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Abstract: Water, heat, and carbon cycle of the terrestrial ecosystems are the core of the matter and energy cycle in the
land surface system. The direct measurement of land surface water, heat, and carbon fluxes at the regional scale has always
been a hotspot and a gordian knot in the study of the ecosystem flux observation and simulation. Airborne eddy covariance
flux measurement method can directly measure ecosystem fluxes at the regional scale. The unmanned aerial vehicle (UAV) -
based eddy covariance flux measurement has the advantages of regional coverage and economy flexibility, and is the latest
development direction of the airborne flux measurement method. This study firstly introduced the basic technical principle,
observation characteristics, and the system construction of the UAV-based flux measurement system. Then, a comparison
experiment between UAV and ground flux measurement was carried out over a typical homogeneous surface. The performance
of the UAV-based flux measurement system was preliminarily evaluated by spectral analysis, fluxes comparison, and
footprint analysis. The results show that the UAV-based flux measurement system could effectively sample the high-frequency
turbulence signals. The turbulent fluxes measured by UAV were basically consistent with those measured from ground.
However, compared with ground measurements, the UAV underestimated the sensible heat and CO, fluxes and
overestimated the latent heat fluxes and friction velocity. The main potential reasons causing the mismatching between the
UAV and ground fluxes measurements are attribute to the effects including the differences in measurement platform and
instruments, vertical flux divergence, atmospheric boundary layer condition, and the differences in footprint areas as well as
the influence from surface heterogeneity. At last, we proposed the future work to promote the study and the application of the

UAV-based flux measurement in the relevant fields.

Key Words: ecosystem fluxes; eddy covariance method; unmanned aerial vehicle; regional scale
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Fig.1 The typical flight patterns for the regional or watershed application using airborne flux measurement
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Fig.2 The system integration diagram of the UAV-based flux measurement system'>*!

GPS. 2FRE 25 Global Positioning System;lNS;‘Iﬁ‘# S ER S0 Inertial Navigation System;UAV;?ﬁ}\%i—ﬂE Kf7#% Unmanned Aerial Vehicle

TC ML B AH 38 UL 28 Ge A e N A 2 e &l 3 iR Y B A ML K K E i 60 kg, A
AT 10 kg, CATBTBER VRIS 4R/ N T 2 h (A A ] ST B2 100—130 km/h, e K AT
B 3500 m, ATAE 6 S LU RUgee A7, ALEk S FLim i iR s (42 A s BHVR BE 1T ) W E AHLBR IR B & e T
TEAMUIHLKL T I, 1 AT 43.3 cm , AN SZ AL 5] PRl 9 47 W 20 52 0 1) 25 35 FF B X 140 H, 0/C0, ik

http ; //www.ecologica.cn



9314 xR 24

AT 3o B R 2226 T ALk T 5 s GPS/INS FOM I SR e T o ABL I B A, SR I XUR 2k 5 1) 7
AORAR FEAL I ADERL , ER) GPS KL LRI AT, LR KT 1 m R A2 TR
et A BRSNSk B R LR T T O N BT, O THZIC AL & W 22 58 1 TE40
M B 57 Sun 55 (IR S0, A SUR R IA

F1 TANBERNRETENENNLBENE S REFE DEREERBERER

Table 1 The model, sampling frequency, function and measurement precision of the scientific payload instrumentations!?*’
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Fig.3 The picture of the UAV-based flux measurement system and the internal structure!*]
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Table 2 Summary of the flights used in this study

N . RS Xof 45 X XL Al
TR T S . T
length/km height /m (m/s) direction/ (°) temperature/K
12-09 15.53.27—16:13.58 COM1 42.2 90 1.08 42.25 280.62
12-10 12.04.55—12.25.52 COM2 41.8 88.6 3.63 324.2 281.26
12-10 15.:59.05—16.:20.09 COM3 42.3 91 0.71 332.18 280.99
12-12 13.00.14—13.21.21 COM4 42.5 97 1.53 294.58 281.97
12-12 15.:22.46—15.43.40 COMS5 42.2 96.6 1.37 199.38 282.35
12-15 10.:43.43—11.05.25 COM6 42.1 95 5.7 317.74 273.37
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Table 3 The comparison of the fluxes results between the ground and UAV over the typical UAV flights, and the statistics of the footprint

weight of the main land cover type in the area of the UAV footprint region

To AU 2 H ] A R B

Footprint weight of the main land cover type

iR SUMILEE N

Results of fluxes measurement

R A in the footprint area
Identification Platform e 3
Fe/ H LE/ I A Sk ik
N N N Phragmites Winter
(pmol/m*/s) (W/m*) (W/m*) . Water
australis wheat
coM2 Hib 1y -2.51£2.01 153.39£25.51 53.76+7.85 0.54 0.23 0.18
UAV -5.47+0.37 80.07+8.51 69.00£12.60
COM4 Hib T -0.16£1.13 102.12+14.75 39.72+6.66 0.84 0.03 0.08
UAV -2.55+1.57 62.82+9.76 54.16+21.00
COM6 Hib 17 -2.20£2.10 190.48+28.77 34.69+5.30 0.50 0.24 0.19
UAV -4.07+£0.93 92.04+37.41 50.32+15.91

Fc:CO, il CO, flux; H . J&IGE i sensible heat flux; LE : I #GE i latent heat flux; UAV . EAZ 3 KAT#S Unmanned Aerial Vehicle
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