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Foreword 

Attitude to the water problem is changing. A number 
of products,which hydrologists found to be suitable 
in connection with water resources planning for many 
years,have exhausted their usefulness, others have 
come to replace them. We shall show our opinion about 
what hydrological information can be given in future, 
information which toa high degree is based on hydro­
logical models of different types. This will give a 
back-ground to the application of the methodology pre­
sented in this report. 

Need of hydrological information 

The point of departure for all types of hydrological 
information are hydrological, climatological and 
ground water observation networks. 

Processing and presentation of the information we 
get from these networks should be adapted to the way 
this information is going to be used. 

A suitable division can be: 

A. Comprehensive hydrological information, covering 
the whole country 

B. Hydrological information at a regional level 

C. Detailed hydrological information 

The aim with the comprehensive information is first 
of all to identify the areas with similar conditions, 
both favourable and unfavourable . Here it is important 
that the presentation should be done in such a way 
that the comprehensive information easily can be com­
bined with other general information. 

Suitable computational element is the one applied by 
the FRP (Physical National Planning) data bank, - the 
economic map sheet (squares 5x5 km). The following 
hydrological and climatological parameters are neces­
sary fora comprehensive evaluation of water resources 
supply and management: 

1) precipitation 
2) potential evaporation 
3) calculated actual evaporation 
4) runoff formation 
5) ground water formation 
6) flood risks 

Any other type of information is obtained through 
multiprogramming with other data registers. 
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The management aspect is an important one at a 
regional level. The point is to suitably utilize and 
maintain-the-water resources within a region. Infor­
mation should be related to actual points on rivers 
and lakes . 

The element forming the basis of calculations, should 
necessarily be a catchment and nota more general 
unit, e g 5x5 km squares (the economic map) or admi­
nistrative units. A suitable size fora catchment as 
a computational element is 50-200 km 2 • Information 
necessary for water management planning at a regional 
level is the magnitude of different water balance ele­
ments; runoff, soil and ground water storage, preci­
pitation and evaporation for each unit. 

Qe!ail~d_hyd~o!ogi~a! info~m~tio~, finally, is for 
Er~d~c!i~n~p~eEa~i~g_p!a~nin~ as a rule directly con ­
nected with a specific problem of design . The infor­
mation that is necessary here is of different types : 
complete historie observation series of runoff, fre ­
quency of extreme events, particulars of precipita­
tion, evaporation etc. 

When discussing the need of hydrological information, 
we should further take into consideration two situa­
tions : an isolated planning situation and an opera­
tive situation . In the latter case quick reporting 
is desired partly in order to be able to describe 
the current conditions and also to give the basis 
fora forecast . Systems for quick reporting have been 
implemented for the weather service. There isa need 
of similar operative systems for hydrological infor­
mation, both for information at a regional level and 
as detailed information for special water objectives . 
In some regions this demand appears only under cri­
tical conditions (flooding, drought) . In others, on 
the contrary, with a more complex water utilization 
there can be a permanent need to know the current 
situation within a region together with a comple­
mentary forecast . 

The planning situation also sets special requirements 
for information . In order to plan water management 
one should at the same time know water supply in a 
number of points within a region . In order to treat 
extreme situations in a correct way it is further 
necessary to work with complete observed or calcu­
lated runoff series . 

Hydrologic observation network 

SMHI's hydrological discharge observation network 
to-day comprises 328 stations, which corresponds to 
a station density of 1 station per 1400 km 2 • The 
level of the hydrological bureau's ambitions is to 
increase the number to 640 (1 station per 700 km 2 ) . 
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SMHI's climatological observation network gives im­
portant supplementary information for evaluation of 
water balance elements. This network was built up 
first of all for weather forecast purposes . In order 
to answer hydrological needs a denser network is re­
quired in space while time interval period as a rule 
can be shorted. 

Hydrological models 

Every formula or relationship, simple or complicated, 
which describes hydrological phenomena can be called 
a hydrological model. 

