR k = 1 TO KS
X = XS(k) - (I - 1) * DS
Y= vs¢k) - (J - 1) * DS
R=SQRIX *X +T*TY
IF R <= D THEN
IN = IN + 1
W= (ABS((R*R-D+*D) / (R*R+D*D)}) ~ALFA
WC = WC + W * E(k)
END IF
NEXT k
IF IN > 0 THEN WC = ®C / IN
END SUB

SUB ERRORF (NS, D5, IMAY, JMAX, XS(), YS()., Z(}), 200}, E{)}
FOR k = 1 TO WS
J = INT(YS(k) / DS + 1)
INT(XS(k) 7 DS + 1)
XS(k) - ((I - 1) * DS)
75k} - ((J - 1) * DS)
(Z(T +1, T+1) - Z(I, I +1)) *X /DS + 2(I, I + 1)
(2(X + 1, J) - 2(I, I)) *X / DS + Z(I, O
ZPOR = {(V - B) * Y/ D5 + B
E(k) = 20(k) -~ ZEQR
HEXT k
END SUB

]
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SUB RDFILEL (NS, XS(}, ¥S{), Z0()) STATIC
PRINT "FILE NAME OF STATION DATA TO CPEN "
INPUT N1$

Nz$ = ".DAT"

NS = N1$ + M25%

OPEN "I", #1, N$

FCR I = 1 TO NS

IF ECF (1) THEW 10

INPUT #1, XS(I}, ¥S(I), Z0(I)

NEXT I

10 CLOSE

END SUB

- ————  ——— o S " S o — - " T ] i S " > T e o o (" S T T

SUB RDFILEZ (IMA¥, JMAX, Z()) STATIC
PRINT "FILE NAME CF GRID DATA TO OPEN "

INEUT M1$
PRINT " { PLESE WAIT )"
M2§ = ".DAT"

M$ = M1§ + M25
OPEN "I", #1, M$
FOR J = 1 TO JMAX
FOR I = 1 TO IMAX
IF EOF (1} THEW 11
INPUT #1, WW, W&, Z(I, J)
NEXT I
NEXT J
11 CLOSE #1
END SUB
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SUB RDFILEZ (IMAX, JMAX, RG{))
OPEN "I", #1, "RG.DAT"
FOR J = 1 TO JMAX
FORI = 1 TO IMAX
IF EOF (1) THEN 111
INPUT #1, BB, PP, RG(I, J)

NEXT I

NEXT J
111 CLOSE #1
END SUB

SURB WRFILE (IMAX, JMAX, DS, Z()) STATIC
PRINT "FILE NAME OF RESULT TO CREAT "
INEUT k1S
k28 = ".dat"
kS = k15 + k2§
OPEN "O", #1, k§
FCR J = 1 TO JMAX
FOR I = 1 TO IMAX
2(I, J) = INT(2(I, J) + .5)
XG = INT((I - 1) * DS + .5)
Y6 = INT((J - 1) * DS + .5)
PRINT #1, XG, Y&, Z(I, J)
PRINT XG, ¥G, Z{I, I}
NEXT I
NEXT J
CLOSE #1

END SUB
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CROSS VALIDATION FOR SCM

DECLARE SUB RDFILE2 (IMAX!, jMAX!, Z!())

DECLARE SUB CORREC (NS!, D!, I!, ¥XS!(), ¥YS.(}, ALFA!, Ei (), ®C!)
DECLARE SUB RDFILE1 (NS!, X5!(), ¥SL!(), 20! (}}

DECLARE SUB ERROR2 (NS!, 20!(), 21!{), E!())

DECLARE SUB ERRCR1 (NS!, DS!, IMAX!, jMAX!, XS!(), ¥s!(), 2!Q),
200(), Z11(), EL())

- —— ] = " A1 T — . 2T o ot . A W e B . e o (o e S A S S P Tl M ke e S S S o Sk o T (ot . (. s . o Tt S o o o ot

CROSS VALIDATION FOR SCHM

INPUTS REQUIRED :

————————— > NUMBER OF OBSERVING STATIONS.

