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Budget  = Budget + TimeSlices(CurrentTime).IndustryLE * BaseFTIndustryLE 

Where BaseFTIndustryLE is the Flood Tax per LE (see below) 

The budget calculation as a whole is shown in the following table. 
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Description Formula 
Initial Budget from 
scenario timeslice 

Budget = Scenarios(CurrentScenario).AnnualPressures(CurrentTime + 1).Budget * 1000000000# 

Add income from 
non-eco population 

Budget = Budget + (TimeSlices(CurrentTime).Population - 
TimeSlices(CurrentTime).EcoPopulation) * BaseFTPerson 

Add income from 
eco population 

Budget = Budget + TimeSlices(CurrentTime).EcoPopulation * BaseFTEcoPerson 

Add income from LE Budget = Budget + TimeSlices(CurrentTime).IndustryLE * BaseFTIndustryLE 
Add income from 
SME 

Budget = Budget + TimeSlices(CurrentTime).IndustrySME * BaseFTIndustrySME 

Add income for each 
tourist 

Budget = Budget + TimeSlices(CurrentTime).Tourists * BaseFTTourist 

Subtract penalty for 
each unemployed 
person 

Budget = Budget - TimeSlices(CurrentTime).Unemployed * BaseUnemployedPenalty 

Subtract penalty for 
each unemployed 
person 

Budget = Budget - TimeSlices(CurrentTime).Homeless * BaseHomelessPenalty 

Calculate random 
interest value 
between min and 
max 

BaseInterest = Scenarios(CurrentScenario).InterestMin + Rnd() * 
(Scenarios(CurrentScenario).InterestMax - Scenarios(CurrentScenario).InterestMin) 

Subtract loans and 
interest 

Budget = Budget - CompoundInterest(TimeSlices(CurrentTime).Borrowing10, BaseInterest, 10) 
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Description Formula 
Initial Water 
Demand from 
scenario time slice 

WaterReservoir = BaseWaterSupply 

Add all water supply 
cards 

For each water supply card 
 WaterReservoir = WaterReservoir + CardValue 

Calculate usage – 
add usage from 
tourists 

WaterNow = NumTourists * BaseWDPerson 
 
N.B. NumTourists calculated above 

Add usage from 
non-eco people 

WaterNow = WaterNow + (TimeSlices(CurrentTime).Population - 
TimeSlices(CurrentTime).EcoPopulation) * BaseWDPerson 
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Add usage from eco 
people 

WaterNow = WaterNow +TimeSlices(CurrentTime).EcoPopulation * BaseWDEcoPerson 

Add usage from LE 
Industries 

WaterNow = WaterNow + TimeSlices(CurrentTime).IndustryLE * BaseWDLE 

Add usage from 
SME Industries 

WaterNow = WaterNow + TimeSlices(CurrentTime).IndustrySME * BaseWDSME 

Add usage from 
agriculture 

WaterNow = WaterNow + BaseWDAgriculture * (1 + 0.01 * CurrentTime * 
(Scenarios(CurrentScenario).AgricultureWaterDemand + 
Climates(CurrentClimate).AgricultureWaterDemand)) 

Calculate water 
demand 

WaterDemand = WaterNow * 100 / WaterReservoir 
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Condition Formula 
If MaxAge < 40 and MaxAge >=20 
and CurrentAge > MaxAge - 10 

DefenceLevel = DefenceLevel - DefenceLevel * 0.4 * (CurrentAge - (MaxAge - 10)) / 
10 

Else If CurrentAge > MaxAge - 10 DefenceLevel = DefenceLevel - DefenceLevel * 0.3 - DefenceLevel * 0.3 * 
(CurrentAge - (MaxAge - 10)) / 10 

Else If CurrentAge > MaxAge - 20 DefenceLevel = DefenceLevel - DefenceLevel * 0.1 - DefenceLevel * 0.2 * 
(CurrentAge - (MaxAge - 20)) / 10 

Else If CurrentAge > MaxAge - 30 DefenceLevel = DefenceLevel - DefenceLevel * 0.1 * (CurrentAge - (MaxAge - 30)) / 
10 
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UpstreamDefenceLevel = UpstreamDefenceLevel + DefenceLevelAtCard / (Numlinks+3) 

Where NumLinks is the number of regions away from the region with the card. 

