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02.13 Surface Runoff, Percolation, and 
Total Runoff from Precipitation (Edition 
1999) 
Overview 
Water management and water resource operation oriented to sustainability require precise knowledge 
about surface runoff, percolation, and groundwater recharge. The Berlin area has limited water 
resources and balancing the water economy is thus of particular importance. The size of water resources 
is in disparity to the number of inhabitants, their drinking and potable water needs (non-drinking uses), 
as well as the amounts of waste water produced. 

It is important for the protection of 

• bodies of water to be able to estimate the amounts of overland flow (surface runoff) that will be 
discharged into bodies of water (surface waters). Considerable loads of pollutants are transported 
by overland flow into bodies of water. 

• groundwater to know the percolation capabilities of soils. The transport of materials out of 
contaminated soils occurs mainly through percolation. 

• nature and the care of the landscape to be able to estimate the amount of water available to 
vegetation from groundwater recharge and from the capillary rise of water from groundwater. 

Water introduced to an area by precipitation is classified into water supply parameters according to 
climatological conditions and other properties of the area. These water balance parameters include 
evaporation, overland flow (surface runoff), underground (subsurface) flow (percolation and 
groundwater recharge), and water supply modification. The first parameter to be determined is total 
runoff, as the sum of surface and subsurface flow. 

The general water balance equation states that total runoff is equal to precipitation minus real 
evaporation. Evaporation is the critical parameter in this calculation. It is influenced under natural 
conditions primarily by vegetation, climate, and soil. 

Real evaporation in an urban area is strongly modified compared to surrounding areas. Construction 
and sealing in the city clearly reduce evaporation compared to vegetation areas. Plants transpire through 
their leaves continuously, but the only evaporation from constructions and sealed surfaces comes from 
the slight amounts of water clinging to them after rainfall. Total runoff in urban areas is greater than in 
areas of strong vegetation. 
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Fig. 1: Water Balance of Vegetation Areas and Sealed Areas 

Total runoff best characterizes the hydrological conditions of area segments and catchment areas. The 
water supplies of closed catchment areas correspond to the sum of all area segment, total surface, 
and subsurface runoffs. 

Depending on the degree of connection with the sewage system, urban areas with sealed surfaces 
discharge part of total runoff either directly to bodies of water, or indirectly by way of waste water 
treatment works. The remaining runoff infiltrates and percolates at the edge of sealed surfaces, or within 
partially sealed surfaces, into deeper soil layers below the zone influenced by evaporation, and 
eventually enters groundwater. Percolation and groundwater recharge for these areas can be derived 
from runoff formation minus rainwater diversion, given knowledge of the extent of the rainwater drainage 
system. 

Statistical Base 
The data bases for the calculation of runoff parameters were taken from the Berlin Environmental 
Information System (EIS), specifically from the 25,000 individual areas of the EIS spacial reference 
system. Only a few parameters were determined especially for this project. Most data bases came from 
long-term work for the Environmental Atlas and the EIS, and they were available for diverse evaluations 
and calculations. 

Land use data are based on the evaluation of aerial photography, district land use maps, and other 
documents used by the Environmental Atlas (cf. Map 06.01, SenStadtUm 1995a, 1996c, and Map 06.02, 
SenStadtUm 1995b, 1996d). About 30 use types were differentiated, and they reflect the use situation 
in 1990, except for a few later entries. 

The long-term precipitation means from 1961 to 1990, including the yearly mean and the May-to-
October summer half-year mean, were calculated from measurements made by 97 monitoring stations 
maintained by the FU - Free University of Berlin and the German Weather Service (Deutscher 
Wetterdienst) (cf. Map 04.08, SenStadtUm 1994, 1996b). Data from this model were calculated for the 
midpoint coordinates of the block segments. 

Potential evaporation used the longterm means of the 10% increased TURC-evaporation. This was 
calculated from observations made by climate stations in the Berlin area. Districts in the urban area 
were allocated 610 to 630 mm/a; and for the summer half-year they were allocated 495 to 505 mm. 

