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j The-“figure on. the front page shows: where the four indices used in this work are located.
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2. 1 INTRODUCTION 

1 Introduction 

1.1 The climatological and meteorological situation of Europe. 

Europe is affected by some different large-scale meteorological factors like the Azores 
high, the Icelandic low, the cyclonical genesis on the north Atlantic polar front and 
the Atlantic arctic front, the Asian winter high pressure, and the winter time low 
pressure area in the Mediterranean (Liljequist 1970). 

During winter in the northern hemisphere, the subtropical high pressure cells are all 
weaker. This is because there is a lot of air that accumulates over the huge cooled conti
nents. The Azores high is reaching over the Atlantic on latitude 30°N. On the European 
side of the Atlantic, it stands in connection with the Asian winter high pressure. 
The Icelandic low is much deeper during the northern hemisphere winter. This deep low 
pressure depends on the thermal differences between ocean and continent (including polar 
ice), and of course the cyclonic activity on the arctic and polar front. 
In the area between The Icelandic low and the Azores high and the Asian high there is a 
very strong westerly or southwesterly mean flow over north and northwestern Europe. 

In summer, the warming of the continents on the northern hemisphere makes the air to 
.accumulate more than in the winter over the much colder oceans. This makes the sub
tropical high pressure cells to grow in strength. The north Atlantic high pressure cell 
reaches from the West Indies to Europe, but now the central part is displaced northeast 
to the eastern side of the Atlantic, approximately at the same latitude as the Iberian 
peninsula. The Atlantic polar front is displaced northward, and the circulation around 
the Icelandic low is very reduced in strength (Liljequist 1970). 

1.2 The North Atlantic Oscillation index 

In an old diary from Greenland, owned by a missionary, the following observation was 
made: 

In Greenland, all winters are severe, yet they are not alike. The Danes have noticed that 
when the winter in Denmark was severe, as we perceive it, the winter in Greenland in its 
manner was mild, and conversely. 

This mode of climate variability has been given the name, The North Atlantic Oscilla
tion, or shortly NAO. The NAO, which is associated with changes in the surface westerlies 
across the Atlantic onto Europe, characterizes a meridional oscillation in the atmosphere 
mass with the centers of action near the Icelandic low and the Azores high. For example, 



1.2 The North Atlantic Oscillation index 3 

when the sea level pressure (SLP) is below normal in Iceland, it's generally above normal 
in the Azores, and vice versa. 

A NAO index has been defined as the large pressure difference between Ponta Delgada (the 
Azores) and Stykkisholmur (Iceland). Positive values of the index indicates stronger-than
average westerlies over the middle latitudes associated with the low-pressure anomalies 
over the region of the Icelandic low and anomalously high pressures across the subtropical 
Atlantic. The NAO index is most useful during the the Northern Hemisphere winter and 
then exerts a dominant influence on temperature and precipitation across Western Europe. 

The NAO index has shown a long-term variability. Over the region of the Icelandic low, 
seasonal pressures were anomalously low during the winter, from the beginning of this 
century until about 1930 (except 1916-1919 winters), while pressures were higher than 
average at lower latitudes. Therefore, the wind had a stong westerly component onto 
Europe, and consequently, the moderating influence of the ocean gave higher than normal 
temperatures over much of Europe. 

From the 1940s until the early 1970s, the NAO index was more negative, which was 
marked by lower than normal temperatures in winter in northern and western Europe. 
A very sharp reversal has been noticed over the last 25 years, and since 1980, the NAO 
index has remained mostly positive. Recent winters have had the most positive indices 
recorded, with the exception for the 1996 winter. 
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Figure 1.1: Wintertime index of the NAO based on the difference of normalized sea level 
pressures {SLP) between Ponta Delgada, the Azores and Stykkisholmur, Iceland from 1881 
through 1997. The SLP anomalies at each station were standarized by subtraction of the 
overall mean value and division by the overall standard deviation. 

2 The Experiment 

2.1 The material 

The NAO index extends in a south-north direction. This will result in western or eastern 
wind components, and therefore we want to create an index on the larger scale from east 
to west. 
To create an index with data as old as possible, Moscow (Russia) and Valentia (Ireland) 
were chosen for this study. The data from Moscow reach back from 1881, so that year 
will be the first year in this study. 

This study was supposed to examine the NAO influence on temperature and precipita
tion over Scandinavia, or particulary southern Sweden. Therefore two small indices over 
Sweden were created, one in the south-north direction, and the other in the east-west. 
For the latitudinal index, Kalmar-Uppsala has been chosen, and for the longitudinal index 
Visby-Goteborg. 
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2.1 · The material 

Figure 2.2: Map over Europe showing the four indicies in this work. The distance 
between the cities are, Kalmar- Uppsala 355 km, Visby-Goteborg 377 km, Stykkisholmur
Ponta Delgada 3076 km and Moscow- Valentia 3162 km. 

5 
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WMO number Station name Latitude Longitude 
02631 Lund 55°43'N 13°12'E 
729 * Halmstad 56°40'N l2°53'E 
719 * Karlshamn 56°1l'N 14°5l'E 
02640 Vaxjo 56°52'N 14°48'E 
02672 Kalmar 56°44'N 16°18'E 
02513 Save 57°47'N l1°53'E 
714 * Boras 57°46'N 12°57'E 
02576 Vastervik 57°43'N 16°28'E 
02590 Vis by 57°40'N 18°2l'E 
08524 Linkoping 58°24'N 15°3l'E 
02462 Uppsala 59°5l'N l 7°37'E 
09821 Stockholm 59°2l'N 18°04'E 
03953 Valentia 51°56'N 10°15'W 
04013 Stykkisholmur 65°05'N 22°44'W 
08513 Ponta Delgarda 37°45'N 25°40'W 
27612 Moscow 55°75'N 37°43'E 

Table 2.1: Station list for this experiment. All Swedish stations without a WMO number 
are marked with (*). Instead they have a Swedish synoptical number. 

Twelve stations in southern Sweden have beeh chosen for this study. All stations contain 
data from 1881 to 1997, except for Boras, (1884 to 1997). Unfortunately some of the 
stations have changed places. Some of the stations are synoptical WMO stations, i.e. 
they are official and are envolved in the global data system. Some other are just Swedish 
climatological stations, which mean that they don't have a WMO number, but they have a 
Swedish synoptical number instead. The parameters that have been studied were monthly 
values of temperature and precipitation. 
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Figure 2.3: Map over southern Sweden showing all stations involved in this study. All 
positions and WMO numbers are shown in table 2.1. 



8. 3 MATHEMATICAL BACKGROUND 

3 Mathematical background 

3.1 Linear Correlation 

After been creating three new indices, Kalmar-Uppsala, Visby-Goteborg and Moscow -
Valentia, it could be interesting to see how they are correlated to each other and the 
NAO index. Most widely used is the linear correlation coefficient. It's defined as the ratio 
between the covariance and the two standard deviations. For pair of quantities ( Xi, Yi), 
i = 1, ... , n, we have 

(3.1) 

where x is the mean of the x/s and y is the mean of the y/s. 

