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Comparative analysis of sensible heat flux observed by large aperture scintillometer and
eddy-covariance system in Nanjing. WANG Liang'”, HU Ning"’, WANG Yong-wei'?,
WANG Lu-yao'?, ZHAO Xiang"?, LIU Shou-dong'* (' Collaborative Innovation Center on
Forecast and Evaluation of Meteorological Disasters, Nanjing University of Information Science &
Technology, Nanjing 210044, China; *Yale-NUIST Center on Atmospheric Environment, Nanjing
University of Information Science & Technology, Nanjing 210044, China).

Abstract; Turbulence is one of the key processes for energy exchange between land surface and
atmosphere. Accurate observation on turbulent fluxes has been an important issue in the resear-
ches on urban boundary layer. Based on simultaneous observation of a large aperture scintillome-
ter (LAS) and an eddy covariance system ( EC) installed in the campus of Nanjing University of
Information Science and Technology, we compared sensible heat flux measured by those two sys-
tems. The effects of underlying surface heterogeneity on the sensible heat flux were analyzed com-
bined with the normalized vegetation index (NDVI) and the normalized building index (NDBI).
The results showed that LAS and EC had a good correlation (R*=0.76) , with a regression slope
of 0.95. During the daytime, sensible heat flux obtained from LAS was larger than that by EC,
and their difference varied between 18.8 and 39.4 W - m™. At night, both of them fluctuated
around zero, and the difference varied between 4.8 and 28.7 W + m™>. On the monthly scale, the
difference between LAS and EC was the largest in August, followed by July and April, and the
least in June. The difference attributed to the different footprints caused by the changes of wind
direction. NDVI in the footprint was negatively correlated with sensible heat flux to net radiation
(k=-0.34, P<0.05). NDBI in the footprint was significantly positively correlated with ratio of
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sensible heat flux to net radiation (k=1.15, P<0.05).

Key words: large aperture scintillometer ( LAS) ; eddy covariance (EC) ; sensible heat flux;

heterogenous underlying surface; footprint.
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Fig.1 Instrument location distribution at the test site
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Fig.4 The average daily variation of sensible heat flux and net radiation measured by LAS and EC in April, June, July and

August in 2018
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B, H, 1 H P RER R 1.03, B LAS 2y 1 EC
Ffh 3%, FEY)— TFHE AT, A R LR
i R O [A] FJE B AT #RRAE— 2, PR
JEARIE HE R AR /N LR AT LB H T H 1
ZESEOUCRIE T P AU =22 [H] 1 R GE 15 25 , 0 i
AR Z R GERZE R 3%,

AR M SR SR A T H I L
FEARANR B — R S B, PRI 2% 22 [E] 1Y

SRS TS TR, £ 1 W, H I H 1Y
BERIE 1.04 ~ 1,17, 0 A 0 R4S 25 00 0 &5 21 11 22 57
M 4% ~17% , HTAEA T I R GRZE TR E,
AT LB B SR 2 18] 1 R AR 224150 3% , % W
MZE S0 22 A0k RGIR 2 R AAFAE 1% ~ 14% 11
5 R 2GRy 22 Sk 2ok [ T8 R X T R

2R, U, A58 T H o 1 Hyo B8R R
1.16, Bl = #1922 5K 16% , Hrf 39% 23k [ T Hifp
IERZ A R G IR 22, T T 13% 2 Tl 2R X
() I 25 53 L
3.3 3 R DO A Y R

WA R R, AT N, H o F1H—B0h
B, — BB LAS A1 EC 3 & 5 X
SEARH R (144°£45°) BYIE O, 42 KUn] fy 54° £45°
ML, — SR ZE A Z LAS fl EC E2 A EE
(324°+45°) AH L, IS XUTa) A 234° £45° AE L,
X 5IMRES (2016) TEAB M HLIX 1S 2N AY H, 5 H,.
— R AR S I X B R A A e 25
o ORI AEH N m IR M B BT EAR AT,
T HH SRS H R H 5 WRAR /N | I B 00 22 53



T SR M AR AR N RS 18 Sl R DG ASURR A LI e

323

F1 ARETREEXOEZNKNLFRERXEHNRABEEXENEER

Table 1 Comparison of sensible heat flux correlation between large aperture scintillometer and eddy covariance method of