Degree of sealing was determined by evaluating aerial and satellite photography, a map of Berlin at 
1 : 4/5,000, and the urban planning data file for each block segment. Streets were not initially included 
(cf. Map 01.02, SenStadtUm 1993, 1996a). The data file differentiates between built-up sealed 
surfaces (including roofs) and non-built-up sealed surfaces (parking lots, pathways, etc.). The type 
of sealing material is an important initial parameter for non-built-up sealed surfaces. Surface sealing 
types are differentiated into four classes (cf. Tab. 2). These classes were determined at test areas in 



3 

terrain for specific individual building structure types; they were then referenced for all block segments 
of the same building structure type. The surface sealing classification for individual area segments in 
aerial photography sometimes deviated from general values. 

Statements on the degree of sealing of streets were taken from Berlin Building Administration statistics 
on streets and covering materials. Used sealing types were included into the sealing classes mentioned 
above. These statistics were only available for boroughs; the degree of sealing and sealing type were 
given a general value for all areas of each Berlin borough. 

Soil science data on useful field capacity of the soil zone (shallow root zone from 0-30 cm, and deeper 
root zone from 0-150 cm) were derived from the Berlin Soil Associations Map (cf. Map 01.01, 
SenStadtUmTech 1998a, 1997) by an expert opinion of Dr. Aey (Aey 1993). 

Depth to groundwater from the surface was initially developed in a model of terrain elevations based 
on digitalizing and interpolating about 85,000 individual data on terrain heights (cf. Map 01.08, 
SenStadtUmTech 1998a). Parallel to that, a model of depth of groundwater from the surface was 
constructed from values given by observation wells of the State Groundwater Service in May 1995. The 
depth to groundwater data used for calculating runoffs were themselves calculated from the difference 
model from the Terrain Elevations Model and the groundwater depth model (cf. Map 02.07, 
SenStadtUmTech 1998b, 1998d). These data were calculated for the midpoint coordinates of the block 
segments. 

Area sizes were used to calculate flow volumes. The area size of block segments (without streets) is 
available in the EIS. Additionally, the estimated area of streets was given in relation to individual block 
segments. To that, existing statements on street area size at the level of statistical areas were 
transposed area-weighted into area segments. 

Statements on the sewage system were taken from the map, ”Disposal of Rain and Sewage Water” 
(cf. Map 02.09, SenStadtUmTech 1992), which has been transposed into digital form recently. The 
criteria was the existence of rainwater drainage in the adjoining street. The statement is thus initially 
independent on the actual diversion of rainwater. It can only be read from the map if the block is 
registered at all with the sewage system. The map was worked out at the beginning of the 90´s. 
Individual changes and extensions have mainly to do with areas that do not discharge their water 
through water works networks. These changes and extensions are based on the knowledge and 
experience of Environmental Department employees. It can be assumed that some highly sealed areas 
(mostly industrial and commercial areas) discharge their rainwater by way of private pipelines or the 
public network, but no information about this exists. 

The map does not indicate to what degree water on built-up or sealed areas is actually diverted. Special 
studies were required for this. The starting point was the consideration that the actual degree of 
connection to the sewage system depends greatly on the age and structure of construction. There is 
an all-area Map of Building Structures (cf. Map 06.07, SenStadtUm 1995c, 1996e). Of the roughly 
11,000 blocks connected to the sewage system, 400 were chosen, and an estimate was made on-site 
of the actual degree of connection to the sewage system, e.g. the effective amount of sealed areas with 
runoff. The actual degree of connection to the sewage system was differentiated according to built-up 
sealed areas, non-built-up sealed areas, and streets. General values from this survey were derived for 
individual building structure types and allocated to the blocks. The data were determined in the course 
of a thesis for university (Bach 1997). The results are summarized in Tab. 1. Deviating from this, the 
actual degree of connection of streets was allocated according to Berlin boroughs. 
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Methodology 
A model for the most important parameters of water management has been developed, programmed 
and applied in recent years. This model was developed in cooperation with the Federal Institute of 
Hydrology (Bundesanstalt für Gewässerkunde). The approximately 25 basic data and initial parameters 
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required for each of the 25,000 areas were furnished by the Environmental Information System EIS. 

The runoff formation model ABIMO developed by Glugla originated on the basis of models developed 
since the 70´s for the calculation of groundwater supplies. This model was extended with components 
that consider the special situation in urban areas. This extension was made through expert opinions 
from the Institute for Ecology (Soil Science) of the TU -Technical University of Berlin, and it was 
supported by a thesis in geography at the FU - Free University of Berlin. A computer realisation 
performed by an external software office fitted it to the special data situation in Berlin. 

