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Background
Models participating in the last urban intercomparison

project significantly under-represented storage heat flux 
– why?

We are revisiting typical parameterisations in an urban 
canyon model to try to reduce heat storage flux errors 

and allow the use of more realistic wall/roof parameters.

Part 1: New Interface Conduction Parameterisation 
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32 realistic wall & roof construction types
(Jackson et al., 2010)

each tested over 9 levels of complexity (total 288)
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Idealised study – conduction schemes vs exact solutionsTwo conduction schemes
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Heat Storage Bias: 32 models for PILPS-Urban 2 Intercomparison
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Melbourne site – realistic
(Grimmond et al., 2011)

WRF default – not realistic
(Chen et al., 2011)

WRF updated – not realistic
(Loridian & Grimmond, 2012)

aTEB default – not realistic
(Thatcher and Hurley, 2012)

Observational study – implemented in urban model

4 typically modelled roofs

Conclusion: Interface scheme reduces heat storage errors compared with previous scheme, however storage still under represented, especially if using observed material parameters.

Preston, Melbourne. Site of the PILPS-Urban 2 Intercomparison
(Grimmond et al., 2011)

Conclusion: Harman scheme has overall best performance for this site, however groupings on Taylor diagram show material parameters and conduction scheme have bigger influence.

Preliminary Conclusion: Work still underway – so far simple internal model compares well with stripped down EnergyPlus 8.6 model.

Using the Australian Town 
Energy Budget (aTEB) model
(Thatcher & Hurley, 2012) …
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…we implement two common turbulent heat 
transfer schemes – the Jürges method 

(per Kusaka et al., 2001) and Rowley method 
(per Masson, 2000) …

…and compare with a less common turbulent 
heat transfer scheme – the Harmon method (per 

Thatcher and Hurley, 2012).

☐ varying internal temperature (fully implicit)
☐ new conduction model (interface scheme)
☐ longwave radiation (infinite reflections)
☐ convective heat transfer (dynamic algorithm)
☐ internal mass (single block)
☐ internal heat gain
☐ infiltration
☐ heating and cooling
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• aTEB currently represents the building envelope only. 
As such, for lowest model errors, roofs and walls need 
unrealistically high heat capacities.

• We are now adding internal thermal processes including 
internal mass to assess whether we can improve this. 

• As each process is added, we compare output to the 
EnergyPlus building energy modelling system (DOE, 2016). 

Simple
internal
model

Work is ongoiong. Processes added so far:

versus

Taylor Diagram – response of fluxes to parameterisations

Internal surface and air temperature response

Mathew Lipson (UNSW) – m.lipson@unsw.edu.au
Melissa Hart (UNSW),  Marcus Thatcher (CSIRO), Andy Pitman (UNSW) 

References:

Model identifying number as in PILPS-Urban 2. Adapted from Grimmond et al.,(2011)

Chen, F., Kusaka, H., Bornstein, R., Ching, J., Grimmond, C. S. B., Grossman-Clarke, S., Loridan, T., Manning, K. W., Martilli, A., Miao, S., Sailor, D., Salamanca, F. P., Taha, H., Tewari, M., Wang, X., Wyszogrodzki, A. A. and Zhang, C.: The integrated WRF/urban modelling system: development, evaluation, and applications to urban environmental problems, Int. J. Climatol., 31(2), 273–288, doi:10.1002/joc.2158, 2011.
DOE: EnergyPlus 8.6 Documentation: Engineering Reference, U.S. Department of Energy., 2016.
Grimmond, C. S. B., Blackett, M., Best, M. J., Baik, J.-J., Belcher, S. E., Beringer, J., Bohnenstengel, S. I., Calmet, I., Chen, F., Coutts, A., Dandou, A., Fortuniak, K., Gouvea, M. L., Hamdi, R., Hendry, M., Kanda, M., Kawai, T., Kawamoto, Y., Kondo, H., Krayenhoff, E. S., Lee, S.-H., Loridan, T., Martilli, A., Masson, V., Miao, S., Oleson, K., Ooka, R., Pigeon, G., Porson, A., Ryu, Y.-H., Salamanca, F., Steeneveld, G. j., Tombrou, M., Voogt, J. A., Young, D. T. and Zhang, N.: Initial results from Phase 2 of the international urban energy 

balance model comparison, Int. J. Climatol., 31(2), 244–272, doi:10.1002/joc.2227, 2011.
Jackson, T. L., Feddema, J. J., Oleson, K. W., Bonan, G. B. and Bauer, J. T.: Parameterization of Urban Characteristics for Global Climate Modeling, Ann. Assoc. Am. Geogr., 100(4), 848–865, doi:10.1080/00045608.2010.497328, 2010.
Kusaka, H., Kondo, H., Kikegawa, Y. and Kimura, F.: A Simple Single-Layer Urban Canopy Model For Atmospheric Models: Comparison With Multi-Layer And Slab Models, Bound.-Layer Meteorol., 101(3), 329–358, doi:10.1023/A:1019207923078, 2001.
Lipson, M. J., Hart, M. A. and Thatcher, M.: Efficiently modelling urban heat storage: an interface conduction scheme in the aTEB urban land surface model, Geosci Model Dev Discuss, 2016, 1–28, doi:10.5194/gmd-2016-240, 2016.
Loridan, T. and Grimmond, C. s. b.: Multi-site evaluation of an urban land-surface model: intra-urban heterogeneity, seasonality and parameter complexity requirements, Q. J. R. Meteorol. Soc., 138(665), 1094–1113, doi:10.1002/qj.963, 2012.
Masson, V.: A Physically-Based Scheme For The Urban Energy Budget In Atmospheric Models, Bound.-Layer Meteorol., 94(3), 357–397, doi:10.1023/A:1002463829265, 2000.
Thatcher, M. and Hurley, P.: Simulating Australian Urban Climate in a Mesoscale Atmospheric Numerical Model, Bound.-Layer Meteorol., 142(1), 149–175, doi:10.1007/s10546-011-9663-8, 2012.


