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Characteristics of surface albedo in subtropical paddy rice fields

BAI Xinxinl, HUANG Xiaolinl, QIN Mcngshengl, ZHANG Yuefangz, CHEN Liugenz, Guo Zhiz, HAO Lu'™

(1. Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing University of Information Science & Technology, Nanjing 210044,
China; 2. Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: As a key input parameter of numerical climate models and surface energy balance equations, surface albedo affects
climatic systems on the earth. Data observed on rice paddy surface albedo not only better depict energy distribution between ground
and atmosphere in paddy fields, but also provide more accurate parameter values for land surface models. It also provides
authentication for remote sensing inversions of surface albedo and therefore better explains the effects of land use/cover change
mechanism on global climate change. Using CNR4 measured surface albedo in paddy fields at Lishui Experiment Station in 2016,
we analyzed the characteristics of surface albedo of paddy field. In the study, we combined the analysis of surface albedo with
temperature, humidity, wind speed, wind direction and other meteorological data. Some other possible factors affecting surface
albedo in paddy fields were also analyzed. The correlation coefficient between surface albedo and temperature reflected the effect of
land surface albedo on temperature. The correlation between surface albedo and meteorological factors (e.g., humidity and solar
radiation) was used to study the relationship among surface albedo, temperature and humidity. The results showed that surface albedo
had a U-type of distribution for sunny days, which was lowest at noon, highest in the afternoon and morning, but also affected by

precipitation. Surface albedo on sunny days was asymmetrical, which was mainly caused by dew, wind speed and wind direction. As
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actual air temperature was close to dew point temperature at night, more dew settled on leaves in the morning. When solar altitude
angle was small, the scattering effect of dew resulted in higher surface albedo in the morning than in the afternoon. When solar
altitude angle was high, dew on leaf surfaces gradually evaporated. Southwest winds influenced the tilting of crop leaves, resulting in
higher surface albedo in the afternoon than in the morning. Surface albedo was higher on sunny days than on cloudy and rainy days.
The correlation coefficient between surface albedo and outgoing shortwave radiation was highest (0.670, P < 0.01) on sunny days,
while the correlation coefficient between surface albedo and relative humidity was highest (-0.480, P < 0.05) on cloudy days. The
trend in surface albedo during the growing season initially increased and then decreased. Surface albedo was highest during
grain-filling to mature stage of rice and was lowest during transplanting to tillering stage. The correlation coefficient among surface
albedo, humidity and shortwave radiation for rice growing season was high. Also the correlation coefficients between surface albedo
and temperature, and then between humidity and shortwave radiation were not the same for different growth stages. During
grain-filling period, the correlation among surface albedo, solar shortwave radiation and humidity was more significant, all above P <
0.01 significance level. Surface albedo changed greatly at tillering and jointing stages, and were significantly affected by climatic
factors.

Keywords: Rice paddy field; Surface albedo; Growing season; Asymmetrical; Meteorological factors
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Table 1 Monthly means of meteorological factors in 2016 and averages from 1985-2015 in the study area of Lishui

A4 Month T3 Average Temperature (C) FIIHIXHESE Relative humidity (%) [#7K & Precipitation (mm)
PP PP B 144
Average from 1985 to 2015 2016 Average from 1985 to 2015 2016 Average from 1985 to 2015 2016
1 3.0 29 75.8 — 524 73.8
2 5.3 74.9 67.3 16.6
3 9.7 10.7 73.3 — 97.8 29.7
4 159 16.9 71.4 — 87.5 180.3
5 213 19.9 722 77.9 101.8 167.1
6 249 247 77.1 84.6 189.0 408.7
7 28.5 29.6 78.6 83.1 188.4 531.4
8 27.7 30.3 80.4 75.8 149.3 74.0
9 23.4 24.4 79.2 81.8 75.5 389.0
10 17.9 18.9 75.6 88.5 533 2723
11 11.4 12.1 75.4 — 54.9 50.5
12 53 8.0 74.0 —_ 33.7 65.4
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Fig. 1 Surface albedo of paddy fields in typical sunny days (month-day) in different growth periods of rice
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Fig. 2 Surface albedo asymmetry of paddy fields in typical sunny days in different growth periods of rice
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Fig. 4 Daily dynamics of wind speed of paddy fields in typical sunny days in different growth periods of rice
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Fig. 8 Precipitation during rice growing season
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Table 2 Correlativity between albedo and temperature, humidity and shortwave radiation in different weather conditions

KA TiH piot-a NIRRT A RS AR AE
Weather Item Temp Rs i i Rs i Relative humidity
%X Sunny day Hi3 2% Correlation coefficient 0.302 0.218 0.67" -0.29
(n=25) P 0.142 0.296 0 0.159
BIK Cloudy day  #{5< &% Correlation coefficient 0.302 0.257 0.441" -0.48"
(n=21) P 0.057 0.26 0.045 0.028
FYR Rainy day HIFKEFREL Correlation coefficient -0.232 0.053 0.24 -0.273
(n=35) P 0.179 0.761 0.164 0.113

*RI* 5 IR AE 95%H1 99% H {5 X A 3 M. * and ** represent significant correlations at 95% and 99% confidence intervals, respectively. Rs is
shortwave radiation.
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Fig. 9 Changes of surface albedo and temperature in paddy field during the observation period
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Fig. 10 Changes of shortwave radiation (Rs) and surface albedo of paddy fields during the observation period
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Table 3 Correlativity between albedo and temperature, humidity and shortwave radiation of paddy fields in different growth periods of rice
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