The calculation procedure initially determined actual evaporation in order to calculate total runoff 
(precipitation minus evaporation). A second step determined surface runoff as part of total runoff. The 
difference between total runoff and surface runoff gives percolation. Fig. 2 gives an impression of the 
complexity of the procedure. 
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yearly average values (mm/a)  

 precipitation (1 m above the ground) 

 precipitation (1 m above the ground) 

 capillary rise from ground water near surface 

 potential evaporation  

 real evapotranspiration of vegetation covered land areas 

 percolation above bodies of water 

 real evaporation of sealed areas and areas without vegetation  
(and of surfacial water areas) 

 amount of irrigation water 

 

depletion from ground and surface water 

 total runoff (sealed area) 

 total runoff (unsealed area) 

 rainwater and/or meltwater runoff of a sealed area into a sewer system (receiving stream) 

 infiltration into the soil (below the zone influenced by percolation) 

sealed areas (in %)  
BAU roof area 

VGU yard and parking area (non-built-up sealed area) 

VER_STR streets 
BLK 1, ..., 4 sealing class of non-built-up sealed area 
KAN percentage of sealed areas connected to the rainwater drainage system 
land use of unsealed areas  
L agricultural land use (incl. pastures) 

W forest land use (assumption of an even distribution of inventories in respect of age) 

K horticultural land use (program intern: BER = 75 mm/a) 

D area without vegetation 

G area of surface water 

soil type  
NFK useable field-moisture capacity (volume moistness (Vol%) of field-moisture capacity minus 

Vol% of permanent wilt point) 
S, U, L, T indication to soil type (sands, silts, clays; 
N, H lower moor, upper moor) for the determination of capillary rise 
depth to ground water and capillary rise  
TG depth to ground water (value FLW in m) for the determination of KR 
TA height of rise (m), TA = TG - TW 
TW mean effective root depth (m) 

Fig. 2: Flow Diagram of the ABIMO Model (from Bach 1997, modified) 

Total runoff is calculated from the difference between long-term annual mean precipitation and real 
evaporation. Real evaporation, as it actually occurs in means at specific locations and areas, is 
calculated from the most important influence parameters of precipitation and potential evaporation, as 
well as the mean storage characteristics of the evaporative areas. With sufficient introduction of moisture 
to the evaporative zone, real evaporation approaches potential. Real evaporation is additionally modified 
by the storage properties of the evaporative zones. High storage capacity (such as greater binding 
quality of soil and greater rooting depth) causes greater evaporation. 
The demonstrated connection between long-term mean values of real evaporation, on the one hand, 
and precipitation, potential evaporation, and evaporative effectivity of the location, on the other hand, 
satisfies the relation according to Bagrov (cf. Gluga et al. 1971, Gluga et al. 1976, Bamberg et al. 1981, 
and Fig. 3). The Bagrov relation is based on the evaluation of long-term lysimeter studies. It describes 
the non-linear relation between precipitation and evaporation in dependence on local properties. With 
knowledge of the climate parameters precipitation P, and potential evaporation EP (the quotient of 
P/EP), and the effectivity parameter n, the Bagrov relation can determine the quotient real evaporation 
/ potential evaporation (ER/EP), and thus the real evaporation ER for locations and regions without 
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groundwater influence. The Bagrov procedure is also used in modified form for the calculation of 
groundwater-influenced evaporation by allocating the mean capillary water inflow from groundwater to 
precipitation. 

 

 

Fig. 3: Portrayal of the Bagrov Equation for Selected Values of the Parameters n and the Dependency 
of these Parameters on Land Use and Soil Type (after Glugla et al. 1995) 

With increasing precipitation P, real evaporation ER approaches potential evaporation EP, e.g. the 
quotient ER/EP approaches a value of 1. With decreasing precipitation P, (P/EP approaches a value of 
0), real evaporation ER approaches precipitation P. The intensity with which these frame conditions are 
achieved, is modified by the storage properties of the evaporative zone (effectivity parameter n). 

Storage properties of a location are particularly influenced by the type of land use (increasing storage 
effectivity in the order of: sealed surfaces, soils without vegetation, agricultural, horticultural, and forest 
use) as well as soil type (increased storage effectivity with greater binding capacity of the soil). 

