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PLEASE NOTE 
 

 

 

COPYRIGHT This document refers to proprietary computer software, which is 

protected by copyright. All rights are reserved. Copying or other 

reproduction of this manual or the related programmes is 

prohibited without prior written consent of DHI A/S (hereinafter 

referred to as “DHI”). For details please refer to your ‘DHI 

Software Licence Agreement’. 

 

LIMITED LIABILITY The liability of DHI is limited as specified in your DHI Software 

License Agreement: 

 

In no event shall DHI or its representatives (agents and suppliers) 

be liable for any damages whatsoever including, without 

limitation, special, indirect, incidental or consequential damages 

or damages for loss of business profits or savings, business 

interruption, loss of business information or other pecuniary loss 

arising in connection with the Agreement, e.g. out of Licensee's 

use of or the inability to use the Software, even if DHI has been 

advised of the possibility of such damages.  

 

This limitation shall apply to claims of personal injury to the extent 

permitted by law. Some jurisdictions do not allow the exclusion or 

limitation of liability for consequential, special, indirect, incidental 

damages and, accordingly, some portions of these limitations 

may not apply.  

 

Notwithstanding the above, DHI's total liability (whether in 

contract, tort, including negligence, or otherwise) under or in 

connection with the Agreement shall in aggregate during the term 

not exceed the lesser of EUR 10.000 or the fees paid by 

Licensee under the Agreement during the 12 months' period 

previous to the event giving rise to a claim. 

 

Licensee acknowledge that the liability limitations and exclusions 

set out in the Agreement reflect the allocation of risk negotiated 

and agreed by the parties and that DHI would not enter into the 

Agreement without these limitations and exclusions on its liability. 

These limitations and exclusions will apply notwithstanding any 

failure of essential purpose of any limited remedy. 
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1 Introduction 

MIKE software makes it possible to generate climate change scenarios for a large 

number of the models available within the MIKE Zero and the MIKE URBAN suite. The 

functionality is based on the work reported by the Intergovernmental Panel for Climate 

Change (IPCC) in the Fourth Assessment Report (AR4) and more recent research results 

on global sea level rise. The climate change projections are taken directly from the IPCC 

work and other references, and thus the MIKE software does not include any climate 

models.  

 

The following sections are not meant to report on the climate change projections but are 

merely meant to explain how the projections have been adapted to the MIKE Powered by 

DHI software suite. For an insight in the climate change modelling carried out for the 

IPCC AR4, please visit the site http://www.ipcc.ch/ for more information. Results from 

other sources used by the MIKE software are referred to in the following. 

 

 

http://www.ipcc.ch/
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2 Projections of Climate Variables 

Projections of climate variables are constructed based on the so-called delta change 

factor method. The delta change factors indicate how much a certain variable (e.g. 

precipitation) will change over time compared to a baseline (reference) period. The MIKE 

climate change scenario tool modifies time series of precipitation, temperature and 

potential evapotranspiration according to the geographic location and the projection year. 

The change factors are derived from the climate model projections for various emission 

scenarios. 

 

2.1 Global Circulation Model Projections 

The work reported in the IPCC AR4 report includes results of a number of so-called 

Global Circulation Models (GCM).  Some of the outcomes of the GCMs are predicted 

future changes for air temperature and precipitation based on a number of emission 

scenarios.  

 

GCM results reported by IPCC are air temperature and precipitation as well as air 

temperature and precipitation anomalies that are defined as deviations from the reference 

values taken as the average over the period 1961-1990. The anomaly predictions are in 

the form of absolute changes. The data are spatially and temporally varied. The former is 

covered through the use of gridded values whereas the latter is represented by an 

average value per month.  

 

Further, the data are a function of the projection year. The data are given as average 

values for a number of 20-year time spans. The time spans are  

 

• 2011-2030 

• 2046-2065 

• 2080-2099 

• 2180-2199 

 

Note that not all the GCMs provide data for all of the above periods.  

 

Thus, a data set (precipitation, air temperature and anomalies) consists of up to 4 sets 

(different projection years) of 12 monthly values per grid point per emission scenario. 

Emission scenarios 

The IPCC has defined a number of emission scenarios that have been used as input to 

the GCMs. Results of the three most common scenarios have been included in the MIKE 

software. The three scenarios are listed below with a short description as defined by the 

IPCC: 

 

• SRA1B: A future world of very rapid economic growth, global population that peaks 

in mid-century and declines thereafter, and rapid introduction of new and more 

efficient technologies, with the development balanced across energy sources. 

