Thank you for your comment$he line numberg our response referred the update
manuscript unless otherwise stated.

Anonymous referee #

Isabella et al developed the DASH to quantitatively evaluate the anthropogenic activities
impacting heaemissons. This model highlighted the Spatiotemporal distribution
anthropogenic heat emissions. This is an important model that have board implicatitns
urban area. This topic of this paper fits the scope of GMD. However, | haveceonerns

45.Peasec heck the reference format. A ( Ok e, 198)
Citation has been corrected to (Oke, 1988

215. It seems the authors does not consider the heat emissions generatendigibksm
during sleep, which is incomplete for this part.
This isaccounted fo The fdlowing text has beenhanged to make this clearer

L217:

Bothb and Mcan varywith activity (e.g. office work/sitting, walkingleeping
410. | agree with the authoros st ataemlent t ha
thermophysical properties is expected to reduce the spatial variance in hediogling
contributionso. But the di mensi oaseoblbnddnhe bui

it does not take differences in building dimensions into considaratitich would be an
important reason to cause the largest discrepancy in CBDtdacepisallocation in the
published data, as the author mentioned in 635

Total building volume igapproximately)orrect for each OA (the exact distribution between
archeypesis not known) One nordomestic andhreedomestiduilding types(bungalow,

flat, housepareusedto createhe volume Thebuilding level of detaillLoD) can varywith
availabledata

L416:
The limited casideration of building material thermophysical propertiesl
dimensionsis expected to reduce the spatrariance in heating and cooling
contributions to @ in DASH.DASHcanuse moreuilding features given suitable
input data.

Anonymous referee #2

GENERAL COMMENTS: Overall, this manuscript presents an intriguing and thoroughly
reasonecgentbased framework for evaluating the dynamically and spatrallying
anthropogenic heat emissions across cities. Such a framework is sup#remrinto prior
approaches to estimate Qf and should be published. Nevertlielessyiewer has sevédra
high-level concerns about the practical implementationeamaduation of such a complex
model. It is likely that the authors can suitably addtieese issues thrgh additions to the
manuscript text, including appropriate caveatddher explanatiopregarding model
accuracy.

1. At a fundamental level, this model is extremely complex with so many degrees of
freedom, and input variables/assumptions that are higidgrtain, that in practice, the



model may not be any more accurate than nsircipler inventorybased estimate$he

authors need to make a stronger case that the added complexity increases accuracy and
makes a meaningful and important difference in thierapogenic hegtrofiles, and in
secondary results related to the use ofdlpsfiles (e.g., estimates tbfe local diurnal
warming signal when Qf is incorporated into atmospheric models).

Ourgoalin developing DASHs to provide a model thatllows behaviourdynamics to be
captured (i.e. response to localised events having larger spatial and temporal implications).
This thenenables the possibility of feedbadihe improvenents (possiblaccuracy is

from not assuming that the response is static

We agree thathe model is complex with many degredsreedom. An understanding of
the influence of uncertainty in variables and assumptions is the subject of sensitivity
analysis that is beyond the scope of this paper. Here we introduce the conceptagl fram
of the model, its implementation, and an evaluation for the case of London against
currenty accepted models.

2. Related to the above point, validation is foundational to determining the usefoil@ess
framework such as this. However, as recognizedbéyatithos, validation isnot really
possible given the significant limitations of other methods of estimatinh&ertheless,
when the authors do compare estimates of energy consumption toobsteraations
(from utility data) their model does not agay to peform very well. Soany estimates of
anthropogenic heating derived from the energy use estimates rmagpext.

As a societechnicaiphysical model, the idea é@falidatiord is not something we aim to

achieve. The evaluation carried out inforassofthe similarities (differences) in

spatiotemporal profiles and gives some insight into the modelling assumptions and
simplifications that have been documented. Whilst differences with existing models and data
are observed, these are relatively snmathod cases/locatias whenthe dsolute error (e.g.

Fig. 9) is consideredDespite theedocumented discrepancithe larger spatial patterns are
captured well, with greater variance in spatial differences observed at higher reséigtion (
11).

SPECIFC COMMENTS:

1. Lines 40441 This may seem like a minor point, but whidgn 1 is a commonly used
representation of the energy balance for cities, it icleatrly articulated whether this is truly
a surface energy balance or a volumetric enbeggne. If the former, then storage is zero
and Qf is minimal as most Qf is emitted directly into the air volume. If the latter, then
advection would seem to be of significamec@ heterogeneous urban setting.

This is a statemendf conservatioracrossaninfinitesimally thin layer of a volume that
extends t@ depth in the ground where thés no net exchang&or completeness, we add

L41:
The surface energy balance for an urban volume can be w{ites, 1988)
0* 0 0 0 YO W 71 1)
where Q* is the net allvave radiation, @ the anthropogenic heat flugQsthe net
storage heat flux, @the turbulent sensible ande@urbulent latent heatdixes Qi@
net energy transported by advectidimese fluxes influence the transfer of heat, mass
and momenturand the stabilityof the urban boundary jeer (Oke, 1983



2. Section 2.4.3 Does STEBBS allow for a dynanmsetpoint temperature? Most
commercial and many residential buildings have setpthatsvary based on management
(either BMS or by individual occupants).