A measure for the storage effectivity of unsealed surfaces is usable field-moisture capacity. It is 
defined as the difference between the moisture values of the soil for field capacity (water begins to 
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infiltrate the soil) and for the wilting point (permanent damage to plants). Other land use factors modify 
the parameter value n. These factors include yield per hectare, and tree type and age. The parameter 
n is quantified by the evaluation of observations of numerous domestic and foreign lysimeter stations, 
and from water management studies in river catchment areas. 

Locations and regions with near-surface groundwater have increased evaporation in comparison with 
conditions uninfluenced by groundwater. This is due to the capillary rise of groundwater into the 
evaporative soil zone, influenced by groundwater depth and soil properties. The formation of surface 
runoff flow is reduced. If real evaporation exceeds precipitation, there is water depletion. Values for 
surface runoff become negative, such as in river and lake lowlands. 

Bodies of water show increased potential evaporation, in comparison to land areas. This is due to 
greater heat (lower reflective capacity for incoming radiation). Actual evaporation from bodies of water 
was equated with this increased potential evaporation, as an approach. 

Percolation at specific points, such as at groundwater recharge plants of the water works, was not 
considered. Horticultural land uses (allotment gardens) were given a set value and added to 
precipitation, in order to give an approximate value for plant watering. 

Mean total surface flow was calculated as the difference between precipitation and real evaporation. A 
second step then determined surface runoff. Surface runoff corresponds to total runoff for roof areas 
that discharge into the sewage system. Areas not connected to the sewage system do not produce 
overland flow. Non-built-up sealed surfaces infiltrate some of the discharge flow into the ground, 
depending on the type of covering material (surface sealing type). This infiltration factor depends on the 
type, size, and age of the joints. Depending on the degree of connection to the sewage system, surface 
flow which does not infiltrate is discharged as surface runoff by way of the sewage system, or infiltrates 
at the edge of the sealed surfaces. This is also true for roof areas not connected to the sewage system 
(cf. Tab. 1). The difference between total runoff and surface runoff thus corresponds to percolation as 
a parameter for groundwater recharge. 

The application of this procedure for urban regions requires the determination of the parameters n and 
the infiltration factors of various sealing materials. Evaluations were made of lysimeter studies on various 
sealing materials, and of calculations for loss from wetting (cf. Wessolek/Facklam 1997). Selected 
dimensions for these parameters are listed in Tab. 2. Changes in these parameters related to the aging 
process, the thickening and the muddying of the joints were also considered. Insufficient basic scientific 
data cause the statements to contain some uncertainties. Beyond that, a different classification of 
sealing types into sealing classes would be desireable for hydrological questions. 

 

The calculations provided long-term mean values for total runoff, surface runoff, and percolation for 
25,000 individual areas. The values were classified into mm/a and are depicted in this map. Total 
amounts in m³/a were also calculated and balanced. It must be taken into consideration that the depicted 
values are mean values for blocks depicted as uniform surfaces; but in reality blocks are not 
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homogeneous structures. Flows of sealed and unsealed surfaces are given here as average values per 
block. Also, runoff from streets was allocated to the adjacent blocks. It cannot, for example, be seen in 
the map how much percolation takes place in a square meter of unsealed soil. Special evaluations, both 
all-area and block-related, had been made in the framework of the Environmental Information System. 

Map Description 
Map 02.13.3 Total Runoff was only published in the digital edition of the Environmental Atlas. It shows 
total runoff values in the range of 350-450 mm/a for the highly sealed inner city area (S-Bahn-Ring - City 
Rail Circle). There were higher values for extremely high sealed areas in the city center and for some 
industrial areas. Only about 150 mm/a evaporates here, related to precipitation observations (measured 
in 1 m above the ground) that are about 10 - 15% under the precipitation measured at the soil surface. 
Loosely built-up outer districts show runoffs of 250-300 mm/a. Berlin had values of only about 150 mm/a. 
Compared to the runoffs of unsealed outer areas and surrounding areas, Berlin can be viewed as an 
island of strongly increased runoffs. The reduction of evaporation by sealing and lack of vegetation lead 
to runoffs 2 or 3 times greater than would occur under natural conditions. 

Groundwater depletion, the negative values of runoff formation, only appear in a few regions of low 
precipitation and lesser depths to groundwater, for vegetation evaporates more water from groundwater 
than can be conducted to groundwater by precipitation. 