• SRA2: A very heterogeneous world with continuously increasing global population 

and regionally oriented economic growth that is more fragmented and slower than in 

other storylines. 
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• SRB1: A convergent world with the same global population as in the SRA1B 

storyline but with rapid changes in economic structures toward a service and 

information economy, with reductions in material intensity, and the introduction of 

clean and resource-efficient technologies. 

Available GCMs and emission scenarios 

It is not the goal here to advise on which GCMs or emission scenarios should be used for 

evaluating the climate change. For this, the user is referred to the IPCC guidance 

documents or other sources. The MIKE software can work with any subset of GCMs and 

emission scenario possible. If more than one GCM is used, the delta change factors will 

be taken as the average over the GCMs chosen. 

 

Below follows an overview of the data available for the individual GCMs. The table sums 

up the data available for the various combinations of GCM and emission scenario. 

 

Model (GCM) Acronym Emission scenario 

SRA1B SRA2 SRB1 

BCCR:BCM2 BCM2    

CCCMA:CGCM3_1-T47 CGMR    

CCCMA:CGCM3_1-T63 CGHR    

CNRM:CM3 CNCM3    

CONS:ECHO-G ECHOG    

CSIRO:MK3 CSMK3    

GFDL:CM2 GFCM20    

GFDL:CM2_1 GFCM21    

INM:CM3 INCM3    

IPSL:CM4 IPCM4    

LASG:FGOALS-G1_0 FGOALS    

MPIM:ECHAM5 MPEH5    

MRI:CGCM2_3_2 MRCGCM    

NASA:GISS-AOM GIAOM    

NASA:GISS-EH GIEH    

NASA:GISS-ER GIER    

NCAR:PCM NCPCM    

NIES:MIROC3_2-HI MIHR    

NIES:MIROC3_2-MED MIMR    

UKMO:HADCM3 HADCM3    

UKMO:HADGEM1 HADGEM    

NCAR:CCSM3 NCCCSM    

 

Please refer to the IPCC sources (given as hyperlinks in the model column of the above 

table) for more information on the particulars of the various GCMs and the emission 

scenarios.  

 

As mentioned previously, the climate variables that are taken from the GCM projections 

are air temperature and precipitation. This is augmented by potential evapotranspiration 

in the MIKE software. The following sections will give details on how projected changes of 

the three climate variables are integrated within the MIKE software. Please note that not 

all combinations above provide precipitation. 

 

 

http://www.ipcc-data.org/ar4/scenario-SRA1B-change.html
http://www.ipcc-data.org/ar4/scenario-SRA2-change.html
http://www.ipcc-data.org/ar4/scenario-SRB1-change.html
http://www.ipcc-data.org/ar4/model-BCCR-BCM2-change.html
http://www.ipcc-data.org/ar4/model-CCCMA-CGCM3_1-T47-change.html
http://www.ipcc-data.org/ar4/model-CCCMA-CGCM3_1-T63-change.html
http://www.ipcc-data.org/ar4/model-CNRM-CM3-change.html
http://www.ipcc-data.org/ar4/model-CONS-ECHO-G-change.html
http://www.ipcc-data.org/ar4/model-CSIRO-MK3-change.html
http://www.ipcc-data.org/ar4/model-GFDL-CM2-change.html
http://www.ipcc-data.org/ar4/model-GFDL-CM2_1-change.html
http://www.ipcc-data.org/ar4/model-INM-CM3-change.html
http://www.ipcc-data.org/ar4/model-IPSL-CM4-change.html
http://www.ipcc-data.org/ar4/model-LASG-FGOALS-G1_0-change.html
http://www.ipcc-data.org/ar4/model-MPIM-ECHAM5-change.html
http://www.ipcc-data.org/ar4/model-MRI-CGCM2_3_2-change.html
http://www.ipcc-data.org/ar4/model-NASA-GISS-AOM-change.html
http://www.ipcc-data.org/ar4/model-NASA-GISS-EH-change.html
http://www.ipcc-data.org/ar4/model-NASA-GISS-ER-change.html
http://www.ipcc-data.org/ar4/model-NCAR-PCM-change.html
http://www.ipcc-data.org/ar4/model-NIES-MIROC3_2-HI-change.html
http://www.ipcc-data.org/ar4/model-NIES-MIROC3_2-MED-change.html
http://www.ipcc-data.org/ar4/model-UKMO-HADCM3-change.html
http://www.ipcc-data.org/ar4/model-UKMO-HADGEM1-change.html
http://www.ipcc-data.org/ar4/model-NCAR-CCSM3-change.html
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2.2 Air Temperature 

