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                    Abstract
Although quality assurance and quality control procedures are routinely applied in most air quality networks, outliers can still occur due to instrument malfunctions, the influence of harsh environments and the limitation of measuring methods. Such outliers pose challenges for data-powered applications such as data assimilation, statistical analysis of pollution characteristics and ensemble forecasting. Here, a fully automatic outlier detection method was developed based on the probability of residuals, which are the discrepancies between the observed and the estimated concentration values. The estimation can be conducted using filtering—or regressions when appropriate—to discriminate four types of outliers characterized by temporal and spatial inconsistency, instrument-induced low variances, periodic calibration exceptions, and less PM10 than PM2.5 in concentration observations, respectively. This probabilistic method was applied to detect all four types of outliers in hourly surface measurements of six pollutants (PM2.5, PM10, SO2, NO2, CO and O3) from 1436 stations of the China National Environmental Monitoring Network during 2014–16. Among the measurements, 0.65%–5.68% are marked as outliers, with PM10 and CO more prone to outliers. Our method successfully identifies a trend of decreasing outliers from 2014 to 2016, which corresponds to known improvements in the quality assurance and quality control procedures of the China National Environmental Monitoring Network. The outliers can have a significant impact on the annual mean concentrations of PM2.5, with differences exceeding 10 μg m−3 at 66 sites.


摘 要
 环境空气质量监测网是了解空气质量最直接重要的渠道, 也是众多大气污染研究的关键数据来源. 但由于仪器故障, 恶劣环境和测量方法等原因, 异常数据时有发生, 给大气污染研究和管理带来严峻挑战. 针对这一问题, 本文设计了一种全自动异常数据识别方法. 该方法使用低通滤波, 空间回归等方式拟合监测数据, 通过拟合残差的分布特征计算残差概率, 将小概率的数据识别为异常数据. 依据监测数据的异常特征, 将异常数据分为四类: 时空一致性异常, 小变化异常, 周期性异常, 颗粒物倒挂异常. 针对不同异常特征, 设计相应的拟合估计方法对异常进行有效识别. 本文利用该方法对2014–2016年全国1436个国控站点六项常规污染物(PM2.5,  PM10,  SO2,  NO2,  CO 和 O3)监测中的异常数据进行了识别分析. 结果表明, 六项污染物的异常数据占比为 0.65%–5.68%, 其中 PM10 和 CO 的异常数据比例最高, 异常数据在 66 个站点导致的 PM2.5 的年均浓度超过 10 μg m−3. 此外, 也发现2014至2016年间各污染物的异常数据比例呈现逐步下降的趋势, 表明监测技术和管理水平在不断提升.
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