The 02.13.1 Map Surface Runoff shows that about 250 mm/a is discharged to the sewage system in 
inner city areas connected to the sewage system. Peak values are above 350 mm/a. Outer areas in 
regions connected to the sewage system have about 100 mm/a. 

The 02.13.2 Map of Percolation gives an initially surprising picture. It shows that about 120 mm/a 
percolates in the inner city. This is almost as much as in forests. Clearly higher percolation rates of 200 
mm/a are shown in the loosely built-up settlements of outer districts. Regions with a low degree of 
connection to the sewage system have higher rates of about 300 mm/a. Settlements not connected to 
the sewage system show percolation of total runoff of about 300-350 mm/a, with maximum values over 
400 mm/a. 

It may be determined that: 

• reduced permeability caused by high degrees of sealing in the inner city is compensated for by 
infiltration of precipitation. Inner city percolation rates are higher than initially assumed and almost 
correspond to "natural" conditions. 

• the amount of sealing is a secondary factor for percolation. The primary factor is determined by 
the actual degree of connection to the sewage system. The type of sealing material, i.e. the 
different infiltration capacities of various sealing types is also an important factor. 

• the reduction of evaporation caused by sealed surfaces in loosely built-up areas having low 
degrees of connection to the sewage system give these areas the highest percolation; about 
double that of "natural" percolation. 

The glacial valley watercourse is marked by permeable sands overlaying groundwater. Percolation to 
groundwater is direct and complete. Percolation corresponds to groundwater recharge. The ground 
moraine flat uplands in the Barnim and Teltow areas however, are overlaid with clayey layers of low 
permeability; these are usually over confined groundwater. The deeply-cut flows here are mainly fed by 
confined groundwater and/or by way of sandy and thus permeable layers in the ground moraine. Only 
the (calculated) percolation not discharged through receiving streams could be seen as true feeding of 
the main water aquifer under the ground moraine. This water reaches the glacial valley watercourse as 
underground flow. The division is dependent on the specific hydrogeological conditions. A comparison 
of measured and calculated flows shows, for example, that in the catchment area of the Neuenhagen 
Mühlenfließ about 35 % of calculated percolation discharges underground into the glacial valley 
watercourse. The Tegeler Fließ discharges to the surface almost all runoff formed by the percolation of 
its catchment area. 

Evaporation of bodies of water not depicted in the map are about 160 mm/a greater than precipitation. 
Evaporation removes a total of about 9 million cubic meters of water a year from bodies of water in 
Berlin. 

There is no information to indicate if some highly sealed areas discharge precipitation by way of the 
sewage system. This is the reason that total runoff in these areas is given as percolation in the map. 
The degree of sealing and the size of runoff make it seem improbable in some cases that the water 
actually percolates. It would seem that surface runoff tends to be underestimated and percolation to be 
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overestimated.  

The aid of area parameters of the reference areas enabled runoff volumes to be calculated and 
balanced (cf. Tab. 3). 

 

Calculations show that about 60 % of precipitation evaporates, leaving about 200 million m³/a available 
as total runoff. Three-quarters of this percolate into the ground; one-quarter is diverted by the sewage 
system. The combined sewage system (waste water and rainwater) only takes up about one-quarter of 
the total area connected to the sewage system, but more than one-third of surface runoff is formed in it. 
If one compares the percolation of 150 million m³ (which does not entirely reach groundwater) with the 
drinking water use of about 250 million m³/a, then there is clearly a considerable deficit. This deficit is 
compensated for by surface flows such as the Spree and Havel rivers, and the removal of groundwater 
from surrounding areas. Water works use surface water in the form of bank filtrate groundwater removals 
(well galleries in the vicinity of bodies of water remove water that has been filtered through the banks of 
the body of water) and groundwater recharge plants. 

 

Fig. 4: Berlin Water Balance (Long-term Mean Values in million m³, without Bodies of Water) 

The Environmental Information System has statements for each area of the separate sewage system: 
into which receiving stream, body of water, or body of water section it discharges. This enables balances 
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to be made of what average amounts the bodies of water receive. This concerns about 150 bodies of 
water or body of water sections. Table 4 shows the collected discharged amounts in sections into bodies 
of water in Berlin. Surface runoffs in the combined sewage system area are allocated to the waste water 
treatment plants, with the exception of water diverted directly into bodies of water during strong rains by 
emergency diversions of the pump works and the rainwater overflow conduits of the sewage network. 
The waste water treatment plants perform a waste water treatment and, together with true waste water, 
are discharged into bodies of water. 

