EWGLAM/SRNWP 26 Sep 22 | Sue Grimmond | 1 | B paadine

44th EWGLAM and 29th SRNWP Meeting

26 September 2022, Brussels

High resolution NWP modelling in urban areas: evaluation

Sue Grimmond?

Met Office Joint Chair for Weather Processes, c.s.grimmond@reading.ac.uk
IMeteorology, University of Reading: W Morrison®, T Hall2, M Stretton, B Saunders, D Hertwig,

L Blunn3, C Merchant?, N McCarroll?, N Theeuwes?*, E Warren3
3Met Office@Reading or Exeter: H Lean, J Shonk, M Best, S Bohnenstengel
ECMWF: R Hogan
EnFlo, University of Surrey: A Robins University of Southampton: C Vanderwel, D Lim

1University of Freiburg 2NCEO, University of Reading *KNMI

Acknowledge: Those who provide site access and support day-to day operations
ERC urbisphere - coupling dynamic cities and climate EPSRC DARE
MO-SPF-CRP UM100 - 100m-scale modelling for Urban Climate Services NERC Scenario/EPSRC University of Reading
NERC CASE/MET OFFICE CASE


mailto:c.s.grimmond@reading.ac.uk

EWGLAM/SRNWP 26 Sep 22 | Sue Grimmond | 2 | B paadine

Challenge of Scale in Urban Areas Impacts Modelling

e Computer resources
 Data needed and availability to characterise the surface

Melbourne

Impacts Observations

* Micro-scale variability
Local scale need
Horizontal and vertical variability
Challenge of access

g Impacts Services
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Introduction

* As part of the UK Climate Resilience Programme the
Met Office is exploring the use of high-resolution
modelling (order 100 m) for delivering climate
services

* Integrated Urban Services (WMO 2019)-
stakeholder and end users always interested in detailed
spatial coverage

* Various observational datasets being considered to  seintiomety o ol {scntiionery NI
evaluate and help inform developments of high- S . g L [ R ‘

resolution NWP models and components
* Larger aperture scintillometry

* Ground based thermal remote sensing
» Satellite data

* Wind and water tunnel observations
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Local scale: Scintillometry

Measurements
* in Inertial Sub Layer
* Multiple paths
* Source areas
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Local scale: Scintillometry

Observations on two days (rows)

* 1 min fluxes

* Sensible heat flux Q- 3 paths (colour)
* Incoming shortwave radiation X

Model for grid-box centre of respective scintillometer path
60 min UKV fluxes

* (), atthe 60 m model level

* K, atthe surface
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Micro-scale
Variability of surface temperature
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Reading

* Brightness temperatures differ by > 30 K

e Ground highly variable from shadows

* Morning: most variability; Afternoon: more isothermal

| Morrison et al. 2018 hitps://doi.org/10.1016/.rse.2018.05.004
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Variations in model landscapes: Level of detail (LOD)

* LOD2: from Morrison et al. (2020) data: Google Earth Pro data (Google, 2019)
* LOD1.: extruded building footprints (Evans et al., 2011)
* LODO: Idealised with study area building height, number, and plan area

LOD2
LOD?2 with trees

LOD1
with trees

Morrison et al. (in review) RSE
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Vertical variation of surface characteristics
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Evaluation of Vertical Profiles of Radiation Fluxes: Shortwave

* SPARTACUS-Surface (Hogan 2019)
 Evaluated with: 3D obstacle resolving model

(DART)(Gastellu-Etchegorry et al. 2015; Landier et al. 2018)
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Evaluation of Vertical Profiles of Radiation Fluxes: Longwave

« SPARTACUS-Surface (Hogan 2019) ) 1345 .
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Surface-leaving radiance -simulated brightness temperature

11:00,,.“5.,,,%,@@-?-@_ j, 14:00 eemmmp— » Satellite view simulations using:

i § fﬁ £ g » 3D object resolving model DART radiative transfer model
'-.l AP v ‘%:Q‘% “ Iy A% “ -"@" gt
* Ground-based surface temperature obs

* View angle varies with satellite and time
e Changes view of roof - ground - walls (and their
orientation)
« UM100 - assume planar vertical and horizontal surfaces
Nadir view
Off —nadir !mSateIIiteview
Zenith
angle
« 8 =0° north | 6 = 90° east
* ¢ = 0° up from surface ¢ = 90 °parallel to surface

DARe e B L8 BB ey B | 27th August 2017 Morrison et al. (in review) RSE
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Satellite view simulations Nl i

z (vertical)

