Impact of urbanization on preciptation with
different strength
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Changnon et al., 1981; Bornstein and Lin, 2000; Thielen et al., 2000; Wang et al., 2012; Shepherd et al., 2002;
Shepherd and Burian, 2003; Yang et al.,2012
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The surface roughness is increased by urbanization, leading to enhanced convergence; Destabilization is increased in the
boundary layer; Precipitating systems are bifurcated or diverted by the urban canopy or related processes ; Increases in
aerosols associated with urban land use lead to change in cloud condensation nuclei (CCN) sources
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2m temperature and 10m wind 1600-2300LST 7t Aug 2015
Convergence lines (local influence system) by Nourban test
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The urban induce the precipitation Urban makes the sensible heat flux increased
obviously increased in downstream of which leads to the gradient of temperature and
suburban area and little increased in wind increasing in suburban area. When the
upstream suburban area. rainfall system reached, the convergence is

enhanced in downstream of urban area.
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Difference between RUC and RUC_Nourban test: accumulated precip from 16-23
LST(left), Sensible heat flux and uv (850hpa) average from 08-12L.ST(right)
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Main influence system : Upper Trough and convergence line
RUC model forecast shows a very well performance for this case
The impact of urban on precipitation:

1. Increasing the precipitation on downstream of urban.

2. Extending the time of the precipitation.

The possible mechanism of urbanization on precipitation

" Gradientof ) Convergence
Urban land ) sensible heat flux, Ii_nes_/Wind shear Vg/ater \t:?%or
use type temperature and line in suburban rOE[J_g ty
wind is increased area SYNOPLIC System

kin suburban area Y,

EE—— : The two system
Precipitation increases in suburban ( merged and
area (downstream for this case) enhanced

Yu, M etal. 2017, JGR
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Microphysics Options: @Lin; @WSM6; @Thompson
PBL Physics Options: QYSU; @MYJ; @Boulac
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Global Ensemble Forecast System (GEFS) data including one control run and 20 members
used and downscale to the 6km in uncertainty study for initial fields.

21 Tests for Role of initial fields using Urban land use maps (UEI)
21 Tests for Role of initial fields using Nourban land use maps (NUEI)
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MY]

Boulac

Results

» Circles = BeijingRing Roads

» Boulac PBL: best for all MP
schemes

» Thompson MP: best

> Stats: next slide

39.3 7
41 St _
40.5 ,‘ e
Thompson > '
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Results: Accumulated precip (mm) model vs. obs, 16-23 LST, 7 Aug
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* Bias (mm) & Threat score (TS, % correct at amounts > 0.1-50 mm)
* Boulac PBL (T3,6, 9) & Thompson MP (T7-9)

A
Bias 438 424 474 4.40 4.31 4.52 4.35 4.26 4.12
1S>0.1 7707 7819 8069 80./73 7811 80.10 79.26 79.26 80.70

A\ 4

TS>10 467 5.1 4.08 8.79 9.72 1.27 10.12  10.80 12.75
TS>25 090 020 047 1.73 0545 1.67 2.45 4.67 9.38
1S>50 O 0 0 0 0 0 0 0 1.55

» Results: not much variation in bias

The bias was not be improved by MP and PBL schemes
» Bias (about 4 mm) is small (about 16%), as mean is about 25 mm
» TS for capturing precip-occurrence: uniformly good at about 80%
» TS for correctly capturing higher accumulations: not good, but
BoulLac PBL & Thompson MP together (test 9) is best (only combo
to capture any extreme events)!

A\
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ensemble-mean & spread of precipitation

=4 (b)

Urban test Non-Urban test Urban-impact ~ Spread

000000000000

Results show that downwind urban max has

» Strongest ensemble mean (increased pp) signal
(good result)

» Largest spread: ensemble means that mean is safe--
than guessing which result is best
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Control 3.94 -2.12 0.24 1.28 9.18 3.17 3.30 2.97
EM_mean -1.15 -2.02 0.13 1.21 8.51 3.14 2.77 2.46

Threat score (TS, % correct at amounts > 0.1-50 mm)

-

TS>0.1 80.07 80.00
TS>10 12.75 9.90
TS>25§ 9.38 4.26
TS>50 1.55 0

» Bias & RMSE: obviously improved by ensemble mean

» TS for capturing precip-occurrence: uniformly good at about 80%

» TS for correctly capturing higher accumulations: not good, CTL is
better than ensemble mean
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Uncertainty of the MP schemes was greater than that of the PBL schemes for rainfall
forecasting

Bias and RMSE are obviously improved by ensemble mean.