different underlying surfaces

AR ARE WFoE b b A 75 2 A A2/ T RRER R?
Underlying surface Locations Land covers Fitting formula/
features Average slope
¥ —Edy FEAS T Naqu( PMRIESE, 20165 XIAR  HFEEM y=1.00x(EC,) 0.67
High 4 2010) Alpine meadow y=1.05x(EC,) 0.79
homogeneity ZE[# USA (Kleissl et al., 2009) HiHl BEARM Grassland, bush y=1.04x 0.84
Jin4H Ghana/ Tamala( Schiittemeyer et al., 2006) ¥ Grassland y=1.07x 0.87
HEVPGAF Mexico( Hoedjes et al., 2002) & Hl Farmland ¥=0.98x 0.94
25 P4 A Mexico( Watts et al., 2000) W Grassland y=1.02x (k= 1.03) -
Y — g fif 2 Netherlands ( Meijninger et al., 2002) A IRA T y=1.16x 0.8
Poor Agricultural mixed surface
homogeneity F8[E Germany ( Meijninger et al., 2006) A B SE IR A T T y=1.15x 0.8
Mixed surface of farmland and grassland
Jin 44 Ghana/Ejura ( Schiittemeyer et al., FRAEARIE ST H A y=1.05x -
2006) Mixed surface of fruit trees and bushes
Y [FE B35 Swindon( Ward et al., 2014) IR AT 7 T R ARGk 53% y=1.04x 0.87
Suburbs, vegetation cover of 53%
K Lishui( Zhang et al., 2015) S I B y=117x(k=1.11) 0.47
Sparse buildings and vegetation
St YL £ 3K London ( Crowford et al., 2017) HEREESSE - 0.5
High Intensive towering buildings
heterogeneity WP 9% Lodz( Zielinski et al., 2018) AFELE ,{H%E*ﬁ y=1.11x-15.6(EC,) 0.84
Intensive but height—consistent buildings y=1.15x-18.1(EC,) 0.88
H [ H M Changzhou ( Zhang et al., 2015) SRR AH 2 — 3K y=1.14x 0.82
Consistent space between buildings
1 E R 5T Nanjing(AHF5Y) AREEA—, RBEKZ b Lk y=0.95x+26.8 0.76
Various heights of buildings, large propor- y=1. 16)5(%: 1.14) 0.67

tion of impervious layers

) KRR XS, M b X T
SE AR H MR SRS A B IR IX A (H
P DX N AR 8T FOR TR, BIr LR 8 H, 5 H,
— M2, R, 3l b X AN S R IR X S A
AN | WAITELRA TR R X P b 49 2 780 %o Ja A3
EOp-ALTN

TEIR T AR S RS v AR ) TR A 2 T b 3R g
3O R B A B 2 Y R ( AR 42009 5 Subhanil
et al.,2018) . R SCF|FH NDVI 5 BOk Ay I8 X 4 L
P R MR, A5 AR, YR X ) NDVI
R, Hb 2 R B o s A T 22 B h Ol i ARG
B, X 5IMEIESE(2016) 7635 #hH X 18 58 45
—5, AN, ABFFTRH NDBI 4850k BE, 3k i1 25 45
FREE 5 PGl i Z AR 0 IEAH GG R, X 5
Ward 45 (2014) Crawford %5 (2017) BT IR IX N
AR AT B S5 8 25, (A& R X Y NDBI
Z 225 EREE I Z MW IEA KR R LT/ #H
EIETEN

B T3 i X 8 CH R AR DR S X AN R R, H
MR EE P FAEABR AR % &, LA KSR B
K A R LA ROK VR R 22 (R AR

85,2017 ) X PR A AR B HRGE 52, AN, H
FH A0 — B R 22 | AT o M 0 R VR AS B A
DRI, A SR 8L T ik 45 DR 28 X6 JR A3 {1 A4 5% T e 2%
TR 5 EHGE LA R PG AN IR AR A
BRBSCE A 8] 13 M I8 A SE 288, B AR TS Ik
T b, DX o 1 JER A A

4 4 g

AW R T R 50 B TR R W 5 2018 4F
4 J .6—8 HRHENIRAL(LAS) 58 EHC RS
(EC) [R5 XL g it e JebA i e 4500, b b T — 3
15 B AGE R 25 5%, 745G NDVI #1 NDBI 3% /848
M T R IR AR SR T H N H
SESLZRWT, PRSI A5 A B G B H AR h R H It
AR HAH RS (R =0.76) , UL BRI 7E T #4
TS5 T PR 5 Y T B X LAS UL B 45 1 7T 5 ) SR
POl R, H, A Hy H AR BRI 38 e [H —
W2 EAEEARR, HEA H HH, H2~3h
IREIEAE, W5 e H S Ho R 29 2 h AR R
B, H A H B —8bE e 22 R H T R KSR
SE JIE G B s 180 Bt 25 0 B AR AR A K H G
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TERSE FERAIME O, H R b H, 5 Hy BIZEMH
8 Ak, kol 7.4 H,6 Hf/h, Mol it i AY i
R XA FZG R H, FHy 22 50 E 2R 8
RN A NDVI{E O, B & 5 e 4 2 1
/)y, 5 0 ARG (P<0.05) s NDBI fREEOK,
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(P<0.05),
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