20— > ARRAY OF MET. PARAMETERS AT
STATIONO
B — > ARRAY OF MET. PARAMETERS AT

GRID POINTS (FIRST GUESS)

B T T T T e
w

CLS
NS = 47: IMAX = 9: jMAX = 7: d1 = 3
DMAX = 1400: SCAN = 4: ALFA = 2: A = 6370: pi = 3.14159%
DIM STNC(NS): DIM LAT(NS): DIM LON(NS): DIM ZO(NS)}: DIM
Z (IMAX, JMAX)
DIM XS(NS): DIM YS(NS): DIM E(N5): DIM Z1(NS)
DS = (2 * pi * A / 360) * dl
AREA = ((IMAX - 1) * DS) * ({(jMAX - 1) * D§)
DMIN = SQR(AREA / XNS)
DD = (DMAX - DMIN) / SCAW
CALL RDFILE1{NS, XS(), YS(Q)., Z0())
CALL RDFILE2 (IMAX, jMAX, Z())
FOR L = 0 TO SCAN -~ 1
D=DMAX - DD * L
IF L = 0 THEN . ‘
CALL ERRORI (NS, DS, IMAX, iMAX, XS{}, ¥S(), Z(), 20(), Z1(),
EQ))
ELSE
CALL ERROR2 (NS, 2Z0(), 21(), E())
END IF
FOR I =1 TO NS .
CALL CORREC(NS, D, I, X5(), ¥Y5(), ALFA, E{), WC)
Z1(I)} = Z1(I) + WC

25 NEXT 1
NEXT L
CALL STATISTIC(NS, Z0(), 21(), E{))
END
v SUB CORREC (NS, D, I, XS(), YS(), ALFA, E(), WC)
IN=20

WC =20
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FCR K =1 TC WS
IF ¥ = I THEN 100
X = X5(K) - X5(I)
Y = ¥TS5(X) - ¥5(I)
R=SQRX *X +Y* 7
I¥ R <= D THEN
IN=IN+ 1
H= (ABS{((R*R-D*D) / (R*R+D *D))) ~ALFA
BWC = WC + W * E(K)
END IF
100 NEXT K
IF IN > 0 THEN ®C = BC / IN

e~ ——— 1 ———— 1 T 2 S ot e e 7+ T o S S " o " Y o o o o o T 4 T "

SUB ERRORL (NS, DS, IMAX, iMAX, XS5(), ¥S(Q, Z(), 20(), Z1(), E{))
FOR K = 1 TO WS
J = INT(YS(K) / DS + 1)

I = INT(XS(K) / DS + 1)
X = XS(K) - ((I - 1) * DS)
Y = YS(K) - ({(J - 1) * DS)
V= (Z(I+1, J+1) -2{I, T+1)) *X/DS+72(, J+1)
B=(Z(I+1, d) - 2(I, J)) *X /DS + 2(I, O
ZEQR = (V- B) * Y / D5 + B
z1(K) = ZPQR
E(K) = Z0(K) - ZPQR
MEXT K
END SUB

SUB ERRORZ (WS, 20(¢)}, Z1(), EQ))
FCR X = 1 TO NS

E(RK) = ZO(K) - Z1(K)

NEXT X

END SUB

SUB RDFILEL (NS, XS(), ¥S(), 20()) STATIC
PRINT "FILE NAME OF STATION DATA TO OPEN "
INPUT W15

N2$ = ".DAT"

N$ = N1$ + N2§

OFEN "I", #1, NS

FORI = 1 TO NS

IF ECF (1) THEN 10

INPUT #1, XS(I), ¥5(I), Z0(I)

NEXT I

10 CLOSE

END SUB

——— ——— 2 ———— T T T 1o {— " o o S ot O W e b o o e S Y o " 7=t S o

SUB RDFILE2 (IMAX, jMAX, Z()) STATIC
PRINT "FILE NAME OF GRID DATA TO OPEN "
INPUT M1$
PRINT " { PLESE HWAIT )"
M2$ " DAT"
MS = M1§ + M2$
OPEN "I", #1, M3
FOR J = 1 TO jMAX
FOR I = 1 TO IMAX
IF EOF (1) THEN 11
INPUT #1, Ww, WH, 2(I, J)
NEXT T
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NEXT J
11 CLOSE #1
EWD SUB
¥ e o e e o s ot S i e e A o ot . e . A o S 8 A o et ek S P AP - it S o o o Y e o o e A n o . o e e o e

SUB STATISTIC (N5, 20(), Z1(), EQ))
CLS
SUM

1
E(I) = 21(I
SUM = E(I)

NEXT I

MSE = SUM / WS

PRINT "MSE = ", MSE
END SUB
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CROSS VALIDATION FOR MSCM

DECLARE SUB STATISTIC (¥S!, 20!(), 21!(), El! ()}

DECLARE SUB CORREC (Ws!, D!, i!, XSi{{), ¥5!{), ALFA!, El(}, WC!l)
DECLARE SUB RDFILE3 (NS!, RG!(}))

DECLARE SUB RDFILEZ (IMAX!, JMAX!, Z!())

DECLARE SUB RDFILEL (NS!, XSi{), ¥5!(), 20!())

DECLARE SUB ERRCR1 (WNSs!, D5!, IMAX!, JMAX!, X5!(), ¥Y5!(}, Z!(),
200Q), 21100, ELQ))

i —— " ——— — T " i o T i . o - o 0 s s " —

CROSS VALIDATION FOR MSCHM

INPUTS REQUIRED :

————————— > NUMBER CF COBSERVING STATIONS.