The uncertainties of the forecasting temperature and wind field were smaller than the
uncertainty in precipitation. The ensemble mean can significantly improve the
, although some signals of extreme rainfall may be weakened.

Studies of urban impact on rainfall without ensemble runs probably overestimate
urbanization effects on rainfall (by about 100% because of model uncertainty). The
ensemble approach made the spatial distribution of the urban impacts more obvious,
although the magnitude was reduced.

* The ensemble mean was valuable in forecasting and studying the impact of urban land
use because there was a positive correlation between precipitation and its spread.
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Urban impact
characteristic

Total precipitation

Sensible heat flux and
wind field

Temperature

IR A ISR PR S AYSHE RO IE

Probability distribution
of precipitation intensity

Moist enthalpy Vertical velocity

Heavy Increases the Increases frequency of Sensible heat flux The2m The enthalpy Vertical velocity
rainfall precipitation in precipitation greater than gradient increases with temperature is increases in urban and Increases in the
urban and 6 mm cyclonic circulationin  greater than 32°C,  suburban areas, and urban area
downwind areas suburban areas and the UHI there are obvious
intensity is greater  differences between
than 2°C urban and rural areas
Moderate Increases Increases frequency of Sensible heat flux The2m The enthalpy No significant effect
rainfall precipitationin  precipitation greater than gradient increases with temperature is increases in urban
downwind 4 mm cyclonic circulationin  greater than 30°C, and suburban areas,
suburban areas suburban areas and the UHI and there are obvious
intensity is differences between
approximately 1.5-  urban and rural areas
2°C
Light Urban impacton  No significant effect Sensible heat flux The2m The difference in wet  No significant effect
rainfall precipitation is not gradient increases, but temperature is enthalpy of the

obvious

there are no obvious
features in the wind
field

greater than 25°C,
and the UHI
intensity is
approximately 1.5-
2°C

suburban area is small

Yu M et al. 2019 TAC
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Region Cases Synoptic Condition Factors Urban-impact References
Beijing 2003 convective cloud land cover change precipitation become more Guo et al., 2006
0604 system concentrated and intensified
Beijing 2006  weak synoptic forcing land cover change, rainfall become more locally Miao et al., 2011
0801 anthropogenic concentrated
heat
Beljing 2008 cold frontal system land cover change  modify the precipitation distribution; Zhong and Yang,
0627 enhance the maximum intensity 2015
Belijing 2012  vortices, troughs, cold land cover change, Enhance urban and downwind Yu and Liu, 2015
0721 fronts, low-level jets anthropogenic precipitation; spatial distribution
heat become more concentrated
Beljing 2012 the same as above land cover change  weak (recent high urban development  Wang et al., 2015
0721 caused no
significant change of precipitation)
Beijing 2016 cold vortex, low - anthropogenic dispersion (suppressed precipitation Guo et al., 2019
0719 level jet and monsoon aerosol Intensity)
system emission
Xiong’an 2016 the same as above land cover change convective activity increased and Xing et al., 2019
0720 rainfall in downwind area enhanced)
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Region Cases  Synoptic Condition Factors Urban-impact References
Yangtze 2003 southwesterly monsoon land cover change rainfall slightly increase in the downwind Wan et al., 2013
River Delta 0705 of the city belt and decrease in the upwind
Yangtze 2006 strong winds and large land cover change, dispersion (suppresses precipitation) Zhong et al., 2017
River Delta 0724 spatial convergence aerosol emission
Yangtze 2006 weak synoptic forcing land cover change, enhances the convergence of Zhong et al., 2017
River Delta 0702 aerosol emission moisture fluxes; aggregation
Shanghai 2014 convective process land cover change precipitation become more Zhang et al., 2017
0913 concentrated
Guangzhou 2017 slowly evolving synoptic  land cover change aggregation (but in a lesser extent than Huang et al., 2019
0710 conditions with synoptic
continuously transported and topographic effect)
moisture
Yangtze 2017 convective cloud system anthropogenic precipitation become more Liu et al., 2019
River Delta 0710 aerosol concentrated; the central value becomes
emission stronger
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