The value of r lies between -1 and 1, inclusive. When the data points lie on a perfect 
straight line with positive slope (r = 1), with x and y increasing together, it is called 
complete positive correlation. If the data points lie on a perfect line with negative slope 
(r = -1), y decreasing as x increases, then it's called complete negative correlation. A 
value of r near zero indicates that the variables x and y are uncorrelated. 

The estimated correlation coefficient is always afflicted with some standard errors. Using 
the value of the standard error, we can test if r is significantly different from zero. One 
should always be careful with correlation values close to zero. 
To estimate the significance of a correlation, the following formula can be used. 

(3.2) 

where Sr is the standard error of the correlation coefficient, r is the calculated correlation 
coefficient, and n is the number of values (xi, Yi)· 

The value of lrl should be larger than l.96sr for a connection to be probable, according to 
the 953-confidence interval (assumption of normal distribution). This means that there 
is at most a 53 risk that we are wrong when we claim that there is a coupling between x 
and y. 
In this work we have approximated and when we say that the correlation coefficient is 
significantly different from zero, lrl should be at least 2sr. 
When a correlation is known to be significant, r is a convenient way of summarizing its 
strength. 
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3.2 Multiple linear regression 

In many situations, two . or more independent variables must be included in a regression 
model to provide an adequate description of the process under study or to yield suffi
ciently precise inferences. 
Multiple linear regression attempts to model the relationship between two· or more ex
planatory variables and a response variable by fitting a linear equation to observed data. 
This means that with multiple regression, we can observe one dependent variable, whose 
variation we want to explain in terms of a number of other independent variables, which 
we can also observe. We want to know which (if any) of t.hese independent variables that 
are significantly correlated with the dependent variable, taking into account the various 
correlations that may exist between the independent variables. 
The multiple linear regression model with n independent variables is expressed as 

where 

/30 = Y intercept 
/31 = slope of Y with variable X1 holding X 2 , ••. ,Xn constant 
f3n =slope of Y with variable Xn holding Xi, ... ,Xn....,1 constant 
Ei = random error in Y for observation i 

(3.3) 

This multiple regression model can be compared to the simplier linear regression model 
expressed as 

(3.4) 

In the latter one should note that the slope /31 represents the unit change in Y per unit 
change in X and does not take into account any other variables besides the single inde
pendent variable that is included in the model. In the multiple regression model (3.3), 
theslope /31 represents the unit change in Y per unit change in Xi, taking into account 
the effect of X2 ,; .• ,Xn, andis referred to as either a net or partial regression coefficient. 

The s~ple regression coefficients (b0 , bi, ... , bn) are used as estimates of the true param
eters (/30, /3i, ... ,f3n}· The sample regression equation for the multiple linear regression 
model with n independent variables is 

(3.5) 

3.2.1 Regression coefficient and the least-squares method 

To solve the problem with with the regression coefficients {b0 ,b1 , ... , bn), we use the least-
squares method. · 
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In the least-square model, the best-fitting line for the observed data is calculated by min
imizing the sum of the squares of the vertical deviations from each data point to the line. 
If a point lies on the fitted line exactly, then its vertical deviation is zero. Because the 
deviations are first squared, then summed, there are no cancellations between positive 
and negative values (Lindgren 1976). 

Analogous to equation 3.3 the sample regression model can be expressed as 

Yi= bo + biXi+, ... , +bnXin + ti 
which also can be written as Yi = Yi + Ei· 

(3.6) 

By subtraction, Yi - (b0 + biXi +, ... ,+ bnXin) =Yi - Yi = Ei. If we now use the the least
squares principle, then L = I:f=i cl = a minimum total. By taking the partial derivates 
of L with respect to b0 to bn, and setting the the results equal to zero, (i.e. 8L/8b0 = 0) 
and 8L/8bn = 0) we obtain n normal equations below and solve for the sample regression 
equation. 

p p 

pbo +bi L Xii+, ... , +bn L Xni 
i=i i=i i=i 

p p p 

bo L Xii+ bi L Xii+, ... , +bn L XiiXni 
i=i i=i i=i 

p p p 

bo L Xni +bi L XliXni+, ... , bn L x~i (3.7) 
i=i i=i i=i 

Now remain only the hard work to solve these normal equations. To do that, we use 
the Gauss-Jordan technique of successive elimination, see appendix. For each of the 
coefficients bi the programme also supplies a standard deviation Sbi. In the next section 
the ratio bi/ Sbi is used to describe the strength or significance of each predictor. This 
ratio should be above 2 if the correspondent predictor has a significant influence. 
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4 Significance for the predictors 

Here follows a presentation from each of the 12 stations in Sweden, concerning the two 
predictands, temperature and precipitataion. To understand this chapter text correctly, 
one have to to know the following. 

* NAO is the North Atlantic Oscillation, i.e. the pressure difference between Ponta Del
gada and Stykkisholmur. 

* Mo Va is the pressure difference between Moscow in Russia and Valentia, on the south
western corner of Ireland. 

* KaUp and ViGo are the pressure differences between Kalmar and Uppsala, and Visby
Goteborg respectively. 

* Pressure, stands for the average pressure of Vis by, Goteborg, Kalmar and Uppsala. 

The strength of significance of a regression coefficient can either be positive or negative. If 
it is positive, this means that the independent and dependent variables tends to increase 
and decrease simultaneously. For example, if the significance of NAO is positive, this 
means that the pressure difference between Ponta Delgada and Stykkisholmur most of
ten is positive (westerly winds), when the temperature or precipitation is positive (above 
normal). 
If instead the strength of significance is negative, this means that easterly winds tend to 
increase the parameter (higher pressure near Iceland, lower close to the Azores). 

If the significance for the average pressure P is positive, this means that it must be a 
high pressure situation to increase the parameter. If it is negative, there must be a low 
pressure, to increase the parameter. 

Note, that the strength of significance (positive or negative) always make the parameter 
to increase, i.e. higher temperature or more precipitation. 

4.1 Temperature 

The twelve stations have been divided into three groups, according to how they are lo
cated geographically. The groups are: 

The west coast : Lund, Halmstad, Goteborg/Save. 
The east coast: Karlshamn, Kalmar, Visby, Vastervik and Stockholm. 
Inland stations: Vaxjo, Boras, Linkoping and Uppsala. 
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4.1.1 The west coast 

The west coast is dependent on its closeness to the ocean. It is very unusal that Kattegatt 
or Skagerack are covered with ice during winter. This affect the west coast stations with 
mild winter temperatures. 

Lund has been placed as a west coast station, but its situation is a bit different from 
Halmstad and Goteborg. This is because there is only a smaller area of water just outside 
Lund, Oresund, and it has not the same effect as the water northward. Also Lunds close 
distance to Denmark, a land area, has some effect on the temperature. 