��,  ���� ����� �������� ��� ������
�� ��
��
�� ������� � O� %� ����� 
(��(� ����� ����� ��������� �
��
�6�����������
�����5���(�������������������(��(���
 (�����(�����������
�������(������(��6�������
����
�����������(��(��(������������������E�����
��� ��
����������������

�,  6�������� ��#�����
�� ��-��� �������� � O� %� ����� 
(��(� �������� 
(��(��� �� �������� ��������
�

����������������

������E�����
�����
����������� ��������5��6���������(���

����9��������������(��
�

������������������2������

������������
�������� �����������������9�=�

DownstreamDefenceLevel = DownstreamDefenceLevel + DefenceLevelAtCard / (Numlinks+3) 

Where NumLinks is the number of regions away from the region with the card. 
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Pre-flooding Calculations

Post Flooding Calculations

Sample Flood Events

Add Urban Areas

Calculate Environmental Health

Calculate Homeless and Unemployed

Calculate Budget

Calculate Water Demand

Generate Random Flood Events

Determine if pixel is flooded

Calculate areas flooded

Calculate Public Opinion

Calculate Regional Insurance Premium

Calculate Overall Score

Age and degrade defences

Modify Downstream Defences
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Data Input:    Map of urban areas at start of current decade 
     Vector map of roads 
User Parameters: Number of people housed  
     Number of industries added 
     Location of urban cards placed on terrain 
Scenario Values:  Area taken per person per housing type 
     Area taken per industry type 
Process:    1.  Modify input map to add urban pixels 
     2.  Add urban pixels to overlay maps, City-River, City-Forest-

SSSI, City-River-Road, City-River-Soils, City, All 
     3.  Calculate total distance of new urban areas to existing roads in 

km 
 
Outputs:   Updated urban areas 
     Overlays 
     Distance of new roads (km) 
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Data Input:    Map of current urban areas 
     Map of National Parks, SSSIs and other environmentally 

protected areas 
     Distance of new roads 
User Parameters: Passed from ‘Add Urban Areas’ 
Scenario Values:  Weighting of importance of environmental land lost (%) 
     Weighting of importance of amount of new roads (%) 
Process:    1.  Calculate area lost from environmental areas in km2 
     2.  Calculate health factor for environmental land lost = 

area_lost/31.25 with a maximum value of 1.0 
     3.  Calculate health factor for new roads = length_roads/125 with 

a maximum value of 1.0 
 
Outputs:   Health score = 0.8*(100 - EnvironmentAreaLost * HealthHabitatWeighting - 

LengthNewRoads * HealthNewRoadsWeighting) + 0.2 * PreviousDecadeHealthScore 
 
Notes:    Previous decade health score counts for 20% of current health 

score 
     Loss of environmental land is more important in Local 

Stewardship scenario (see Appendix 1) 
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Data Input:    Current population 
     Current unemployment figures 
User Parameters: Number of people housed during decade 
     Number of new industrial units added during decade 
Scenario Values:  Population growth for scenario 
     Required new employment for scenario 
Process:    1.  Calculate new population 
     2.  Calculate homeless figures 
     3.  Calculate unemployment figures 
     4.  Calculate number of people housed in eco-housing 
 
Outputs:   Homeless numbers 
     Unemployment numbers 
     Number of eco-people 
 
Notes:    Housing and employment requirements for next decade are 

modified given performance during this month 
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Data Input:    Current Population, Large Industries and SMEs 
     Current Eco-population 
User Parameters: Size of all reservoirs in litres 
Scenario Values:  Summer temperatures for all scenarios for current decade 
     Maximum number tourists for scenario 
     Minimum number of tourists for scenario 
     Water demand from large industries in litres 
     Water demand from small/medium industries in litres 
     Water demand from eco-population in litres 
     Water demand from remaining population in litres 
     Agricultural water demand related to climate scenario in litres 
     Agricultural water demand related to world future scenario in 

litres 
     Base agricultural water demand in litres 
     Summer rainfall for climate scenario 
     Initial water available in litres 
Process:    1.  Calculate number of tourists 
     NumTourists  = MinTourists + (MaxTourists-MinTourists) * 

(CurrentDecade/10) * (CurrentScenarioSummerTemperature –MinScenarioSummerTemperature) / 
(RangeScenarioSummerTemperatures) 
     2.  Calculate agricultural water demand 
     3.  Calculate water available by adding resource from reservoirs 

added by user 
     4.  Calculate water demand 
 
Outputs:   Water demand score which is a percentage of demand to that available 
 
Notes:    Resource is modified by summer rainfall figure for chosen 

climate change – multiplication factor is (SummerRainfall/200).  N.B. there are no units here this is a 
relative figure which changes through the decades and between climate scenarios (see Appendix 1) 
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Data Input:    Current budget 
User Parameters: Current spend 
Scenario Values:  Borrowing interest rate for scenario 
     Income from normal rate taxes 
     Income from eco-people taxes 
     Income from industries 
     Income from tourists 
     Costs for unemployed 
     Costs for homeless 
Process:    1.  Calculate new borrowing figures 
     2.  Calculate interest for previous two decades 
     3.  Calculate income and costs 
     4.  Calculate new budget 
 
Outputs:   New budget 
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Data Input:    Existing defence levels per river management region 
User Parameters: All defences added as cards 
Scenario Values:  None 
Process:    Each dyke, lock, weir or reservoir has an effect of downstream 

defences.  If for example a large weir exists at the uppermost management region then the next 
downstream defence level will be raised by the following formula: 
     NewDefenceLevel = OldDefenceLevel + 