Z0-—-——--~- > ARRAY OF MET. PARAMETERS AT
STSTATIONS

Bmmmmm > ARRAY CF MET. PARAMETERS AT
GRID FOINTS (FIRST GUESS)

RS s — ey > RADIUS OF INFLUENCE AT STATION

4 @ e @ @ @ 4 4 8 a4 &« 4 4 9=
—
b

cLS
NS = 47: IMAY = 9: JMAY = 7: d1 = 3
ALFA = 2: A = 6370: pi = 3.14159
DIM STNO{(NS): DIM LAT(NS): DIM LON(NS): DIM ZO(NS): DIM
Z (IMAX, JMAX) '
DIM XS (NS): DIM YS(NS): DIM E(NS): DIM Z1(NS): DIM RS (NS)
DS = (2 *pi *A / 360) *dl *
CALL RDFILE1{NS, XS(}, ¥Ys{), 20())
CALL RDFILE2 (IMAX, JMAX, 2())
CALL RDFILE3 (¥S, RS())
CALL ERROR1 (NS, DS, IMAY, JMAX, XS(), YSQ, Z(Q, 200, 210,
E())
FOR i = 1 TO NS
D = RS (i)
CALL CCRREC(NS, D, i, XS(}, ¥Ys{), ALFA, E(), RC)
Z1(i) = 21{i) + ®WC
25 NEXT i
CALL STATISTIC(NS, 20(}, 21(), E()}

e o ot e o " oy e o o " — - - Y 7" Yt A ot (o U s P e . T (et o e o A i A i A St S o S o T

SUB CORREC (NS, D, i, XS5(), Ys(), ALFA, E(), WC)
IN=20
WC =0
FORK =1TO NS
IF K = i THEN 100

X = XS(R) - XS{i)

Y= YS(R) - I5(i)
R=SQRA *X +Y*7)
IF R <= D THEN
IN=IN+1

W= (ABS((R*R-D*D) / (R*R+D * D))y ~ALFA
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WC = WC + @ * EX)

END IF
100 HNEXT K

IF IN > 0 THEN WC = WC / IN
END SUB

SUB ERRORL (NS, DS, IMAX, SMAX, XS(), Y5O, 2(), 200, 21(, E(})
FOR X = 1 TO NS
J = INT(YS(X) / DS + 1)
INT(XS(K) / DS + 1)
XS(K) - ({i - 1) * DS)
YS(K} - ((J - 1) * DS)
(2(1 + 1, J+1) - 2(i, T+ 1)) *X /DS + 2(i, T + 1)
(Z(i + 1, J) - 2{i, J)) *X / DS + 2(i, J)
ZPOR = (V- B) * ¥/ DS + B
Z1 (K} = ZPQR
E(K) = Z0(X) - ZPQR
NEXT K
END SUB

hgononn
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SUB ERRCR2 (NS, 20(), Z1{), E())
FOR K = 1 TO NS

E(K) = 20(K) - 2Z1(K)

NEXT K

- ———— o — " T i o o o i o o e A ik o T e o s e > i o o A D T o e P e b o e > o — — — — —— —

S5UB RDFILE1l (NS, X5(), ¥YS{), 20()) STATIC
PRINT "FILE NAME OF STATION DATA TO OPEN "
INPUT W15

st = " _DAT"

N5 = N1s + W23

OPEW "I", #1, W§

FOR 1 = 1 TO WS

IF ECF (1) THEN 10

INPUT #1, XS{i), ¥5(i), Z0({i)

NEXT 1

10 CLOSE

—— e ot e e o s - " . —— > T — e o T s . " o ot T St ok e A o e A . Bt o s S s ot

SUE RDFILEZ (IMAX, JMAX, Z()) STATIC
PRINT "FILE NAME CF GRID DATA TO OPEN "
INBUT M1$
PRINT " ( PLESE WAIT )"
M2$ = ".DAT"
MS$ = Mls + M253
OREN "I", #1, M3
FOR J = 1 TO JMAX
FCR i1 = 1 TO IMAX
IF EQF(l) THENWN 11
INPUT #1, BW, WW, Z(i, J)