Most significant is the high pressure predictor during the summer, especially in Lund. 
KaUp seems to be the strongest predictor during the winter. NAO is the strongest pre
dictor in March, September and November for all three stations. A remarkable thing is 
the different sign between NAO and KaUp during the summer, from May until August 
(in Lund from June). This means that the local predictor, KaUp, wants to have a lower 
pressure to the south, and a higher pressure to the north to get an increase in temper
ature. Or in other words, an easterly wind component will increase the temperature for 
these stations. 
NAO on the other hand, wants a westerly wind component to increase the temperature. 
This will make the two indices in the south-north direction to work in the opposite di
rection to each other. In these cases, the local index KaUp seems to be stronger than 
the NAO. This apparent contradiction is possible as the two spatial scales are so different 
and there may be locally easterly winds over southern Scandinavia at the same time as 
the NAO index is positive. 

Also the simple independent variable, the absolute pressure, is important with high pres
sure clearly favouring warm weather in summer and a tendency, although not significant, 
to favour cold weather in winter. 
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Figure 4.4: Significance of predictors for temperature in Lund between 1881-1997. Sig
nificance is defined as the ratio b/ Sb. Then the lines at -2 and 2 show where the predictors 
become significantly different from zero. 
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Figure 4.5: Significance of predictors for temperature in Halmstad between 1881-1997. 
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Figure 4.6: Significance of predictors for temperature in Goteborg/Save betwwen 1881-1997. 

4.1.2 The east coast 

There are six stations on the east coast from Karlshamn in the south, to Stockholm in 
the north. One might think it is strange to let Karlshamn belong to the east coast group. 
Unfortunately there where not enough stations to make a south coast group for temper
ature, and Karlshamn behave, in the temperature case, more like the east coast stations. 

Just like the west coast the significance between NAO and the temperature is highest in 
March. Visby is the only of the 12 stations in this work that shows no significance at 
all for the NAO predictor. This occurs in January, see figure 4.10. The KaUp predictor 
is strongest (positive significance) in the winter, i.e. from December until February. In 
Visby it is strongest from October to February. 
The Mo Va predictor is only significant during a few months, between May and October 
It is never the strongest predictor for any month or station. The local east-west predictor 
ViGo, shows some significance during the year, especially during the winter. 
The high pressure predictor seems to be the most dominant from June until August, ex
cept for Karlshamn (May-August) and Visby (June and July). It is also these two stations 
who show a low pressure significance in January, i.e. a low pressure situation will make 
an increase in the temperatures. 
The biggest difference between the east and west coast, is the duration of the Ka Up pre
dictor. The figures 4.4 to 4.6 from the west coast, show that the duration of negative 
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Figure 4.7: Significance of predictors for temperature in Karlshamn between 1881-1997 

significance for KaUp is longer than for the east coast. KaUp on the east coast seems 
only to be negatively significant during two months, except for Karlshamn. On the east 
coast it takes longer time for KaUp to become negatively significant. This is because it 
takes longer time for the Baltic Sea to warm up compared with the land area, which is 
between the west coast stations and the Baltic Sea. 

4.1.3 The inland stations 

The inland stations are not so affected by the oceans as the other stations. Just like the 
other groups, the NAO is the strongest predictor in March, September and November. 
The KaUp predictor seems to be dominant during the winter, the strength in significance 
grow with the latitude, i.e. the strongest value for the predictor is in Uppsala. During 
the summer, the KaUp predictor is significant between two and four months, with the 
highest number of significant months in the west. 
The pressure predictor seems to be strongest during May-August, except for Uppsala 
(May-July). This predictor also seems to decrease with higher latitude during the summer. 
The Mo Va predictor is positive significant only for afew months over the year, but is never 
the dominant predictor during these months. The ViGo predictor is positively significant 
for different months during late autumn and winter. It is also significant in April for all 
stations, and in June for Linkoping and Uppsala. 
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Figure 4.8: Significance of predictors for temperature in Kalmar between 1881-1997. 
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Figure 4. 9: Significance of predictors for tempearture in Vastervik between 1881-1997. 
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Figure 4.10: Significance of predictors for temperature zn Visby between 1881-1997. 
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Figure 4.11: Significance of predictors for temperature in Stockholm between 1881-1997. 
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Figure 4.12: Significance of predictors for tempearture in Viixjo between 1881-1997. 
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Figure 4.13: Significance of predictors for tempearture in Boras between 1881-1997. 



4.1 · Temperature 

G--E) NAO 
~ Mova 
----* KaUp 
G---El ViGo 
~ Pressure 

4 --------------- ------- ------------

-4 

Month 

Figure 4.14: Significance of predictors for temperature in Linkoping between 1881-1997. 
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Figure 4.15: Significance of predictors for temperature in Uppsala between 1881-1997. 

19 



I 
- I 

i 

20 4 SIGNIFICANCE FOR THE PREDICTORS 

4.2 Precipitation 

Just like we did in the temperature section, we divide the 12 stations into different groups 
depending where they are located. It is always difficult where we should place a certain 
station. In this section the stations are diveded as follows. 

The west coast: Halmstad, Goteborg/Save and Boras 
The south coast: Lund, Karlshamn and Vaxjo 
The east coast: Kalmar, Visby, Vastervik, Linkoping, Stockholm and Uppsala. 

It maybe looks strange to change group for a few stations between the two different exper
iments but this is because there is a difference how a certain station behaves depending 
on what kind of predictand we are dealing with. 

4.2.1 West coast 

The west and south coast groups are the ones that welcome the cyclones and fronts that 
are coming from the Atlantic, British isles and the North Sea. This is the most frequent 
track for the cyclones that affects Sweden. 

The most dominant predictor is the pressure predictor. It's negatively significant, i.e. a 
low pressure will increase the precipitation. The lowest values of the pressure predictor 
occur in October (Halmstad) and in March (Goteborg/Save). The other predictors are 
not so important, and are just above the significance level for a couple of months during 
the year. 
The NAO predictor is not as dominant as in the temperature case. Here it is only signif
icant for a few months, February (Halmstad), March (Halmstad, Goteborg/Save, Boras), 
and June (Boras). The other large scale predictor, Mo Va, seems to be more significant 
for stations on a higher latitude. In Halmstad it is only above the significance level in 
June, but for the other two stations the Mo Va predictor is significant during the whole 
summer. 

The KaUp predictor is negatively significant in Halmstad in March, August and Septem
ber. This means that an easterly wind (low pressure to the south, high pressure in the 
north) tends to increase the precipitation. Further to the north the predictor seems to be 
more positive. In Goteborg/Save, the predictor is positively significant in October, and 
in Boras it is positive and significant from October to April. 
The second local index, ViGo, is significant for most of the months during the year. It is 
always positive meaning that southerly winds favour large' precipitation values. In Boras 
in November, the local index is positive while the larger index, Mo Va, is negative, i.e. 
opposite signs, see figure 4.18. 
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Figure 4.16: Significance of predictors for precipitation in Halmstad between 1881-1997. 
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Figure 4.17: Significance of predictors for precipitation in Goteborg/Save between 1881-1997. 
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Figure 4.18: Significance of predictors for precipitation in Baras between 1884-1997. 