There is no universal hydrological model which can be 
used in all situations . A strictly adjusted model is 
required for each field of application . Hydrological 
models can be built according to two different prin­
ciples . The first is to apply only a statistical 
methodology toa given observation material . The other 
is to construct a model on the basis of physical rela­
tions. The best results are obtained as a rule by com­
bination of these two principles. 

In the ~o~p~e~e~siv~ ~aEpin~ the hydrological model's 
function is first of all to transmit information from 
observation points to the computational element 
(5x5 km squares) . Hydrological and climatological 
phenomena are dependent on natural geographical con­
ditions and these must be the point of departure for 
the model in this case. Statistical methods (regres­
sion analyses) are used in order to select the na­
tural geographical conditions that have a significant 
effect. A water balance equation in its simplest form 
is used in order to give consistency among the various 
water balance elements. 

The model assumes that the natural geographical con­
ditions are known and that calculations can be done 
automatically by a computer. The National Land Survey 
of Sweden has today a certain digital map information, 
which we utilized. In future such information can be 
expected to increase in volume. 

In order to give abasis for water management within 
a region a hydrological model should on one hand de­
liver information from the observation network and 
on the other give a possibility of estimation of the 
consequences (from the water balance point of view) 
af-alternative utilizations. The consequences are 
evaluated from the standpoint of risks taking when 
choosing a certain alternative and its economy. In a 
planning situation one can choose to analyse a small 
number of realistic alternatives as abasis fora 
decision making or carry out a complete optimization 
considering all possible alternatives. 
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The principles for constructing a model are the same 
as for the comprehensive mapping. The differences are 
in the fact that the water balance equation should ob­
tain somewhat more complicated forms and that calcu­
lations cannot be done element by element. They must 
be carried out simultaneously fora whole river basin 
in order to give consistency within it. 

Many different types of information are gathered under 
the heading detailed information. A classic example 
is so-called design discharges, which are data forming 
the basis for the majority of hydrological design now­
adays. These are calculated with the help of statisti­
cal relationships . 

Under this heading we consider the models, used for 
discharge forecasts. The forecasts can today be made 
for points on the rivers where observation series of 
a certain length are available. The models are based 
on a generalized picture of the hydrological cycle. 
The determination of parameters is carried out with 
statistical methods. 

A third type of models that we should like to mention 
here is flow models for rivers and channels. In this 
case it Is-a-questlon of completely physical models . 
All values should be measured in the field . These 
models are first of all used for estimation of flood­
risks zones. 

The requirements for hydrological information,which 
have been sketched above,should be based on a well 
constructed observation network and on an effective 
utilization of hydrological models. The use of hydro­
logical models cannot, of course, replace direct ob­
servations. 

Each hydrological value calculated fora point with 
the help of a hydrological model involves uncertain­
ty. With the increase of input data the uncertainty 
in the estimations can be expected to decrease. It is 
naturally least demanding of resources to have a re­
latively sparse observation network and utilize hydro­
logical models toa high degree. 

However, one should further consider the losses a 
community suffers through a greater uncertainty in the 
basis of water planning problems. It isa fact that 
today there is no basis for decision making what is 
an optimum balance among the density of the station 
observation network, use of hydrological models and 
acceptable accuracy in hydrological information. A 
concentration on hydrological models requires per­
haps the least resources to satisfy many of the 
needs that exist. 
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Introduction 

A map isa two-dimensional representation of an area. 
The map isa method for the reduction of very large­
scale spatial relationships so that they can be easi ­
ly perceived. Most maps are estimates of continuous 
functions, ba s ed on discrete observations at control 
points . One can use two approaches : contour maps (iso­
lines) and cartograms (sampling cells) . Contour lines 
can be produced in a variety of ways, ranging from sub ­
jective interpolation from the nearest observations by 
eye to estimates derived from numerical interpolation 
of all observations . Sampling cells for cartograms can 
be cartographic nets, administrative units, river 
basins , physiographic regions etc . Characteristics 
for each cell are derived by integrating or averaging 
over the cell and displayed by giving colours or 
shades to it . 