 Difference between nadir and angle (actual) view | Satellite view

« MODIS: up to +45° view angle (typical of multi-day observations)
« ~4.5 K view-angle variation

 Landsat: +7.5° view angle
« ~0.7 K view-angle variation
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Satellite observations

» Can provide high spatial resolution surface temperature data (in cloud-free conditions) with complete (global)

coverage
* Trade-off between temporal and spatial resolution

* Objective: assess use of Landsat data to evaluate the UM@100 m scale over London

* Landsat-8 data available: 2013-present
» 16-day repeat cycle
* Views London 22-23 days per year (if clear)
* Overpass at ~11 UTC over London
* Thermal resolution: order 100 m

17/11/2017
15/07/2018 Mostly dry month (small amount of rain central London on 13/07/18)

10/10/2018 Few contrails to NE of London
* UKV, ERAS and Landsat cloud mask used to identify dates with minimal cloud cover

\Hall et al. (in preparation)\
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Land surface temperature (LST) retrieval comparison

* Retrieved from Landsat Band 10 (one of two thermal channels)
* Emissivity from ASTER Global Emissivity Dataset (GED): 100 m resolution
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Differences arise from auxiliary information in the retrieval, e.g. choice of radiative transfer model (RTM)
Differences consistent with the expected uncertainty from Landsat-8

Overall strong spatial correlation between the three products on both days (r>0.97)
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Hall et al. (in preparation)



UM100

* 100 m research configuration of Met Office
Unified Model (UM)

* Nesting suite:
* Quter domain: UKV (1.5 km resolution)

 UM100 domain:
* 80 km x 80 km
* covering Greater London

e Land surface: JULES
* 10 tiles
* different properties (e.g. emissivity)
* MORUSES

60"

55°

50°

45°
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Hall et al. (in preparation)
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UM100 initial model runs
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Comparison of UM100 with Landsat LST: initial model runs
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* UM100 LST cooler on average than Landsat (particularly July case)
* Unrealistic blocky patterns over London...

\Hall et al. (in preparation)\
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Comparison of UM100 with Landsat LST: new model runs
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Comparison of UM100 with Landsat LST: new model runs
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* Much greater mean bias (6-7K) in July & April cases cf. Oct & Nov cases
« Spatial correlation between UM100 vs Landsat LST between 0.22-0.52

\Hall et al. (in preparation)\




UM100 land cover description
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1.0+ =10 -10¢E
~ —
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=0.8 4

—0.9 4

-1.0 4

"'1.1 =

—0.8 1
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=1.14

—-0.9 o
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Ref [Urban roof]
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Ref [Grass]

1.7
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Ref [Bare soil]

1.7
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UM100 land cover
ITE (1990)
Reference land cover &

1 m LiDAR data - (details see:
Lindberg and Grimmond (2011))

* ITE inconsistencies in fractions:

overestimates urban canyon
(paved)
underestimates roof fraction in
suburbs
underestimates trees/shrubs
overestimates bare soil
LHR - runways ‘bare soil’ cf.
‘paved’

\Hall et al. (in preparation)\
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UM100 urban form - evaluation using high resolution surface data

\Hall et al. (in preparation)\

Plan area index
Building fraction UMlOO * Reference: 1 m LiDAR data aggregated to UM100 grid resolution

Reference / Truth (cutoff at

0.80 0so * UMZ100: ancillary data
0.70 0.70 ® U M 100
8 ,
N 060 3| 0.60 * Overestimates roof area for dense areas
“loso o L oso * underestimates height of tall buildings
| s
@
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[UM100-Landsat]: surface dependence

[UM100-Landsat] LST

Vegetated Grass + trees & shrubs Built Roof + canyon
— El/g;ﬂg Shading IQR e 13;‘1’(7)22 All 4 days:
sles St = = 20a20 | ® INCrease in bias with higher built fraction
(lower vegetation)
- - « Stronger trends: July & April cases
* mean bias much larger
* Increased bias with higher grass fraction
6 (lower tree)
in areas that are >80% vegetated (Ref)
_8-
« * Model bias clearly sensitive to surface
type
-10 T T T T -10 T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
Vegetated fraction Built fraction
REF dataset

Hall et al. (in preparation)\
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Streaks/Stripes in UM100 LST

22/04/2020 - case investigated
* Present in UM100 but not LST
* Three LST methods explored - and not present

Landsat LST UM100 LST
JT O, 3050 —0.8 - 305.0
302.5 2 302.5
-0.9 ho*
- 300.0 ’ - 300.0
Y : hv4
~ . ~
2975 -1.04 " L 297.5 |-
v 4 (Vs
- -
- 295.0 - 295.0
-1.1-
" il 292.5 292.5
. — s 2 : 290.0 290.0

]Hall et al. (in preparation)\




Convective rolls?