LargeWeirDefenceLevel / (NumberOfRegionsDownstream + 2) 
 
Outputs:   Modified defence levels 
 
Notes:    FloodRanger does not perform on the fly modelling of river 

volumes so this is a gross approximation of the effects of upstream defences retaining flood water 
     As you travel further downstream the effect of the upstream 

defences becomes less 
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Data Input:    Current Urban Areas Map 
     River Flood Event Map  
     Coastal Flood Event map 
     River Segment Source Map 
     Coastal Segment Source Map 
User Parameters: Flood defences located in management segments 
Scenario Values:  Borrowing interest rate for scenario 
     Income from normal rate taxes 
     Income from eco-people taxes 
     Income from industries 
     Income from tourists 
     Costs for unemployed 
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     Costs for homeless 
Process:    1.  Generate random flood events for each magnitude e.g. 1:5, 

1:100 etc. and for coastal and fluvial origins 
     2.  Check to see if 1:100 river and 1:200 coastal occurs at same 

time and whether tidal barrier is in place – if not then major disaster occurs. 
     3.  Test each flood event at each pixel to see if pixel could be 

flooded for that event.  If it could, then check all segment sources for that pixel.  If any of the sources do 
not have sufficient defences for that flood event then the pixel is flooded. 
     4.  Count number of pixel flooded in both urban and non-urban 

areas. 
     5.  Count number of pixels that could be flooded and are not 

currently protected 
     6.  If a coastal flood event is a 1:100 year event or greater and 

more than 10km2 is flooded then a disaster occurs.  
 
Outputs:   Raster map showing number of flood events per pixel for river events. 
     Raster map showing number of flood events per pixel for coastal 

events. 
     Accumulative map showing number of decades that pixel has 

been flooded 
     Area at Risk Score in Flood Plain 
 
Notes:    The frequency of each level of flood event is increased each 

decade according to climate scenario parameters 
     The flood event maps contain values for each pixel representing 

the years between expected floods.  Therefore for a value of 15 you would expect that pixel to be flooded 
every 15 years.  These values are decimal number so might have the value 43.54, which wouldn’t get 
flooded on a 1:20 event but would get flooded in a 1:50 event 
     The segment source maps contain values representing where the 

flooding may come from.  If you imagine a point between two rivers, it might get flooded from either 
river.  These two rivers may belong to separate management units labelled for example unit 12 and unit 
65.  The pixel in question would then have a value of 1265.  The number is stored as a float number in the 
raster file but treated as a string in the program with every two characters representing a source segment.  
Therefore a management segment number of 3 needs to be represented as the string 03 in the stored pixel. 
     Defences degrade from decade to decade so that a defence that 

should protect against a 1:100 event when it is built will gradually decay so that it might only protect 
against 1:80 events and then smaller and smaller events until it eventually fails. 
     If pixel flooded for more than 3 decades then game prevents you 

from building at this site. 

��������
��������'%������
�

Data Input:    Number of unemployed 
     Number of homeless 
     Health of Environment Score (%) 
     Regional Insurance Score (%) 
     Water Demand Score (%) 
User Parameters: None 
Scenario Values:  None 
Process:    1.  Calculate current public opinion 
     2.  Calculate final public opinion by combining with previous two 

decades of public opinion 
 
Outputs:   Public Opinion Score 
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Notes:    Current public opinion is 35% unemployed, 30% homeless, 5% 

health of environment, 15% water demand unmet and 15% insurance premium. 
     Unemployed figure is calculated as fraction of 

NumUnemployed/300000, with a maximum of 1. 
     Homeless is calculated as fraction of NumHomeless/45000, with 

a maximum of 1. 
     Public opinion is modified according to previous decades 10% 20 

years ago, 20% 10 years ago and 70% present, or 20:80 if only in first decade. 
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Data Input:    Urban areas flooded (km2) 
User Parameters: None 
Scenario Values:  None 
Process:    1.  Calculate regional insurance premium 
     2.  Calculate final public opinion by combining with previous two 

decades of public opinion 
 
Outputs:   Regional Insurance Premium Score 
 
Notes:    It is assumed that current insurance covers up to 6.25km2 of 

flooding in urban areas 
     Flooding less than this decreases the previous decades premium 

and vice versa 
     Maximum increase in premium per decade is 20% and the actual 

increase is calculated by 20*(UrbanAreaFlooded-6.25)/31.25 
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Data Input:    All other scores 
User Parameters: None 
Scenario Values:  None 
Process:    1.  Combine all scores 
 
Outputs:   Overall Score = ((100 - WaterDemand50) + PublicOpinion + 

HealthEnvironment + (100 – RegionalInsurancePremium) + (100 - AreaAtRisk)  /  2.0 ) / 450 ) 
where the WaterDemand50 is the water demand above 50% doubled, i.e. a water demand figure below 

50% will score maximum points while a figure of 100% will score zero. 
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