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Motivation

* Traditional weather forecasts no longer good enough

* Weather forecasts can be strongly influenced by the
local environment

* General demand for high resolution forecasts and

archives of (extremes in) temperature, thermal
comfort, precipitation, ...

AIM: 15 year fine scale (100m) urban climatology
reanalysis archive for Amsterdam

Traditional weather forecast



Motivation
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Heavy rain, thunderstorms lead to flooding,
Schiphol airport delays
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Very heavy showers and some thunder is set 1o it much of the Nethernands on
Monday, ihe KNKIT wealher Dureau says

In some south-westemn parts, up 1o four centimetres of rain may fall in some places
leading 10 localised Nooding. Flooding has already been reported in Zeeland, Zuid-
Holland and western parts of Brabanl, néws agency ANP says
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Model domains

* 4 domains with 12500, 2500, 500, 100m resolution

« ECMWEF boundaries every 6 hours, 0.5x0.5deg

*yLand Use Categories

Land Use Categories
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Detailed urban morphology data

Land Use Categories
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Detailed soil map
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Detailed elevation data (AHN2)
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Legenda

AHM2 ruw - Blauw / Groen / Oranje
(Statische opmaak)
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Conversion of large scale input data
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- Radar data from KNMI

Header record Data record Ending record 3 tail integer

Lat&lon of radar Altitude of radar _9ate B
Name of radar

i OTAL NUMBER = 16
WMO input 2 — &4, Total # of sounding
RADAR KCYS ~ -104,806 41,152  1887.0 2015-07-07_21:00:00 5437

11
e e e e s e # ! # of elevations
FM-128 RADAR  2015-07-07_21:00200 41,165 -107.189  1887.0 3
3735,9 -888888,000 -88 -888888, 000 10,288 0 0,576 "\ :
5128.9 -888888,000 -88 -888888, 000 13,029 0 0,944 3 elevations
£870.5 -888838,000 -88 -888888, 000 8.192 0 1,229
adar FM-128 RADAR  2015-07-07_21:00:00 41,192 -107.189 « 1887.0 3
Adar inout i 3737,3 -888888,000 -88 -838888,000 10, 3
P altitude ———, 1.692 13.338_ 0 :
8. 000 8,373 :
: 41,219 ~107.189 3 Lat & lon of data
RV -89 -888358. 000 9,447 0
1,632 12.828 0

8,000 8,963 0
2015-07-07_21:00300 41,246 -107,189  1887.0
744,2 -888888,000 -88 -888888, 000 12,750 0 1,918

QC index

FM-128 RA

5129,0 -938388,000 -8 -833888, 000 15,127 0 0,948
£393,0 -938888,000 -8 -838888, 000 11,409 0 0,932
Err variance FH-128 RADAR  2015-07-07_21:00300 41,138 107,153 1887,0 3

R. van Haren. (2018, September 17). fm128 radar (Version 1.2.0). doi:10.5281/zenodo.1420223
R. van Haren. (2018, June 13). netcdf2littler (Version 1.0.0). doi:10.5281/zen0do.1288465




Urban weather data

Weather hobbyists stations

red - urban
white - rural

About 300 stations in the Netherlands, variable
quality and availability, direct transfer to Weather
Underground website

inane Landsat / Capernicus EE. ' 100 km

Urban weather data from Weather Underground: https://www.wunderground.com/



Urban weather data
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Variable quality hobby stations

Bell et al., 2005




Nudging of urban fabric temperatures

Example temperature adjustment outer wall layer

« Urban temperatures are nudged by applying
corrections on urban fabric (walls and roads).
Urban fabric has storage to preserve the effect of
nudging between 2 cycles.

* Single urban stations are not representative for

neighborhood and city scale due to local variability

* Instead we apply corrections to the temperatures

-0.8 =05 -0.4 -0.2

of walls and roads based on downward longwave Temperature amplitude wall layers

45 -

radiation and 10-m wind:

* Actual applied i:ciifﬂzf:ng::n material cl % &k \\// x\f/
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Temperature [ ° C]

properties and urban morphology of the gridcell.
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Deeper layers have a smaller correction as it is . s
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more difficult for them to lose heat. >

Ll I T T T T T T T
16,0 165 170 175 18.0 185 19.0 19.5 20.0
date July 2014



N\

Data assimilation and nudging

E—

ERA

« Data assimilation (3DVAR) for WMO and radar data boundaries

« For assimilation of radar data, volumetric radar
reflectivity and radial wind velocity is used. Clutter
removal from reflectivity and interpolated to
domain grid.

 Nudging of urban fabric temperatures using data
from weather hobbyists.

update SST and soil moisture every 6 hour

Update boundaries

Update 2 hour

S

Data Assimilation

Observations | o (WRFDA) o WRFForecast
(T. TD, P, radar)

.

Background errar

Heistermann, M & Pfaff, Th & Jacobi, Stephan. (2012). wradlib - An Open Source Library for Weather Radar Data Processing




Integration with workflow engine

synop - ESLT0028.localdomaln:43039

File View Control Suite Help

UPP autput for domain 1 ® @ O Vewl: Qe v @ 0P & FHE T v >|  View 2: None v
Frequancy =2 hours

ERAl for damain=1

Preprocessing

(WPS, real)
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Lateral
Boundane
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Forecast

(WFRF)

Processed Updated
abs. Ermor input
stats files

running to stop at 2014073172200+02 | ] (filtered:[C]) dummy-local 2015-08-09 1U9:49:52+02 48

R. van Haren. (2018, September 18). WRFpy (Version 0.2.1). do0i:10.5281/zen0do.1420918
H.). Oliver et al., (2018, May 22). CYLC (Version 7.7.0). doi: 10.5281/zenodo.1251084




General results

Verification on subset of WMO stations

1 and 2 hours after data assimilation
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Urban results - comparison with independent urban stations

« WMO + radar:
- RMSE = 1.84 °C
- Blas = -0.84 C

« WMO + radar + urban:
- RMSE = 1.25 °C
- Bilas = -0.18 2C

Location independent stations
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Results

Tooling around WRF ecosystem to facilitate setting-
up and running (long) WRF simulations with
(optional) data assimilation

* Novel approach to nudge modeled urban canyon
temperatures with quality controlled urban weather
observations

« WMO data assimilation improves forecasts
substantially in various meteorological metrics

« Radar data assimilation is challenging,
slightly/moderately better in prediction location of
precipitation

« Nudging urban fabric temperatures with citizen
weather data reduces the cold biases present in
WRF
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github: https://github.com/era-urban
resentation: doi://10.5281/zenodo.1475377
Conference proceeding: doi://10.1109/eScience.2018.00049
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