* W component indicates convective rolls
« MOST- being applied to the surface - extending impact to surface temperature

UM100 LST: 22/04,/2020

Vertical cross section

7
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Vertical cross-sections

Wind (U-component)

Wind (W-component)

3 km

10 12 14 16 18
Temperature (°C)

Air Tem‘perature @2m

3 km

—16 —14 —12 —10 -8 —6 -
U Component of Wind (m s 1)

‘llMui\ "

W Component of Wlnd (m s71)

]Hall etal. (in preparation)\
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Real World Observations
Basel-Sperrstrasse
Dense Uniform Terrain
Gothenburg

b IS0

57.71°N

Height agl [m]

57.7°N

Basel-Sperrstrasse F

Height agl [m]
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Profiles of Eddy Covariance Sensors - Real World

unstab

Near ne

b | -os<an<-
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e’

c

gtral\ Wind speed profiles

normalized by friction velocity

Model

-
s De Ridder (2010

---
el VIOST with stability dependent z,
el Neutral logarithmic law
el Kastner-Klein & Rotach (2004)

el Giometto et al. (2016) LES

® Obs. .
@ Obs. corr Observations

'Theeuwes et al. (2019) BLM https://doi.org/10.1007/s10546-019-00472-1|
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Urban areas are more complex: Tall buildings (TB) large influence on wind profiles

(a) Te; at0=0" (b) Ty34 at8=101°
. . . 1404 —e— r = 0.5Hr
Mean longitudinal (along-wind) o .= LoH;

g rz = 1.5Hy
velocity (U/U,) ensemble mean 1204 = 2.0Hs Ty oty

—o— 5= 2.5Hr

e = 3.0Hy (T4 only)

—O— all sites (Core) —e— 1 = 3.5H; (Tyay only)
) 100+ ra = 4.0Hr (T34 only)
~ all sites (No Tall) —o— all sites (Core)

—— all sites (No Tall)
~ 80 +— log-law fit (No Tall)

— log-law fit (No Tall)

—

~
- Roughness sub layer ah

Street scale & tall-building flow

- 20 f=m==== @ Helical street canyon vortex
@ Flow exchange in intersection
Urban Canopy Layer
by y 0 - @ Down- and upward flow (windward face)
00 02 04 06 08 1.0 -04-0.2 0.0 0.2 04 06 08 1.0 1.2 @ Near wake with recirculation and upward flow
wind direction approaching flow @ Horseshoe vortex with secondary flow
. . . (©) (d) (6) Main wake
University of Surrey Wind Tunnel
Isolated Tall Buildings (London)
r‘ : '
\ % .- N ) Distance from TB: radii (
AR 7 - —e— r = 0.5Hr
__—3—-» Al Trapea m==afen s —e— r, = 1.0Hr
Profile i Nsect down ALY rs = 1.5Hr
measurement TFE_BEE;%C'[ Ty | 4 ;4 = z.gzr (Ts: only)
r . 5= 4. T
downwind in \ re = 3.0Hr (Ty4 only)
building wake wind direction —e— r, = 3.5H; (T34 only)

\ " approaching flow re = 4.0Hr (T134 only)

Hertwig et al. (2019) BLM https://doi.org/ 10.1007/s10546-019-00450-7 \ ‘Hertwig et al. (2021) Faraday Discussions https://doi.org/ 10.1039/DOFD00098A\
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Q;’E%:i"l = M J‘J!yl;’iib Cf:::J 7“ LHH;TD g AT,
1:2400 scale 1:2400 scale 1:4800 scale

Particle Image Velocimetry (PIV) and Planar Laser Induced Fluorescence (PLIF)

Mean
Nano-PIV L50-1__ .._....._ recirculating flow in the cluster near-wake region velocity
o g :
0.3 mg/L Free-surface 100 mJ p!.I|SEd laser E | e o m 0.2 ; E 1 F—ﬂ 0.2 ;
Rhodamine 6G \ . : 8 05 =] -] o 2
\ Clear acrylic S EE 0.5 0 = 205 p— 0 =
S \ S i SR e Y T, PLEE:
I \ i N5 6 7 8 N5 6 7 8 79
o e e — s
% 1 1 AN X/Hlil(lJZT?Lll]O \‘ \\ X/Hnm_;t-_]qg()() /
i Uo : - 4 1
I : g g
— ' rsL 7 5
' 1600 mm =] = / 05
\ \
—, 7 ; ‘ _ - - 0
! : 2 - 6 8 2 4 6 8 \ 10 12
! X K“\L—" ‘Y/I{nru.r.'l"ﬁ—ll)“ X/Hw,,,-.]"-lmm outflow boundary for T2400
Dye injection ey 2400 (Q‘TNOO . -(c) T4800 . 4800 ‘ i l - dy|
- Ny yd ™ \ Lim et al. 2022. Experiments in Flui
_ / iﬁi% N/ Wiy \ _
— 4745 MM — \. /
< 6750 mm