4.2.2 The south coast 

Just like the west coast, it's the pressure predictor that is dominant here on the south 
coast. The most significant (negatively) values here occur in October (Lund, Vaxjo) and 
August (Karlshamn),figures 4.19- 4.21. 
The NAO is only significant in February (Lund) and in August (Karlshamn), but mostly 
the significance level is close to zero. Instead, the local index KaUp shows more signif
icance. The predictor is negatively significant, in Lund (June to March), in Karlshamn 
(August to April), and in Vaxjo (June and August to September). A remarkable thing is 
the different sign between the predictors NAO and KaUp in January-March (Lund), and 
in August (Karlshamn), see figures 4.19 and 4.20. In Lund, the NAO index is stronger 
but in Karlshamn it's weaker than the KaUp index. 
The large index in the east-west direction, MoVa, is just like the NAO index, i.e. it is 
barely significant at all. In Lund it is just below the level for significance for two months 
(March and December), in Karlshamn and Vaxjo just for one month (June and August 
respectively). 
The local index, Vi Go, is just significant for a few months over the year. For all three sta
tions it's positive and significant in December and January, in March (Lund and Vaxjo), 
July (Lund), and September (Karlshamn and Vaxjo). The two east-west indices have 
different signs in March in Lund. This means an apparent opposite wind direction to 
each other to increase the precipitation, see figure 4.19. 
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Figure 4.19: Significance of predictors for precipitation in Lund between 1881-1997. 
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Figure 4.20: Significance of predictors for precipitation in Karlshamn between 1881-1997. 
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Figure 4.21: Significance of predictors for precipitation in Vaxjo between 1881-1997. 

4.2.3 The east coast 

On the east coast it's just like the other two coasts, the pressure is the dominant predic
tor. But this time there is one competative predictor, the KaUp index, especially for the 
southern stations. 
The low pressure predictor has its lowest value, i.e. the largest negative significance in 
October or November for the east coast stations. The values are not so low as in the two 
other groups. The NAO predictor has no significance at all in Kalmar and Visby. For the 
other stations, the NAO is positively significant in February (Vastervik, Stockholm and 
U ppsala), March (U ppsala) and in November (Vastervik). There are also a few months 
with negative significance for NAO, as July (Vastervik}, August (Linkoping, Stockholm 
and Uppsala) and September (Uppsala). 

The local Ka Up predictor is the only predictor through. whole this precipitation section 
who can match the pressure predictor. In Kalmar, KaUp is negatively significant during 
the whole year except for July. It's even more negative than the pressure in January. 
In Vastervik, KaUp is significant trough the whole year except for May and July. On 
the other hand, KaUp is more negative than the pressure in January and February. The 
KaUp predictor seems to be less negative on higher latitudes, just like what happened on 
the west coast. In Visby and Linkoping the predictor stays significant from August until 
April, in Stockholm until March, and in Uppsala it's only significant in November. 
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Figure 4.22: Significance of predictors for precipitation in Kalmar between 1881-1997. 

The Mo Va predictor seems to have some kind of relation with the latitude. At the same 
time there seems to be a delay when this significance occur. In the south it occur in 
the early summer, while in the north, it occur in the late summer. In Kalmar it doesn't 
show any significance at all, figure 4.22, while for stations further north it becomes more 
significant for some months. 
The local predictor, Vi Go is more negative on the east coast than westwards. This reflects 
the quite well-known fact that northerly and northeasterly winds can give quite much rain 
along the east coast, e.g. as snow showers in cold winter situations. The months with 
negative significance of ViGo is highest in Visby, (6 months), Kalmar, Stockholm and 
U ppsala has only one month while Linkoping has no month at all. In Visby, the predictors 
Mo Va and Vi Go have different signs of significance, figure 4.23. The same happens in 
Stockholm and Uppsala in May, see figures 4.26 and4.27. 



26 4 SIGNIFICANCE FOR THE PREDICTORS 

6 

G--El NAO 
-----.< Mo Va 

4 _____.... Ka Up 
G---£J Vi Go 
o-----0 Pressure 

" " ffi 
~ 
·2 
.Q> 

"' 0 
:§, -4 
c: 
!!! 
iii 

-8 

-10 

-12 
J F M A M J A s 0 N D 

Month 

Figure 4.23: Significance of predictors for precipitation in Visby between 1881-1997. 
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Figure 4.24: Significance of predictors for precipitation in Vi:istervik between 1881-1997. 
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Figure 4.25: Significance of predictors for precipitation in Linkoping between 1881-1997. 
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Figure 4.26: Significance of predictors for precipitation in Stockholm between 1881-1997. 
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Figure 4.27: Significance of predictors for precipitation in Uppsala between 1881-1997. 
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5 Correlation coefficients 

In chapter 2, we showed how to get correlation coefficients between two variables. In this 
chapter the results of correlation coefficients between different variables will be shown. All 
predictors have been correlated to each other for all 12 months during a year. The most 
interesting is of course the correlations between the small and larger indices, i.e. NAO 
and Kalmar-Uppsala, and between Moscow-Valentia and Visby-Goteborg. To calculate 
the significance level, we use equation 3.2 . 
In figure 5.28, we can clearly see that the correlation between NAO and KaUp is strongest 
during the winter. In the summer, the correlation is weak, and sometimes not even 
significant. In the autumn, the correlation between NAO and ViGo is stronger than NAO
KaUp. This can seem to be strange because NAO and ViGo is almost perpendicular to 
each other. A reason for this can be a strong low pressure near Iceland, which will create 
a southerly wind component over Scandinavia. 
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Figure 5.28: Correlation coefficients over the year between NAO and Kalmar-Uppsala 
(solid}, NAO and Visby-Goteborg (dotted). The significance level for this case is 0.18 
(dashed). 

In figure 5.29, it's obvious that the correlation coefficients between the east-west in
dices are much better correlated than the south-north indices, i.e. Moscow-Valentia and 
Visby-Goteborg are higher correlated than NAO and Kalmar-Uppsala. The correlation 
MoVa-ViGo is highest in late autumn and during the winter, and weakest during the sum
mer. We can note that MoVa-ViGo correlation is always stronger than the NAO-KaUp 
correlation. The correlation between Mo Va and KaUp is negative and mostly significant. 
The strength of significance is stronger than between NAO and ViGo. 
Another interesting part is to see how these indices behave for different seasons from 1881 
to 1997. To get these indices out from the difference in pressure, we have to do a normal-
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Figure 5.29: Correlation coefficients over the year between Moscow- Valentia and Visby
Goteborg (solid}, and between Moscow- Valentia and Kalmar-Uppsala (dotted). The signifi
cance level is± 0.18. 