The air temperature anomalies are given as gridded delta change values, i.e. the values 

represent the absolute deviations from the reference values. In the MIKE software the 

temperature delta change values are taken at any geo-referenced position represented 

by a latitude and longitude coordinate set. To achieve this bilinear interpolation is carried 

out from the gridded values to the specific location. Further, to predict values for any 

future year (also for years not covered by the 20-year time spans) the data is interpolated 

linearly between the years. 

 

2.3 Precipitation 

Precipitation amounts may vary drastically within a modelling area. This variation is on a 

sub-scale that is not reflected in the coarse grid used by the GCMs. To compensate for 

the sub-scale variation, the delta change values for precipitation have been converted to 

relative changes within each of the grid cells. This is done using the absolute change 

precipitation  and the absolute precipitation for the future scenario precipitationscenario, i.e.  

 

∆𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 =
𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜

𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 − ∆𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛
 (2.1) 

 

If the reference precipitation (𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 − ∆𝑝𝑟𝑒𝑐𝑖𝑝𝑖𝑡𝑎𝑡𝑖𝑜𝑛) is equal to zero, a 

relative change is not sensible and then precipitationrelative is set equal to 1. Further, if 

the reference precipitation is very small, the relative change may become very 

(unrealistically) large and hence an upper limit on the relative change of 5 is introduced. 

 

As for the change factors of air temperature, bilinear interpolation is used in space and 

linear interpolation is used in time to determine the relative changes for any location and 

any year. 

 

2.4 Potential Evapotranspiration 

A simple temperature-based method is used to estimate changes in potential 

evapotranspiration. Potential evapotranspiration [m/s] is calculated as (Kay and Davies, 

2008)  

 

𝑃𝐸𝑇 = {
𝑅𝑒(𝑇 + 5)

𝜌𝑤100
 𝑖𝑓 (𝑇 + 5) > 0

0          𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (2.2) 

 

Where 

  is the latent heat flux (2.45 106 J/kg) 

w  is the density of water (1000 kg/m3) 

Re  is the extraterrestrial radiation (J/m2/s) 

T  is the mean daily air temperature (C) 

 

The reference potential evapotranspiration is calculated using the reference temperature. 

The change in potential evapotranspiration is calculated from the change in temperature 

using 

 

∆𝑃𝐸𝑇 =
𝑅𝑒

𝜌𝑤100
∆𝑇 (2.3) 
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The relative change is then found as 

 

 𝑃𝐸𝑇 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒  = {

𝑃𝐸𝑇𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜

𝑃𝐸𝑇𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 − ∆𝑃𝐸𝑇

    𝑖𝑓 (𝑇𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 − ∆𝑇 + 5) > 0

1             𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (2.4) 

 

Which is equivalent to  
 

 𝑃𝐸𝑇𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒   = {
max (𝑇𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 + 5,0)

(𝑇𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 − ∆𝑇 + 5)
    𝑖𝑓 (𝑇𝑠𝑐𝑒𝑛𝑎𝑟𝑖𝑜 − ∆𝑇 + 5) > 0

1             𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 (2.5) 

 

 

Note that the relative potential evapotranspiration through this formula is not allowed to 

become negative. Further, as for relative precipitation changes, an upper limit on the 

relative change of 5 is introduced. 

 

2.5 Modifying Times Series of Climate Variables 

The MIKE climate change tool will make a copy of an existing setup and modify the time 

series of climate data according to a given future year, selected GCMs and emission 

scenario. These time series are then used instead of the original climate time series in 

the climate change scenario model setup to assess the possible impact of climate 

change. 

 

The time series modification works as follows: 

 

A set of 12 (one for each month) change factors are determined based on 

• Latitude and longitude  

• Selected GCMs 

• Projection year 

• Emission scenario 

 

If the time series is air temperature, the change factors will be added to the individual 

values within the time series, i.e. the January change factor (in oC) will be added to all 

values in the time series occurring in January etc. 