A A

L]

\Hertwig et al. 2021 Faraday Discussions https://doi.org/10.1039/DOFD00098A
Lim et al. 2022 Experiments in Fluids 63:92 https://doi.org/10.1007/s00348-022-03439-0




EWGLAM/SRNWP 26 Sep 22 | Sue Grimmond | 31| B pardine

Final Comments

* Massive challenge characterising the city
* Form/Materials (surface, facets internal) for radiation and conduction/ Human activities
* Needed for Observations, Modelling and Services - ideally consistent! Needs to be kept up to date
* Known errors in model surface ancillary information (e.g. bare soil%) propagate into the modelled surface
temperatures, complicating model evaluation

 Vertical variations of radiation - SPARTACUS-Surface perform well cf. DART
* Assumes random horizontal position of obstacles (buildings) - with higher resolution - will become
increasingly problematic
* DART - ORM - computationally unfeasible for NWP but very helpful for evaluating simpler NWP schemes.

 Landsat LST data helps:
* |dentify model issues/biases e.g. unrealistic blocky spatial patterns in LST
 — Updates to UM100 model configuration
 — More realistic surface temperature distribution, although increased overall bias
* |dentification of small-scale features such as “convective rolls”
* High resolution LST data essential
* Model bias appears to be greatest in more built-up areas
More work needed to fully understand the causes - including using other observations and ORM
* Need to consider what satellite FOV
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e LST retrieval details

UK
CLIMATE
RESILIENCE

Single band retrieval: Upwelling Emi:cted Reﬂelcted
—t— I

Lroa(D) = Lt(Q) + &, Ls(A) t‘l +I(1 - SA)fAle\)

By (T;)At
= 2iBA(T)At + £, By (To)ty + (1 — £)ty Eitl#

i—0.5ti+0.5
I |

L;o4 top-of-atmosphere radiance [observed] From éaunders et al

T, surface temperature

B, Planck function (1999)
N surface emissivity

t) transmittance (from surface) [RTM]

t; level i to space transmittance

T, temperature at level i [NWP]

RTM = RTTOV used to obtain transmittance, upwelling and downwelling radiances
 Atmospheric profiles from ERAb5 used as input to RTM

* Emissivity (¢,) from ASTER Global Emissivity Dataset (GED)

= UK Research
~ Met Ofﬁce and Innow:\tion33
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Challenges

——

ABL - Atmospheric boundary layer
B ey
(transition Iay\er,ﬁkelayer,interfxial layer) s MOST = brea kS down C|OS€ tO the SurfaCe

UCL - Urban canopy layer

M Moedier - * Large roughness elements
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‘ Tang et al. 2021: Building and Environment, https://doi.org/10.1016/j.buildenv.2021.108088
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Temperature Profile - Different stabilities
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'Theeuwes et al. (2019) BLM https://doi.org/10.1007/s10546-019-00472-1|
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Couple RSL Profile Evaluation in London

Couple Harman and Finnigan RSL model to local scale

urban canopy model (SUEWS) AR
Diagnose profiles down to the ground N ay
jj_g . Reading i 3
) 5‘!:2 I- I
28 E_Vts"c,'_’]?uﬂ g 05 00
Longitude (°E)

25/ a) 6.5 m agl — Obs -

c) 6.5 m agl

-

o vemp— e
- e
smee
- -
c— =
e
— -

ATgim-obs ("C)
|
-

MBE=JO‘93
MAE=0.93

default

25/ d) 12,56 m agl 2lf) 125 magl

|  meems

.....................................

e— s s

N
[0}
=
/
T (°C) °
S @
I“.
|
4"
f § [
N N
ATsim-obs (C
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-—
—

il
Il

7% 2F
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‘ Tang et al. 2021: Building and Environment, https://doi.org/10.1016/j.buildenv.2021.108088
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Improving urban services (building energy consumption, overheating) using coupled ULSM/RSL