ization, i.e. the SLP anomalies at each station were standarized by subtracting the mean 
value and by division by the long-term standard deviation. 
For example, if we talk about the· winter of 1985, this means the winter from December 
1984 to February 1985. Unfortunately, it would have been impossible to see anything if 
we had plot two indices in the same plot. It shall also be mentioned that the winter index 
from the first year, 1881, is not correct. This is because we don't have any values from 
December 1880. 
If we compare the two plots in figure 5.30 we will see that the plots have some features in 
common. For example, the winters between 1940-1942, 1969, 1985-1987, and 1989. Be
cause a value is low or high, does not necessarily mean that it was a cold or mild winter 
during that particular year. We shall remember that the plots are based on the pressure 
and the pressure differences. This means that the pressure difference situation at that 
particular year is perfect for a cold or mild winter to occur. In section 7 we shall discuss 
what kind of parameters that can affect the temperature.· 
As we saw in section 4.2, there is one predictor, except the pressure, who have some 
significance at all concerning precipitation. It's the KaUp predictor, and it's most signif
icant during the summer especially in the south east part, like Karlshamn, Kalmar and 
Vastervik. 
During the summer, the correlation coefficient between NAO and KaUp is very low, for 
some months it's not even significant. This means that we should be careful relating the 
indices in figure 5.32. 
The indices in figure 5.33 are well correlated, but the significance in section 4, with all 
other predictors are just sporadical over the year. 
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Figure 5.30: Winter time index of the NAO (left) and the KaUp (right). 
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Figure 5.31: Winter time index of the Mo Va (left) and the Vi Go (right). 
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Figure 5.32: Summer time index of the NAO {left) and the Ka Up (right). 
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Figure 5.33: Summer time index of the Mo Va {left) and the ViGo (right). 
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6 Regression and observation values 

In this 117 years long dataset, there are of course normal and extreme years. The mul
tiple regression model program used in this work (see appendix), has also an output of 
regression and observation values for each predictand. The regression value is a calculated 
value, based on the five predictors used in this work. 
By plotting the observation and regression values against each other, it will be easier to 
see how they are related. In the following sections, there have been two plots made for 
each predictand group, one in January, and the other in July. This is done to see the 
difference in linearity between winter and summer. 
Notice that some of the groups have only three stations while another group maybe have 
five or six stations involved. This will of course make a difference between number of dots 
in a plot. The first view of a plot can maybe be a little confusing, but it's how these 
dots are spread, who is important. This was made only to avoid any discussion if we had 
chosen a particular station. 

6.1 Temperature 

The temperatur linearity in January doesn't seem to differ much between the three groups. 
There is mabye just a slightly better linearity on the east coast, followed by the inland 
stations, and then finally the west coast. 
But the differences are most obvious between January and July plots 6.34 - 6.36. The 
dots lie closer to the line in January, than in July. At the same time one can see that the 
inland stations have their dots more spread compared to the east and west coast. The 
reason for this will be discussed in section 7. 

6.2 Precipitation 

In the precipitation plots, one can easily see the difference of total precipitation in January 
between the groups. The highest amount of total precipitation for a year is on the west 
coast, decreasing eastward. It is also easy td see that the linearity is best on the east 
coast in January, decreasing westward. 
In the July plots, it's more difficult to see which group that is best described by our linear 
model. However, the total amount of precipitation is higher during the summer than 
in the winter. Just like in the temperature case, there is a better linearity in January, 
especially on the east coast. This could be expected comparing for example January in 
fig 4.16 (Halmstad, west coast) with 4.23 (Visby, east coast) where the pressure is the 
dominant predictor in the first case (significant level 6) while both pressure and KaUp is 
close to level 5 for Visby. And finally, in all six plots one should notice that the dots for 
higher amounts of precipitation seem to turn upward, i.e. the observation value is higher 
than the regression value. 
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Figure 6.34: Regression and observation values of temperature on the westcoast (Lund, 
Halmstad and Goteborg/Siive) between 1881-1997. Left: January, Right: July. 
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Figure 6.35: Regression and observation values of temperature among the inland sta
tions (Viixjo, Boras, Linkoping and Uppsala) between 1881-1997 (Boras from 1884). Left: 
January, Right: July. 
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Figure 6.36: Regression and observation values of temperature among the inland stations 
(Karlshamn, Kalmar, Vastervik, Visby and Stockholm} between 1881-1997. Left: January, 
Right: July. 
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Figure 6.37: Regression and observation values of precipitation on the west coast (Halm
stad, Goteborg/Save) and Baras between 1881-1997 (Baras from 1884). Left: January, 
Right: July. 
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Figure 6.38: Regression and observation values of precipitation on the south coast 
(Lund, Karlshamn and Vaxjo) between 1881-1997. Left: January, Right: July. 
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Figure 6.39: Regression and observation values of precipitation on the east coast 
(Kalmar, Vastervik, Visby, Linkoping, Stockholm and Uppsaia) between 1881-1997. Left: 
January, Right: July. 
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7 Summary and discussion 

In this work we have used a Multiple linear regression model, to calculate the coeffi
cients and the significance for a certain predictor. The pressure differences between Ponta 
Delgada-Stykkisholmur (NAO), Moscow-Valentia(MoVa), Kalmar-Uppsala (KaUp), Visby
Goteborg/Save (ViGo), are the first four predictors. The number five predictor is just the 
absolute mean pressure from four different stations in southern Sweden. The four stations 
are the same as we used to build up the two local indices, i.e. Visby, Kalmar, Goteborg 
and U ppsala. 
The five predictors were used in the multiple regression model together with the two differ
ent predictands, temperature and precipitation. All analyses were performed on monthly 
data. 

7.1 The significance 

7.1.1 Temperature 

For the temperature, NAO is significant for all months for all stations used in this work, 
except for Visby in January. It's not so dominating, as one could think it should be. For 
example, it's only the strongest predictor for a few of months during the year. 
A remarkable thing is that after NAO has been weak compared to the other predictors 
during the winter, it always turns out to be the strongest predictor in March, for all 
stations. After that; NAO decreases in significance, and get its lowest value in April (for 
some stations January is the lowest). 
Another interesting thing is the sign of significance for NAO, it's always positive for all 
stations. This means a westerly wind component tends to increase the temperature. Is 
this really true? 
It's true that a westerly wind component would increase the temperature during the 
winter season. At that time, the water in the Atlantic and the Norwegian Sea is warm 
compared to the land, especially if we compare to the continent east of Scandinavia. 
But in the summer, the water west of Scandinavia is cooler than land, so a westerly wind 
would cool instead of warm up Scandinavia. In this case, the NAO seem to be on a too 
large scale for such a small area as southern Sweden. Therefore, we created local indices. 

The local predictor, KaUp, is very dominant in the temperature case. It's the most 
dominant predictor during the winter, for all stations, sometimes two or three times 
stronger than NAO. In spring time, KaUp decrease in significant strength, change sign, 
and turn out to be negatively significant during the summer. This means that the easterly 
wind component tends to increase the temperature in Scandinavia, which seems to be more 
true than the signals that NAO gave us. 
However, it's strange to see the two south-north indices with different signs of significance 
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during the summer, but in this case we have to believe in the KaUp predictor, because 
it's more local than NAO. 
During the summer, it's the mean pressure predictor that is the most dominant in signifi
cance. This means that a high pressure situation has the best oppurtunity of all predictors 
to increase the tempearture. In spring and autumn, the mean pressure predictor is not 
strong at all. A high pressure in March or September, may increase the daily tempera
ture. But we should have in mind, that the temperatures in this work are monthly mean 
temperatures, i.e. both days and nights included. 

