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Effects of Wind Conditions on the Bowen Ratio and Evapotranspiration in an

Oasis-desert Ecotone
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School of Environment and Energy, Shenzhen Graduate School, Peking University, Shenzhen 518055, China

Abstract: The Bowen ratio-energy balance method is one of the most commonly used methods for estimating
evapotranspiration. However, the Bowen ratio can fluctuate greatly and reduce the accuracy of estimates when it is applied to
the study of evapotranspiration in desert areas, especially at an oasis-desert ecotone. Improving the precision of the Bowen
ratio-energy balance method has become a major focus of studies aiming to accurately estimate water budgets in arid areas.
In this study, we found that wind conditions had obvious effects on the Bowen ratio at an oasis-desert ecotone. This may be
the main cause of low precision estimates from the Bowen ratio-energy balance method when used at oasis-desert ecotones. In
order to test this hypothesis, we recorded meteorological data from May 2010 to June 2012 through the Bowen ratio system at
an oasis-desert ecotone in Mingin, China. We analyzed variation in the Bowen ratio, temperature gradient, humidity
gradient, and evapotranspiration between two different heights on windy days. The Bowen ratio was lower in the middle of
the growing season than at the beginning or end of the season and fluctuated wildly between —17.3 and 16.2. On windless
days, horizontal airflow had little effect, causing small fluctuations in the Bowen ratio, and few abnormal values. Thus, the

accuracy of evapotranspiration estimates using the Bowen ratio-energy balance method was high. The daily Bowen ratio
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calculated by the method was 0.07, and the daily evapotranspiration estimate was 1.6 mm/d on windless days. However, the
temperature gradient and humidity gradient changed significantly on windy days. Temperature and humidity inversion led to
large fluctuations in the Bowen ratio, and more negative evapotranspiration estimates. In these conditions, the accuracy
evapotranspiration estimates using the Bowen ratio-energy balance method was reduced. Therefore, when using the Bowen
ratio-energy balance method to estimate evapotranspiration at oasis-desert ecotones, it is important to choose the right

measurement points and weather to avoid adverse impacts of wind.
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Fig. 1 The general situation of research area (a) Location map of study area in China, (b) Bowen ratio system
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Table 1 Information of meteorological elements

ZEHE B Tnstallation Height(m) K B Metrical Precision

WL %EE Meteorological Elements
AR B Al

L ER TS Instrument Types
225—050YA,

2.0, 1.5 + 3%, + 0.6C
Relative Humidity And Temperature NOVALYNX, USA ’ =%,
[ 7K it Precipitation 7852M-AB, DAVIS, USA + 0.2 mm
KA Wind Speed And Direction 200-WS-02, NOVALYNX, USA + 0.2m/s, + 3°

KB ESE S Solar Radiation PYP-PA, APOGEE, USA 10—40 wV/W/m?
PIRCE RV e

SOA-S, APOGEE, USA 2 3
Photosynthetically Available Radiation Q ’ ’ <3 %
i St Net Radiation 240—100, NOVALYNX, USA 2 <4 %
PG B Soil Heat Flux HFPO1, HUKSEFLUX, USA -0.05, -0.02 50 pV/W/m?
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Fig. 2 Daily wind direction frequency at 10 m for different seasons. The length of each arm represents the percentage frequency of wind
from that direction. The straight lines represent wind direction, the circles represent wind direction frequency
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Fig. 4 Diurnal variation of Bowen ratio () from 2 to 3 September, 2011. Bowen ratio is 10 min ensembles
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Fig. 7 Diurnal variation of temperature, relative humidity at 2 m, temperature gradient, relative humidity gradient between 1.5 and 2 m,

hourly wind speed at 2 m from 25 to 26 July 2010. Wind speed is 1 hour ensembles, other data are 10 min ensembles
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Fig. 9 Diurnal variation of temperature, relative humidity at 2 m, temperature gradient, relative humidity gradient between 1.5 and 2m,

hourly wind speed at 2 m from 27 to 28 November, 2010. Wind speed is 1 hour ensembles, other data are 10 min ensembles
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