~a!e~ Qa!a~c~ ~aEs 

Water balance maps areas a rule based on the contour 
line principle . Isolines are drawn by hand with a sub ­
jective interpolation between the nearest observation 
stations . Corrections are made so that maps of dif­
ferent water balanc e elements are consistent i e that 
the water balance equation is satisfied. It is, of 
course, very difficult to use automatic methods for 
interpolation based purely on the observational data . 
Water bal a nce elements are highly dependent on physio ­
graphic factors of a landscape. For climatic elements 
like precipitation and potential evaporation with a 
relatively dense observation network automatic methods 
such as tre nd surfaces, double Fourier series and Krig ­
ing give s a tisfactory results . Runoff isa more diffi ­
cult element as it is derived as an integrated value for 
an area . This means that theoretically runoff cannot 
be displayed on a place if not the area is fixed . 
When using automatic methods for interpolation of 
each water balance element we still have the problem 
o f consiste ncy, to satisfy the water balance equation . 
It is too s i mple to avoid independent measurements 
of one of the ele ments (usually evaporation) so that 
this can be de ri ved as the difference when the other 
are summed up . 

Qa!aQa~k_f~r_n~tio~wid~ Ehysic~l_p!a~nin~ 

Within the framework of National Physical Planning 
lots of comprehensive data on the properties and use 
of national resources are collected. The analysis 
of such data on a national base demands a treatment 
that adapts the concepts and sampling units of Natio ­
nal Physical Planning. One difficulty is that öfficial 
statistics is attache d to the sampling units, which 
as a rule a re administrative . The National Land Sur­
vey of Swede n has de ve loped methods and systems for 
a joint treatment and analysis of physical data. 
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The system is based on location coordinates and the 
information is referred to squares of different sizes. 
(Lantmäteriet, 1979) . At present squares 5x5 km are 
taken as abasis. The aims o f the system are : 

- to give a joint and comparable description of cer­
tain areas i e counties, municipalities, geographical 
regions, river basins 

- to show the tendencies in the development of natural 
resources and their use 

- to illustrate and explain the connections between 
different factors 

- to reveal critical areas with certain properties or 
combination of properties , i e places in the country 
with natural properties favourable fora certain 
exploitation 

- to permit absolute and relative comparison between 
different areas or between an area and the national 
average . 

The system is adapted to computer which allows dif­
ferent types of combinations and treatments of facts 
in the form of tables and in the form of automatical­
ly produced thematic maps . 

Databank for water balance 

In this report principles and methods for the deve ­
lopment of a data bank for water balance eleme~ts · ~ ­
based on a square grid technique are presented. The 
approach described avoids some of the existing draw ­
backs of water balance mapping and further allows 
automatic productions of such maps with the help of 
hydrological models . A data bank for water balance 
based on a square grid also corresponds to other at­
tempts to set up data banks for properties and use 
of national resources in Sweden. 

The project to develop the methodology has been car­
ried out under the title "Spatia l variation of hydro­
logy and physiography" and was financially supported 
by the Swedish Natural Science Research Council (NFR). 
Two preliminary reports were published : I Krasovskaia 
(1978) and Gottschalk and Krasovskaia (1979). This 
is the final report on the project, where the essence 
of the two latter reports is reviewed and the metho­
dology is completed and improved. 

Water balance is highly dependent on physiography. 
Automatic interpolation must consider this fact and 
that is why the basic data includes meteorological, 
hydrological and also physiogra hic data. In fig 1 . 1 
a flow chart shows the processing and transfer of 
basic data up to the final product ~ water balance 
for square grids. 
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The same ideas in a more genera l formare illustrated 
in fig 1 . 2 , where the elements of a data bank for 
Water Survey, Environment Canada (Solomon and Quer­
eshi, 1972) are shown . The elements there are: 

- The space-time reference system 

- Data storage including data screening 

- Data processing 

- Information transfer techniques 

- Information retrieval 

The geo- hydrological reference system in this data 
bank consists of a square grid system corresponding 
to the UTM (Universal Transverse Mercator) . The grid 
interval is uniform 10x10 km in northern and western 
Canada and 5x5 km in Ontario. 