The indices in the east-west direction, are not so dominant at all compared to the south
north indices. The local Vi Go, seems to be more positively significant than its companion, 
Mo Va. This especially occur in the late autumn an winter. Mo Va is only significant for 
a couple of months, particular on the east coast. 

7.1.2 Precipitation 

For precipitation, there is one predictor that is outstanding in significance compared to 
the others, namely the absolute mean pressure. For some stations, the mean pressure is 
almost the only significant predictor at all. 

NAO is a surprise, it's only above the significance level for a few months, for just a few 
stations. Instead the local predictor, KaUp, is more significant. On the west coast it's 
just significant for a few months, but it's increasing further east. Another notable thing 
with this predictor is the strength and sign of significance. For the southernmost located 
stations it turns out to be strong and negative. Moving northwestward, this predictor 
seems to be non-significant, or even positively significant. 
For the southeast stations this means that an easterly wind tends to increase the amount 
of precipitation, while for stations further to the northwest, a westerly wind will increase 
the precipitation, most pronounced for Boras among these stations. 
The ViGo predictor seems to be positively significant for some months on the west coast, 
and negatively significant for some months on the east coast, i.e. it is decreasing towards 
the east. This means a southerly wind to increase the precipitation on the west coast, 
while the east coast wants a northerly wind component. 

Finally, it should be said that the wind direction isn't exactly south, east, north or west. 
For example, with a negative KaUp predictor, there should be a lower pressure in Kalmar 
than in Uppsala. At a first look this means a easterly wind component, but depending on 
how the low and high pressure are located, this can also mean a northeast or southeastern 
wind component. 
If we go back to the case with precipitation and the ViGo predictor, we can see that an 
increase in precipitation on the west coast could be generated by a southwestern wind, 
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while a northeastern wind direction will increase the precipitation on the east coast. 

7.2 Correlation coefficients 

The correlation coefficients between the large and smaller indices vary over the year. For 
NAO and KaUp, the correlation between them is weak during the summer, and stronger 
in the winter. 
The correlation between MoVa and ViGo is much better than NAO and KaUp. One 
explanation for this is the distance between the two parallel lines Moscow-Valentia and 
Visby-Goteborg/Save. Unfortunately, the distance between the two parallell lines for 
NAO and KaUp is maybe affecting the correlation too much. 

Another interesting part in section 5, is the correlation between NAO and ViGo. They 
seem to be better correlated than the two south-north indices, NAO and KaUp. Just 
as we wrote above, the explanation can be the 3-dimensional pressure configuration and 
the exact location of highs and lows. Imagine a very strong low pressure near Iceland. 
This low will affect Scandinavia with west to south-westerly winds. At the same time, 
we know that the angle between the two indices is less than 90 degrees, and therefore, the 
correlation between NAO and ViGo is high during the autumn. 

7 .3 Regression and observation values 

Concerning this part, there are many factors to consider. The temperature is much better 
described by our model in January than in July for all stations. The reasons for this can 
be many. For example, during the summer the air temperature has a smaller scale to 
oscillate between, compared to the winter. Another reason can be that in the summer it's 
difficult to know where there are going to build up clouds due to convection. As we can 
see in section 6.1, the inland stations have their dots more spread in July than the two 
other groups. The two coastal groups are dependent on the distance to the ocean. The 
water makes the tempearture more stable, both in winter and summer. 

In the plots on section 6.2, you can clearly see that the amount of precipitation is highest 
on the west coast. This is obvious, the lows are most frequently coming in from the south
west or west, and drop most of the precipitation when they reach land, in this case the 
west coast. In the summer, the dots seem to be more spread, just like in the temperature 
case. And just what was mentioned above concerning the temperature, the convective 
cloud formation is one parameter to consider. In this case the clouds build up, condensa
tion state is achieved, and finally rain showers occur. This total amount of precipitation 
in these showers are of course very difficult to predict, especially with a model that only 
has pressure or pressure differencies to calculate with. 
The amount of precipitation due to snow showers, for example on the east coast, is much 
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better shown with this regression model. This is because the snow showers won't build 
up until we have a wind direction that makes cold air to travel over a relatively warm sea. 
This wind direction is generated because of the pressure difference, and it's the pressure 
that this model is based on. 

With this regression model, there is an output with the highest and lowest regression and 
observation values for all months. For example, the highest regression value for January 
is from 1993, and the lowest from 1987. At these times the pressure situations are best 
to create the highest and lowest temperature for January. But the highest and lowest 
observed values are from 1989 and 1942, respectively. This just show that the values 
calculated with this model, only rely on the pressure, and are not perfect ones. 

7.3.1 Same indices, different temperatures 

Finally we will explain how an equal index at different times can generate different pre
dictands. First, there will be no explanation concerning precipitation, because of the low 
significance, see section 4.2. 

Take a look at the the Ka Up plot, 5.30. We know from before that the correlation between 
NAO and temperature, KaUp and temperature and finally between NAO and Ka Up is 
significant during the winter, and almost for the whole summer. First we look at the 
winter plots. 
There we can see that the indices are lower during the cold winters 1985-1987, compared 
with the winters during the war in 1940-1942, for the KaUp index. If we now look at 
the pressure plot below, we can see that the mean pressure was higher during the win
ters between 1940 and 1942. A research in old data from these two times, shows that 
the amount of precipitation during 1985-1987 was higher than in 1940-1942. Thus, the 
more cyclonic and cloudy conditions 1985-87 made the temperatures to raise somewhat 
compared to the 1940-42 winters. 
Another example is the summer of 1997. In the Ka Up plot, we can see a very low index 
for this summer. This means an easterly wind component, which is necessary to increase 
the temperatures. At the same time we have a very high mean pressure and very sunny 
weather, so this summer turned out to be something special. 

These two examples stress the fact, that not only the pressure and pressure differences but 
also not explicity handled predictors as cloudiness play an important role considering the 
tempearture. This means, that a low index in the winter or summer, doesn't automatically 
result in a cold or warm summer. Remember the section about significance. In the winter, 
the pressure predictor doesn't seem to be significant at all, but in the summer it does. So 
a high mean pressure during the summer increases the temperature, while a high pressure 
during the winter is a less useful predictor. 
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A high pressure situation during winter may create a subsidence inversion, which results 
in a layer with low clouds covering the sky, which has a decreasing effect on the outgoing 
longwave radiation. The temperatures will not be so low. In other situations the air is 
dryer and cold inversions can build up without cloud formation and then the temperatures 
will be very low. 

8 Conclusions 

In this work we have used a multiple linear regression model, to see how different pre
dictors are correlated to each other, and how they are correlated to temperature and 
precipitation in the southern part of Sweden. 
The correlation between the large and small indices vary over the year, but both cases 
show an increase in correlation during the winter. The Mo Va index and the Vi Go index 
are much better correlated than what the NAO and the KaUp indices are. One possible 
explanation for this can be the much shorter distace between the lines Mo Va and Vi Go in 
the latitudinal direction, compared to the distance in the longitudinal direction between 
NAO and KaUp. 