 

If the time series is precipitation or potential evapotranspiration, the change factors will be 

multiplied with the individual values within the time series, i.e. the January change factor 

(dimensionless) will be multiplied with all values in the time series occurring in January 

etc. 
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3 Projections of Sea Level Rise 

Sea level rise can be divided into 4 contributions 

 

𝑆𝐿𝑅 = ∆𝑆𝐿𝐺 + ∆𝑆𝐿𝑅𝑀 + ∆𝑆𝐿𝑅𝐺 + ∆𝑆𝐿𝑉𝐿𝑀 (3.1) 

 

Where 

𝑆𝐿𝑅 is the sea level rise 

∆𝑆𝐿𝐺 is the change in the global mean sea level 

∆𝑆𝐿𝑅𝑀 is the regional variation in sea level  from the global mean due to meteo-

oceanographic factors 

∆𝑆𝐿𝑅𝐺 is the regional variation in sea level  due to changes  in the earth’s 

gravitational field 

∆𝑆𝐿𝑉𝐿𝑀 is the change in sea level due to vertical land movement 

 

The MIKE climate change tool only considers the global sea level change. The other 

three terms must be estimated and supplied by the user and subsequently added to the 

global sea level change. 

 

Projections of global sea level rise are available for the same three emission scenarios as 

used for the climate data. Projections published in IPCC AR4 (Meehl et al, 2007) as well 

as projections from three more recent publications (Horton et al, 2008; Grinsted et al., 

2009; Vermeer and Rahmstorf, 2009) are available. Since publication of the IPCC AR4 

report, sea level projections have been widely debated. Observations of accelerations of 

the ice sheet discharges in Greenland and Antarctica could not be explained by state-of-

the-art ice sheet models, suggesting that the IPCC AR4 projections underestimated the 

sea level rise. A number of studies have been conducted following IPCC AR4 using 

different semi-empirical methods that relate changes in global sea level with changes in 

temperature or other climate variables. Results from three of these studies have been 

included in the MIKE software. 

 

The published results are reported as ranges of projections of sea level rise and have 

been included in the MIKE software as a lower, a mean, and an upper level. The ranges 

of projections by 2100 are shown in the table below.  

 

Acronym Range of projected sea level rise [m] by 

2100 relative to the period 1980-1999 

Reference 

SRA1B SRA2 SRB1 

IPCC AR4 0.20-0.51 0.22-0.55 0.19-0.40 Meehl et al. (2007) 

Horton2008 0.62-0.88 0.68-0.89 0.54-0.75 Horton et al. (2008) 

Grinsted2009 0.99-1.44 1.01-1.48 0.77-1.16 Grinsted et al. (2009) 

Vermeer2009 0.97-1.56 0.98-1.55 0.81-1.31 
Vermeer and 

Rahmstorf (2009) 

 
  

http://www.ipcc-data.org/ar4/scenario-SRA1B-change.html
http://www.ipcc-data.org/ar4/scenario-SRA2-change.html
http://www.ipcc-data.org/ar4/scenario-SRB1-change.html
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For describing the temporal evolution of sea level rise a quadratic function has been fitted 

to the data as suggested by Nicholls et al. (2011). For each of the three scenarios the 

predicted temporal evolution of global sea level rise is illustrated in the figures below for 

the four different sea level rise models, represented by the lower, mean and upper level. 

 

 

 
 
Figure 3.1 Global sea level rise for the various models for the emission scenario A1B 

 

 

 
 
Figure 3.2 Global sea level rise for the various models for the emission scenario A2 

 

 



Projections of Sea Level Rise  

© DHI A/S - MIKE Zero & MIKE URBAN Climate Change 8 

 
 
Figure 3.3 Global sea level rise for the various models for the emission scenario B1 

 

3.1 Modifying Times Series of Sea Level 

For sea level projections only global values are available, and thus the geographical 

location is not used when modifying water levels. Furthermore, the sea level rise does not 

have a variation over the year, i.e. there is only one value which is applied to the whole 

simulation period.  

 

The sea level time series modification works as follows: 

 

One delta change value is determined based on 

• Selected sea level rise model (including choice of lower, mean or upper level) 

• Projection year 

• Emission scenario 

 

Note that the water level changes should only be applied at sea level boundaries, and 

thus the user must identify the water level boundary conditions which represent a sea 

level.  The delta change value for the sea level rise is an absolute value that is added to 

the identified sea level boundary values.  
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