In this report we s hall start with a description of 
the area chosen for the study . In the following basic 
data, data processing, information transfer toa 
square grid, retrieval of information and automatic 
production of maps are subjects that are developed 
and described in accordance with the flow charts, 
shown in figs 1.1 and 1.2. 
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bank (from Solomon and Querheri, 1972) 
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Geographical description of the test region 

The region discussed in this study has been chosen 
rather voluntary. The only criterion was that the amount 
of input data enabled reliable conclusions. The region, 
thus , should be of a certain size to assure this. 

The chosen region (fig 2 . 1 ) is covered by the topo­
graphic map , scale 1 : 50 000 (25 sheets), 0ccupying 
a territory of approximately 12 100 km 2 • It stretches 
from Söderköping-Motala in the south to Arboga-Eskils­
tuna in the north from Bråviken in the east to Vättern 
in the west . 

Fig . 2 . 1 . The test area 





The region covers approximately Hjälmaren's water­
shed and partly Vättern-Motala-ström's watershed. 
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The territory studied is subdivided into 4 physio­
graphical regions, two of them, however, inc lude only 
a boundary area (Physiographic regionalization of the 
Nordic countries, 1977). 

The southern part corresponds roughly to the subregion 
"Östgötaslätten" in the region of "Central plains of 
Götaland". Plain isa dominant relief form and large 
areas in the region are cultivated. Fine grained sedi­
ments and moraine clays are widespread and brown soil 
isa dominant soil type . Natural vegetation is re­
presented bya mixed and coniferous (mainly pine-tree) 
forest with spots of leaf forest (mainly oak) and mea­
dows. 

The central part of the territory corresponds to the 
region "Woodlands of Northern Götaland" . The relief is 
of a fissure-valley type though with milder forms 
than more to the north. Moraine combined with exposed 
bedrocks are dominant. The brown soils are thinner and 
alternate with the podzols. Natural vegetation is re­
pre sented by coniferous forest with spots of leaf 
forest (oak, asp). Bogs and swamps are widespread 
though une venly distributed. 

The northern part of the territory belongs to two re­
gions "The fissure val ley landscape of eastern Svea­
land" in the east and "Woodlands south of "limes norr­
landicus" in the west. The first one is characterized 
by rather sharp relief forms - with valleys with clay 
material. 
The role of exposed bedrocks is well pronounced in 
the landscape . Moraine is another cornrnon soi l type . 
Vegetation is mainly represented by coniferous forests 
on the podzols with introduction of birch-forests. 
Smal l though numerous, swamps and bogs are concentrated 
to forest areas. In the second region the relief ac­
quires plain forms and clay materials possess a signi­
ficant role in the landscape. Natural vegetation is 
dominated by coniferous forest. Swamps and bogs, some­
times of a relatively big size, are common. 
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Reference system 

The reference system used in this study isa square 
grid system which consists of a matrix of squares 
covering the area investigated and corresponding to 
the UTM reference system. The grid interval used is 
uniform 10x10 km squares (fig 3.1) . The index number 
of the row and column of the square which is uniquely 
related to the UTM identification system provides 
the required information for the location of each 
square . 

The Land Survey of Sweden uses the RAK* reference 
system instead of UTM anda square grid of 5x5 km 2 • 

No principal differences o f a methodological character 
arise from the fact that we use UTM instead of RAK. 
When the methodology developed here is applied in a 
larger scale for parts or the whole of Sweden the RAK 
reference system should be used to allow compatibility 
with other data banks . The size of the grid net must 
be chosen to give acceptable accuracy in the derived 
physiographic data . This is why squares 10x10 km 2 have 
been chosen instead of SxS km squares . For equal iden­
tification systems one can easily sum up four SxS km 2 

squares to derive a 10x10 km 2 square. 

* Gauss' conform projection on the Bessel ellipsoid 
with mean meridian equal to 15°48 1 29 " 8 . 
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Fig 3.1 The reference 10x10 km grid net used. 
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