Yes STEBBS allows for setpoint temperatsite bechanged at every timestefiher to

represent specified control schedules and/or human intervehtitreevaluation run, set

point temperatures weregulatedbetween min and mak)y relative active occupancy

levels (domestic) and building mareagent based on typical percentage of present occupants
to workday populationThis control approach was applied in relation to the sincglifon of
building representation (i.e. large volumeglace of multiple units).

L 302:
The heating of the buildinfabric modifies the storage heat flux of the urban energy
balance (Grimmond et al., 1991; Grimmond and Oke, 1999). Thus this teanked
and removedrom Q. Setpoint temperatures are controlled (between minimum and
maximum) in relation to occupaypcecognsingthe oneto-many representation of
buildings inthis model.Domestic instances vary basedtbe proportion of active
occlparntsto total residential population, whilst neshlomestic instances hasetpoint
temperatures based on occupancy thobdh

3. Section B are light manufacturing and industrial buildings taken into account in either
DASH orGQF? These can tsggnificant energy users in certain areas of larger cities, and
mightbe ignored, potentially explaining part of the underestinadif energy use in the
CBD. For that matter, can the authors provide more clarity on how many archetype buildings
they use irtheir modding? Some prior studies doing similar tasks have sugg2étaa
archetypes are needed to adequately capture cityaribions in residential +commercial
energy consumption.

Both DASH and GQFdo take light manufacturing and industry inte@aaent DASH

increases nadomestic energy use in spatial units with industrial landnfsemed by

energy statistic§.e. thespecific energy demandctivity of industry ishot captured but
magnitudeof energyconsumption is)GQF includsthis with other nordomestic energy
consumption athe MSOA resolution

L 390:
Nondomestic activity varies by workplace appliance types aaegrid the land use
(e.g. industrial, office) of thenXBEIS 2017a; OpenStreeti 2017)with appliances
(Table D1iii) haing greater energy consumptiamindustrial thancommercial
areas

4. In section 4 (and elsewhere) can authors clavifyet heranfcoyoc wWp f f erent i a
and outdoor location of individuals? If A€ present, the rejected heat from indoor

metabolism includes metabolism + AC energy used to reject it.

Building occupants are assumed to be indpousduring travel (e.g. walking)or sone

activities (e.goutdoa recreationpeople occupy outdo@pacesHeat from metabolism is

included a a casual heat soureathin buildings and would therefore be rejected with AC

use.Figure B1 has been updated.

L217:



L1170:

Figure B1: STEBBS 4D modelsimulatesbuilding facets/nodes (dots), casual heat sources andexehtanges.
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5. Lines 6316371 the errors in estimates of domestic energgsumption seem rather large
in general. It would seem that if the building seemhetypes are reasonable, the errors in

estimating energy consumption shouldninech smaller.
Domesticbuilding archetypesrelimited, because of data availabilitig threedomestic

types(house, bungalow, flagnd two construction typd€by age) for the evaluatiohlote
there aremanyoccupancytypes and building volumes.

6. What are the units in Figrud 1 e and f?
Figure 11 updatetb show units (W ).

L1165:

g.
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Figure 11 (e f): Annual average energy consumption at LA scaledjoreference data and
(f) DASH.

7. Appendix Bi STEBBS:the description of STEBBS suggests that walls and roofs are
modeled assingle layers with bulk properties. Can the authorsfglarether the
conduction equation solved within these singlayer constructions? If not, they would
essentially be assuming steady state conduction through the wall and roof at aWwtiroes
would introduce significant errors.

The building componda areconsidered as two layers (indoor and outdoor) with an equal
(half) thickness for each layer. In this widne conductionequation is solved across the two
layersas well as informing on thermeapacitanceThe description in Appendix B has been
modified tomake this clearer.

L 734:
STEBBS employs a nodal approgEbucquier et al., 2@3) as found in commonly
used simulation tools such &RNSY $Klein et al., 2017and EnergyPlugCrawley
et al., 00). Each node represents a homogeneous layer within a specified
component of the building, witteat transfer equations solved between each node
(Figure B1l). S T E Baye3sifor wailirgoly grounddlabeasd ar e 2
windows; plus a bulk air nodend an all internal mass node (calculated as a
percentage of total volume). Additionally, there aibenodes associated with the
domestic hot water (DHW) system. There atay2rs for the hot water tank walls
and a bulk DHW distribution system, plus dkowater node for the storage and a
distribution node. Effective thermal properties are appliedaoh component (i.e. a
wall cavity and insulation layers are not modelled separately). As this is
computationally cheap, it allows multiple instances forheac¢at high temporal
resolution. The only latent heat consideration is that of people from mietabol
processes (Section 2.4.1).