EnergyPlus simulated annual energy load
Heating Cooling Total * Improved weather forcing at neighbourhood scale to
for neighbourhood and building scale applications
a b c
3 _ 14.8% s _ —222% - _ 95% - e Impllcatlons (examples):
| 0% : Jorn | 1 [-oa% : ¢ Human comfort
e e || e + Energy needs
2 [ e ' L RECOREE EECEEE * CO, emissions
. ﬂ -0.3% i | 04% | | -0.2% ]
& - 14.1% - 28% | - 11.0%
1 - 14.4% i - ~12.9% | - 1.2%
| ~0.2% {1 | 03% | ~0.1%
- 9.9% : ST _ I 38% | - 8.6%
c + oo |mT f-37% | | [ e
=0.1% | —01% | =0.1% Main Bed Living
"0 2 4 6 8 10 12 14 -25-20-15-10-0500 05 10 0 2 4 6 8 10 N S
Heating (kWh m™2) Cooling (kWh m™2) Total (kWh m™) / / o
[
U Wlnd [neW - defaUItopen terrain] " Kitchen L
T Temperature (%): diff. normalised by open terrain values Bath
UT U&T l
7.8m
Each flat has the same layout Front

\ Tang et al. 2021: Building and Environment, https://doi.org/10.1016/j.buildenv.2021.108088 \




Urban Characteristics

urban morphology ‘
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urban phenology

anthropogenic heat |Treated as parameter- should be dynamic
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—— Greater Qr model
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Hertwig et al. (2021) TAAC https://doi.org/10.1007/s00704-020-03294-1 |
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hydrology
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Observations: Ceilometer with Forward Operator (aerFO)

High pollution day London (19 January 2016)
Observed daily average PM, > 50 pg m-3
B x Observed Mixed Layer Height

107=

10-%

B attenuated backscatter

1073

utomatic Lidar and
~ Ceilometer ALC

(=]

=
[=}
=]
o

Height [m]

i ]

Persistent high B,, near the surface
Aerosol: insufficiently mixed in the vertical
due to lack of aerosol dispersion

Earlier dates - could identify emission
inventory problems Time [HH:MM]

00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 00:00

’Warren et al. (2018) https://doi.org/10.1016/j .atmosenv.2018.04.045\




Model: UKV: changed urban scheme: Best 1-tile - MORUSES (15/Mar/16)
Observations: Eddy covariance, Ceilometer with Forward Operator (aerFO)
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‘Warren et al. (2018) https://doi.org/10.1016/j.atmosenv.2018.04.045/
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Fluxes: EC - long term measurements

Monthly Median Diurnal Cycle, shaded IQR, KSS

£
TC 18 %\nﬁ##nﬂﬂﬂnp#ﬁnhﬁ#J'J]J]JIJIJ‘J"ﬁnnﬁﬁhﬂﬂjlnpﬁrnﬁf-FJIJIIIjljlﬁﬁil--“-hd‘-F”nﬂﬂnﬁﬁﬁnﬁfnﬂjlﬂjlnp#nnﬁfﬁﬂﬂﬂﬂﬂni‘ﬁn
- -10 600
_"E ---------------------------------------------------------------------------- 8 & SEEEEEEEEEERELEECE X BF B EELEEEH 450
O 1T L

--------- b At 1 et R -+ 150
& hhnﬁ A LAAA“\ M“EM o
e LA e T AR L LA A A LAl
- -150
3 -300
T AN NS SOV IT OO NVSTRRIIY N N YOO N R - 250
G bbby SRR RPRRRI & IR T [LCPRCTRUPRRT [ If I SERUPRRRUPRS: B8 ¥ RRTCRPRORRRC N I f § TORIPTCSPRORRN 2% 0] N FERPRRR -200

------- ' 1 A : - 1150
Q AR A AN R g I | IEwe HAININ _ 100 1-._,..._*
H T WWVTREHRUALLRY VY = L e S

i 2
E (1) H f] et LS | ‘ (el ] e . | | | | 1 ] ol el | ‘ | il o | il JILJHES ‘ 16 et sl 1 11,0 | | 1| I Y ‘ | el flfl A | | | | - 80
s}

p
total 24 h

2010 2011 2012 2013 2014 2015 2016

Kotthaus & Grimmond (2014a) Urban Climate |




EWGLAM/SRNWP 26 Sep 22 | Sue Grimmond | 42 | B paadine

Anthropogenic heat flux from buildings Qg

= Inventory methods to estimate Q¢ 5 |:> Building energy consumption data

Roof and Wall

4

Assumptions:

Qr 5= Qkc

Consumed energy is emitted outdoors immediately

L‘Liu et al. 2022: Atmos. Chem. Phys., 22, 4721-4735, https:/ /doi.org/10.5194/acp-22-4721-2022