 

The ABIMO model/program is an instrument enabling simulations with variable initial conditions. The 
estimation of changes to be expected in the water balance because of construction projects is especially 
important. Other applications include the estimation of effects of de-sealing measures and disconnection 
measures. Differentiated initial data enables ABIMO to be applied to individual plans at the micro level 
of property lots. Changes of model parameters are possible at any time by using the results of current 
studies. 

02.13.4 Percolation from Precipitation 
without consideration of surface 
sealing  
Overview 
For water-economic questions and in context with the calculation of percolation the influence of sealing 
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and the sewage system has to be considered as a crucial influence on the water supply of urbane areas. 
(Cf. text to maps 02.13.1-3) However, the investigation of the percolation is of particular interest for the 
evaluation of the capability of soils for soil protection programs or for the evaluation of interventions 
following the nature conservation law. On the one hand it is possible to derive the different capability of 
soils from this figure. On the other hand it can be appraised in the context of plannings which influence 
a planned future seal would have on the rate of percolation for a planned area. These statements cannot 
be met with the values of the map 02.13.2, because here median values for the respective reference 
areas from sealed and unsealed as well as from canalized and not canalized areas are portrayed. 

For these reasons, the investigation and depiction of the percolation of unsealed surfaces is shown on 
map 02.13.4. This map portrays the percolation by precipitations on unsealed surfaces. The given 
values refer only to the unsealed part of the blocks and block segments. The percolation and seepage 
measurements from unsealed soils is also a basis for the calculation of the exchange frequency of 
ground water.  

Statistical Base 
Details can be found in the text to map 02.13. For this investigation of percolation, the initial data was 
used under the assumption that all surfaces were unsealed, ie. the value was set as zero that means 
that surface sealing was not considered. The surface area of the streets was also not considered and 
taken to be zero. Thus the results apply only to unsealed soils of block areas.  

Methodology  
The calculations were made (as with map 02.13) using the complex drain model "ABIMO" developed at 
the Federal Institution for Hydrography in Berlin. The procedure assesses data from the Information 
System City and Environment. Calculations for approximately 25,000 different areas were made with 
the assumption that all surfaces were unsealed. Again, street surface areas were not considered. The 
percentage of percolation resulting from precipitation is above all dependent on the vegetation, the soil 
and the depth to groundwater. A detailed description of the method is located in the text to map 02.13.  

Map Description  
With a yearly percolation of 200-250 mm, the high anthropogenic alterated soils of the inner city and 
industrial areas reach the highest percolation rate in the Berlin, followed by the predominently sandy 
pleistocene valleys/watercourses and sand plateaus with levels of 150-200 mm. When this sandy soils 
are living forest areas then the average percolation sinks to 100-150 mm, as the depth of the 
rootsystems allows an increase in evaporation. Due to the high water holding ability of the clay soils in 
Teltow and Barnim, the vegetation here can increase the evaporation, leading to a percolation as low 
as 50-100 mm. Areas with a high ground water level are susceptible to additional water loss due to the 
capillary effect which pushes ground water up into a higher evaporation zone. This can give a yearly 
average of less than 50 mm. 

If actual evaporation is higher than precipitation this leads to water depletion and the calculated 
percolation becomes negative. Some areas are capable of a percolation of more than 300 mm. ie. 
individual areas with extremely low (or no) vegetation foliage. In these cases only an extremely low 
amount of precipitation is due to evaporation and the predominant part is simply due to drain off.  

When data for the estimation of the consequences of additional sealed surfaces in the context of 
planning processes are used, the following is to be noted : 

The percolation rate portrayed in the map will be reduced to zero by planned seal only if the planned 
seal is truly unpermeable and waterproof (roofs, asphalt) and if the precipitation water drains complete 
into the sewage system. If partly permeable surfaces are planned or the runoff from precipitation water 
drains only partly into the sewage system, corresponding reductions are to be performed regarding the 
reduction of the percolation rate. For more exact calculations, the application of  the drain model 
ABIMO is recommended; with the input of simulated data for planned surface structures it is possible to 
compare the contemporary situation with the planned situation. 
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