Other assumptions in STEBBS may be questionableghisl am not familiar with

STEBBS.Some more details on this model wobkl helpful. Additionally, there are standard

test cases (from ASHRAE) against which buildgogerce models are evaluated and

validated. Can the authors present some quantitative data to confirm that the STEBBS model
produces accurate estimates of buidémergy consumption for any specific building (e.g.,
compare model results with thoska trustecand ASHRAEvalidated model such as

TRNSYS or EnergyPlus for eadf your archetypes). If only20 archetypes are simulated

for a single year, this tasg actually rather quick in existing software such as EnergyPlus (or
DoE-2) which hasalready undergonextensive validation and improvement over the past



40+ years. ISTEBBS is new (and less vaditbd), can the authors make the case for why
t h ey simplggodith an existing model?

STEBBSwas developed for DASHsa simplifiedbuilding energy modehatis needed to
allow for dynamic control of setpoints, occupanegntilation,internal loadsetc, as well as
consideration of heating and cooling system bulk efficiencies,jiim@att tothe building
indoorvolume and direct heagjection to the outdoorSTEBBSdoesthecore calculatioa
for building volumé thermal loadinginformedby DASH timestepandparameters.

As the scale ohiterest is the neighbourhodsITEBBSis not intendedo represenindividual
buildingsatthe same level of detail/sophisticationdame byTRNSYS, EnergyPlus, ESR
etc.Given this a direct comparisobhetweermodds requires some thoughh comparison
has beeronducteduisingEnergyPlus/9.3.0 for the BESTEST Case00 model setuplhis
cases chosen as being the most appropriate for the tffereiit modeling approacks The
Case 600.idf file from the EnergyPluswebsite(originally for v8.1) is modifiedto run with
v9.3.0. The results and discussion have been addégpzndixB.

With respect to the number of effective archetypiesre is of the order of 100,00dferent
instancesun at each 10 min tiemstep.There are six thermophysical properigshetypes
Eachof the >25000 neighbourhoods (i.e. O#gve 1i 3 domestic instances, antllOnon
domestic instances. Within the domestic instances, the occupancy and@tergpurs of
households of sizeg & people within the domestic instances are captured.

L783:

Energy for heating (cooling) is controlled by setpoint temperature with energy added

(removed) directly from the indoor air node that is controlled according to a
maximum power rating and sgfstem efficiency. The temperature setpoints can
changeat each timestepllowing both automated and human conttolbe accounted
for. The level of heatin@cooling is further controlledoy the difference between
indoor air and setpoint temperatures.émal gains are accounted for as a bulk gain
to the indor air node.

The BESTEST Case 600 single zone building case is used with EnergyPlus (v.9.3.0).

to evaluate STEBBS. The EnergyPlus BESTEST model downloaded from the
EnergyPlus helpserve webs{EnergyPlus, 2020 modified to run with v9.3.0.
Observed London weather data for 2qkdtthaus and Grimmond, 2014dje
generated using SuR$un and Grimmond, 2014t an hourly resolution for
EnergyPlus and STEBBS. Although EnergyPlus indicates it interpolatd®suly
weather data for consistency we use both withhadr timestep.

Following EnergyPlus Engineering Regace, the STEBBS external convection
coeficient is changed to the DGEmethodU.S. Department of Energy, 2020

pg.9596) for consistency between the models. Note, this is found to have little impact

on the results. The inteal mass and DHW in STEBBS are reduceebinme to
ensure they have negligible impact on res{(deeZenalo achive
https://doi.org/10.5281/zenodo.3745523 has the BESTEST setup). The bkilding

thermal properties in STEBBS are calculated using the BESTEST Case 600 values as

presentedn ASHRAE 140ASHRAE, 2017Building dimensions for STEBBS are set
to giveconsistent total indoor volume, waihof surface area, window area, and floor


https://doi.org/10.5281/zenodo.3745523

area. As STEBBS has only one pair of nodes @da&y& wall, Figure B1), building
geometry and orientation are not represented in STEBBS.

TheEnergyPlusannual and inteidayheating and coolinglynamics g capturedn
STEBBSFigure B2). Both models control the indoor air temperature to within the
setpoint limits of 20 (heating) and 2€ (cooling). EnergyPlusimulatesa higher
heating and cooling load wittnoretimeswhen thandoor temperature is between
(rather than at) the set point temperatur&nergyPlus aosimulates aooling
requirement during the heating season, which STEBBS does not.

The modal burly heaing/cooling loaddifferencesbetween the two modedre

relatively small(Figure B2) butthe distribution range is large. Thefi@rences are

perhaps best attributed to a difference in load control. The EnergyPlus BESTEST
case uses the maximum heating (cooling) capacity to add (remove) thermal energy to
(from) the building that is likely taesult in the observed indoor temperataver

shoots, the higher frequency of switching-@f) for heating and cooling, and need

for cooling during heating season as heating and cooling power are set high (100
kW).Whereas to prevent this type of behavjG TEBBSiseshedifference between

air and setpoint temperatute helpcontrolthe heating and cooling power

L1175:

Figure B2: BESTEST Case 600 is used with London weather dateboade STEBBS
relative to EnergyPluat an hourly time scale for 2012)(heating and (b) cooling
loads (J), (c) indoor air temperature (d) frequency distribution of hourly differences
between EnergyPlus and STEBBS for heating and cooling loads, (e) inter quartile