The correlation between the predictors and the predictands, temperature and precipita
tion, vary between different stations. The south-north predictors, NAO and KaUp, show 
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different signs concerning the temperature in the summer. This is remarkable, but one 
should have in mind, that the correlation coefficient between the two is very low during 
the summer months. 
To recieve a good approximation concerning the precipitation amount by using this mul
tiple regression model, it's almost enough to use the mean pressure predictor, because the 
other predictors are very low or not even significant, except for some stations. The NAO 
predictor is only significant for a few months concerning precipitation. It should also be 
mentioned, that the model shows a lower amount of precipitation than what is observed 
when we are talking about great amounts of precipitation. 

Finally, this regression model is based on pressure differences or just the mean pressure. 
This means, that the model doesn't take into account such phenomena as convective 
clouds, local rain or thunder storms, subsidence inversions, sea breeze effects, etc. 
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c *** 
C ***Program som gM-vr mult.linj.regr. (med Gauss-Jordan elimination i 
C *** subrutinen) efter att dataset frM-en g.f-output lM-dsts in 
c *** 

implicit none 
integer n,np,m,mp,i,imax,j,jj,anno,mon,ips,monx(l2),im,ixx,inn 

&,annol,asp(lOOO) ,msp(lOOO),infla,ixo,ino,noll,logo,kv,el,kl 
parameter (np=5,mp=l) 
real a(np,np),b(np,mp),x(14600,5),y(14600),xm(5),ym,xp(5,5) ,xyp(5) 

&,pred(lOOO) ,res,sq(np),x0(5),y0,sum,sy0,ym2,fv,fs,predmax,predmin 
&,xmax(5),xmin(5) ,pred2,predl,ymax,ymin,prx,prn,xmaxo(5) ,xmino(5) 

character*16 name 
character*16 fil 
character*18 filt 

predmax=-1000 
predmin=lOOO 
ymax=-1000 
ymin=lOOO 
n=np 
m=mp 
open(16,file='p2',status='unknown') 
open(ll,file='prediktorer.p' ,readonly) 
write(6,' (a)')' Ge filnamn pM-e prediktanden' 
read ( 5 , ' (a) ' ) name 
write(fil,' (a,a) ')name 
open(13,file=fil,status='unknown') 
write(6,' (a)')' Ge mM-enad(l-12), M-er(13), sM-dsong (14-17) el. halvM-er' 
read(5,*)im 
write(filt,' (al6,i2.2) ')fil,im 
open(l2,file=filt,status='unknown') 
write(6,*)' Ge 1 om logaritmering av prediktanden M-vnskas' 
read(5,*)logo 
write(6,*)' Ge 1 om inflating M-vnskas' 
read(5, *) infla 
if(infla.eq.l)then 

write(6,*)' Ge 1 om vM-drden under noll sM-dtts till noll' 
read(5,*)noll 

endif 
if(im.le.12)then 

monx(im) =1 
elseif(im.eq.13)then 

do i=l,12 
monx(i)=l 

enddo 
elseif(im.eq.14)then 

monx(l)=l 
monx(2)=1 
monx(12) =1 

elseif(im.eq.15)then 
monx(3)=1 
monx(4)=1 
monx(5)=1 

elseif(im.eq.16)then 
monx(6) =1 
monx(7)=1 
monx(8)=1 

elseif(im.eq.17)then 
monx(9)=1 
monx(lO) =1 
monx(ll)=l 

elseif(im.eq.18)then 
do i=l,3 

monx(i)=l 
enddo 
do i=l0,12 

monx(i)=l 
enddo 

elseif(im.eq.19)then 
do i=4,9 

monx(i)=l 
enddo 

endif 

i=l 
1 continue 

read(ll,*,end=2)anno,mon, (x(i,j) ,j=l,5) 
if(mon.eq.l)then 

read(13,*,end=2)kl,el,anno, (y(i+j-1) ,j=l,12) 

1 



if(el.eq.10l)then 
y(i)=y(i+im-1)/10.0 

else 
y(i)=y(i+im-1) 

endif 
endif 
if(y(i) .lt.-900)goto 1 
if(logo.eq.l)then 

if(y(i) .gt.0.05)then 
y(i)=alog(y(i)) 

else 
y(i)=-4.6 

endif 
endif 
do j=l,n 

if(x{i,j) ,lt.-900)goto 1 
enddo 
if(i.eq.l)annol=anno 
if.(monx(mon) .eq.l)then 

asp(i)=anno 
msp(i)=mon 
do j=l,n 

xm(j)=xm(j)+x(i,j) 
enddo 
ym=ym+y(i) 
ym2=ym2+y(i)**2 
i=i+l 

endif 
goto 1 

2 continue 
imax=i-1 
do j=l,n 

xm(j)=xm(j)/real(imax) 
enddo 
ym=ym/real(imax) 
ym2=(ym2-real(imax)*ym**2)/(real(imax)-1) 
write(l6,'(a)')' / 
write(16,' (a,a) ')' Filnamn: ',name 
write(16,' (a,i2) ')' MM-enad el. sM-dsong: ',im 
write (16, '(a)')' ' 
write(l6,' (a,i6) ')'Antal observationer: ',imax 
write(16,' (a)')' MedelvM-drden fM-vr prediktorer och prediktand' 
do j=l,n 

write(l6,' (a,i2,2x,f10.2) ')' Prediktor nr:' ,j,xm(j) 
enddo 
write(16,' (a,6x,f10.2) ')' Prediktand: ',ym 
if(logo.eq.l)then 

write(16,'(a,6x,f10.2)')' Ej loggad:',exp(ym) 
endif 
write(16,'(a)')' ' 
do i=l,imax 

do j=l,n 
do jj=l,n 

xp(j, jj) =xp(j, jj) + (x{i, j) -xm(j)) * (x(i, jj )-xm(jj)) 
enddo 
xyp (j) =xyp (j) + (x(i, j) -xm(j)) * (y(i) -ym) 

enddo 
enddo 
do i=l,n 

do j=l,n 
a ( i , j ) =xp ( i , j ) 

enddo 
b(i,l)=xyp(i) 

enddo 
call gaussj(a,n,np,b,m,mp) 
do i=l,imax 

pred(i)=O 
do j=l,n 

pred(i)=pred(i)+b(j,l)*(x(i,j)-xm(j)) 
enddo 
res=res+(y(i)-ym-pred(i))**2 
predl=predl+(pred(i)+ym) 
pred2=pred2+(pred(i)+ym)**2 

enddo 
predl=predl/real(imax) 
pred2=(pred2-real(imax)*pred1**2)/(real(imax)-1) 
do i=l,imax 

if(infla.eq.l)then 
pred(i)=pred(i)*sqrt(ym2/pred2) 
if(noll.eq.l)then 
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if((pred(i)+ym) .lt.0.0)pred(i)=-ym 
endif 

endif 
if(y(i) .gt.ymax)then 

ymax=y(i) 
ixo=i 
prx=pred ( i) 
do j=l,n 

:xmaxo(j)=x(i,j) 
enddo 

endif 
if(y(i) .lt.ymin)then 

ymin=y(i) 
prn=pred(i) 
ino=i 
do j=l,n 

:xmino(j)=x(i,j) 
enddo 

endif 
if(pred(i) .gt.predmax)then 

predmax=pred(i) 
ixx=i 
do j=l,n 

:xmax(j)=x(i,j) 
enddo 

endif 
if(pred(i) .lt.predmin)then 

predmin=pred(i) 
inn=i 
do j=l,n 

:xmin(j)=x(i,j) 
enddo 

endif 
if(logo.eq.l)then 

write(l2,' (lx, i4, lx, i2, 6 (lx, f8.2)) ')asp(i) ,rnsp(i) 
& , (x(i,j) ,j=l,4),exp((pred(i)+ym)),exp(y(i)) 

else 
write (12,' (lx, i4, lx, i2, 7 (lx, f8 .2)) ')asp (i) ,rnsp (i) 