NEXT i
NEXT J
11  CLOSE #1
END 5UB
t
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SUB RDFILE3 (N5, RG())
OREN "1I", #1, "RS.DAT"
FOR i = 1 TO NS
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I¥ EOF (1) TEEN 111
INPUT #1, BE, PF, RG(1)

NEXT i
111 CLOSE #1
END SUB
F o e o e = o e A s e S B v o B ok A Y P B A P A B T S . e A T . B S o e e 7O P T et T S B o e

SUB STATISTIC (WS, Z0(), Zi(), E())
CLS
SM =0
FOR i =1 TO NS
E{i) = 21(i) - 20(i)
SUME = ABS(E(i)) + SUME
SUM = E(i) ~ 2 + SUM
NEXT i
MSE = SUM / NS
PRINT "MSE = ", MSE
END SUB
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CONVERT XYZ DATA FILE FORMAT TO SURFER GRID

DECLARE SUB WRFILE (IMAX!, JMBX!, XG!(), ¥5!(), 2!{(), zmax!, zmin!}
DECLARE SURB RDFILE (IMAY!, JMAX!, XGI(), ¥GI{(}, 21}

DEf‘uARE SUB MAMMIN (IMAY!, JMAX!, Z!{), zmax!, zmin!})

* THIS PRCGRAM CONVERT XYZ DATA FILE FORMAT (.DAT) TO SURFER GRID
* FILE (.GRD)

CLSs

X$ = STRINGS(BOQ, " ™)

FOR I =1 TO 25

PRINT Xs

NEXT I

PRINT " THIS PROGRAM CONVERT X%Z DATA FILE FORMAT (.DAT) TO SURFER
GRID FILE (.GRD)"

LOCATE 3, 30: PRINT " BY : ZIYAD Z.EABIBR ": PRIWT : PRINT : BPRINT
PRINT "IMAX"

IWPUT IMARX

PRINT "JMAX"

INPUT JMAX

DIM XG(IMAX, JMAX): DIM YG(IMAX, JMAXY): DIM Z (IMAX, JMAX)

CALL RDFILE (IMAX, JIMAX, XG{), YG(, Z(})

CALL MAXMIN(IMaX, JMAX, Z(), zmax, zmin)

CALL WRFILE {(IMAX, JMAX, XG(), ¥G(), Z{), zmax, zmin)

CLS

END

SUB MAXMIN (IMAX, JMRX, Z{(), zmax, zmin)

zmax = 2{1, 1): zmin = Z{1, 1}

FOR j = 1 TO JMAX{: FOR I = 1 TO IMAX
IF zmax < Z{I, j) TEEW zmax = Z{I, j):
IF zmin > 2(I, j) TEEW zmin = Z(I, 3): REM
NEXT I, j

END SUB
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SUB RDFILE (IMAX, JMAX, XG(), ¥YG(), Z{)) STATIC
PRINT "FILE NAME TO OFEN ( .DAT ) "
INPUT k1$
k2§ = ".dat"
k$ = k13 + k23
OPEN "I", #1, ks
FCR j = 1 TO JMAX
FOR I = 1 TO IMAX
INBUT #1, XG(I, 3}, ¥6(I, 3), 2(I, )
NEXT I
NEXT j
CLOSE #1

END SUB

Y o o e e e e o e G e G . e e e i o . A P e B . o i e P S B o e S e S S e S o G B

SUR WRFILE (IMAX, JMAX, XG()}, YG(), 2(), zmax, zmin) STATIC
PRINT "FILE NAME OF RESULT TO CREAT {( .GRD )"
INPUT k1$
k2 = ".GRD"
k$ = k1§ + k2§
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OPEN "0, #1, k§
ERINT #1, "Dsaa”
PRINT #1, IMAX:; IMAX
PRINT #1, X6(1, 1) XG(IMAX, 1)
BRINT #1, YG(1, 1) G(1, IMAX)
PRINT #1, zmax:; zmin
FOR j = 1 TO JMRX
INDEX = 10
FOR I = 1 70 IMRY
PRINT #1, Z(X, i}:
IF 1 = IXDEX TEEN
PRINT #1,
INDEX = INDEX + 10
END IF
WEXT I
PRINT #1,
PRINT #1,
NEXT j
CLOSE #1
END S5UB
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