& , (x (i, j), j=l, 4), (pred(i) +ym), y(i), y(i) I (pred (i) +ym) 
endif 

enddo 
if(res.gt.O.OOOOOl)then 

res=sqrt(res/(irnax-n-1)) 
else 

res=O.O 
endif 
write(l6,'(a)')' ' 
write(l6, '(a,fl0.4,2x,fl0.4) ')' Totalvarians resp. std: 

&,ym2,sqrt(yrn2) 
write(l6,' (a,fl0.4,2x,fl0.4) ')' Residualvarians resp. std: ' 

&, (res)**2,res 
write(l6,' (a,fl0.4,2x,fl0.4) ')' Predikt-std(orig), inflat.:' 

&,sqrt(pred2), (sqrt(yrn2/pred2)) 
fv=lOO*(ym2-res**2)/ym2 
fs=sqrt(fv/100.0) 
write(l6,' (a,fl0.4,2x,fl0.4) ')' FM-vrklarad varians, korr.ko:' 

&,fv,fs 
write(l6,'(a)')' ' 
write(l6,' (a)')' VM-drden pM-e koeff. resp. deras standardavvikelser' 
do j=l,n 

sq(j)=res*sqrt(a(j,j)) 
write(l6,' (lx,i2,2(lx,fl0.4) ,2x,f5.l) ')j,b(j,l) ,sq(j), 

& (b(j,l)/sq(j)) 
enddo 
write(l6,'(a)')' ' 
write(l6,' (a,f8.l,5(2x,f8.l)) ')' HM-vgsta reg.ber. vM-drde' 

&, (predmax+ym), (:xmax(j),j=l,n) 
write(l6,' (a,f8.l,a,2(2x,i4)) ')' Sarntidig observation ',y(ixx) 

&, ' Datum' ,asp(ixx) ,rnsp(ixx) 
write(l6,' (a,f8.l,5(2x,f8.l)) ')' LM-dgsta reg.ber. vM-drde' 

&, (predmin+ym), (:xmin(j),j=l,n) 
write(l6,' (a,f8.l,a,2(2x,i4)) ')' Sarntidig observation' ,y(inn) 

&, ' Datum' ,asp(inn) ,rnsp(inn) 
write(l6,'(a)')' ' 
write(l6,' (a,f8.l,a,2(2x,i4)) ')' HM-vgsta observ. vM-drde' 

&,y(ixo),' Datum' ,asp(ixo) ,rnsp(ixo) 
write(l6,' (a,f8.l,5(2x,f8.l)) ')' Sarntidig pred.v.+pred' 

&, (prx+ym), (:xmaxo(j),j=l,n) 
write(l6,' (a,f8.l,a,2(2x,i4)) ')' LM-dgsta observ. vM-drde' 

&,y(ino),' Datum' ,asp(ino),rnsp(ino) 
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write(16,' (a,f8.1,5(2x,f8.1)) ')' Samtidig pred.v.+pred' 
&, (prn+ym), (xrnino(j),j=l,n) 
write(16,'(a)')' ' 

3 continue 

c *** 

write(6,'(a)')' ' 
write(6,' (a)')' M-Vnskas prediktion, ge en etta' 
read(5,*)ips 
if(ips.eq.l)then 

write(6,' (a)')' Ge vM-drden fM-vr alla prediktorer' 
read(5,*) (xO(j),j=l,n) 
pred(l)=O 
do j=l,n 

pred(l)=pred(l)+b(j,l)*(xO(j)-xrn(j)) 
enddo 
yO=ym+pred(l) 
sum=O 
do i=l,n 

do j=l,n 
sum=sum+a(i,j)*(xO(i)-xrn(i))*(xO(j)-xrn(j)) 

enddo 
enddo 
syO=res*sqrt(l+l/real(imax)+sum) 
write(6,'(a)')' ' 
write(6,' (a)')' Predikterat vM-drde resp. dess standardavvikelse' 
write(6,' (2(lx,f10.4)) ')yO,syO 
goto 3 

endif 
end 

C *** Gauss-Jordan-elimination with full pivoting. 
C *** from 'Numerical recipes' Press,Flannery,Teukolsky,Vetterling 
c *** 

subroutine gaussj(a,n,np,b,m,mp) 
implicit none 
integer nmax 
parameter (nmax=12) 
integer n,np,m,mp,ipiv(nmax),indxr(nmax),indxc(nmax),i,j,k,1,11 

&,irow,icol 
real a(np,np),b(np,mp),big,dum,pivinv 
do j=l,n 

ipiv(j) =0 
enddo 
do i=l,n 

big=O 
do j=l,n 

if(ipiv(j) .ne.l)then 
do k=l,n 

if(ipiv(k) .eq.O)then 
if(abs(a(j,k)) .ge.big)then 

big=abs (a (j, k)) 
irow=j 
icol=k 

endif 
elseif(ipiv(k) .gt.l)then 

write(6,*)' Singular matrix' 
stop 

endif 
enddo 

endif 
enddo 
ipiv(icol)=ipiv(icol)+l 
if{irow.ne.icol)then 

do l=l,n 
dum=a(irow,l) 
a(irow,l)=a(icol,l) 
a(icol,l)=dum 

enddo 
do 1=1,m 

dum=b ( irow, 1) 
b(irow,l)=b(icol,l) 
b(icol,l)=dum 

enddo 
endif 
indxr(i)=irow 
indxc(i)=icol 
if(a(icol,icol) .eq.O)then 

write(6,*)' Singular matrix' 
stop 

endif 
pivinv=l./a(icol,icol) 

4 



a(icol,icol)=l 
do l=l,n 

a(icol,l)=a(icol,l)*pivinv 
enddo 
do l=l,m 

b(icol,l)=b(icol,l)*pivinv 
enddo 
do 11=1,n 

if(ll.ne.icol)then 
dum=a(ll,icol) 
a(ll,icol)=O 
do l=l,n 

a (11, 1) =a (11, 1) -a (icol, 1) *dum 
enddo 
do 1=1,m 

b(ll,l)=b(ll,1)-b(icol,l)*dum 
end do 

endif 
enddo 

enddo 
do l=n,1,-1 

if(indxr(l) .ne.indxc(l))then 
do k=l,n 

dum=a (k, indxr (1)) 
a(k,indxr(l})=a(k,indxc(l)) 
a(k,indxc(l))=dum 

enddo 
endif 

enddo 
return 
end 
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