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Lightning and subvisible discharges produce molecules that clean the atmosphere by Pennsylvania State University
闪电和微弱的放电产生可净化大气的分子
由 美国宾夕法尼亚州立大学
 



Nitrogen, oxygen and water vapor molecules are broken apart by lightning and associated weaker electrical discharges, generating the reactive gases NO, O3, HO2, and the atmosphere's cleanser, OH. Credit: Jena Jenkins, Penn State
氮，氧和水蒸气分子被雷击和相关的较弱的放电破坏，产生反应性气体NO，O3，HO2和大气清洁剂OH。图片提供：宾州州立大学Jena Jenkins


Lightning bolts break apart nitrogen and oxygen molecules in the atmosphere and create reactive chemicals that affect greenhouse gases. Now, a team of atmospheric chemists and lightning scientists have found that lightning bolts and, surprisingly, subvisible discharges that cannot be seen by cameras or the naked eye produce extreme amounts of the hydroxyl radical—OH—and hydroperoxyl radical—HO2.
闪电将大气中的氮和氧分子分解，并产生影响温室气体的反应性化学物质。现在，一个由大气化学家和闪电科学家组成的团队发现，闪电和令人惊讶的照相机或肉眼无法看到的亚可见放电会产生大量的羟基自由基-OH-和氢过氧自由基-HO 2。


The hydroxyl radical is important in the atmosphere because it initiates chemical reactions and breaks down molecules like the greenhouse gas methane. OH is the main driver of many compositional changes in the atmosphere.
羟基自由基在大气中很重要，因为它会引发化学反应并分解诸如温室气体甲烷之类的分子。 OH是大气中许多成分变化的主要驱动力。


"Initially, we looked at these huge OH and HO2 signals found in the clouds and asked, what is wrong with our instrument?" said William H. Brune, distinguished professor of meteorology at Penn State. "We assumed there was noise in the instrument, so we removed the huge signals from the dataset and shelved them for later study."
“最初，我们查看了在云中发现的巨大的OH和HO2信号，并问我们的仪器出了什么问题？”宾夕法尼亚州立大学杰出的气象学教授威廉·布鲁恩（William H. Brune）说。 “我们假设仪器中存在噪音，因此我们从数据集中删除了巨大的信号，并将其搁置以备后用。”


The data was from an instrument on a plane flown above Colorado and Oklahoma in 2012 looking at the chemical changes that thunderstorms and lightning make to the atmosphere.
数据来自2012年在科罗拉多州和俄克拉荷马州上空飞行的飞机上的仪器，观察雷暴和闪电对大气的化学变化。


But a few years ago, Brune took the data off the shelf, saw that the signals were really hydroxyl and hydroperoxyl, and then worked with a graduate student and research associate to see if these signals could be produced by sparks and subvisible discharges in the laboratory. Then they did a reanalysis of the thunderstrom and lightning dataset.
但是几年前，布鲁恩（Brune）拿走了现成的数据，发现信号确实是羟基和氢过氧化物，然后与一名研究生和研究人员合作，研究这些信号是否可以在实验室中由火花和不可见的放电产生。然后他们对雷暴和闪电数据集进行了重新分析。


"With the help of a great undergraduate intern," said Brune, "we were able to link the huge signals seen by our instrument flying through the thunderstorm clouds to the lightning measurements made from the ground."
布鲁恩说：“借助一个出色的本科生实习生，我们能够将我们的仪器穿过雷暴云时看到的巨大信号与地面的闪电测量结果联系起来。”


The researchers report their results online today (April 29) in Science First Release and the Journal of Geophysical Research—Atmospheres.
研究人员今天（4月29日）在线发表在《科学》第一版和《地球物理研究杂志—大气》上。


Brune notes that airplanes avoid flying through the rapidly rising cores of thunderstorms because it is dangerous, but can sample the anvil, the top portion of the cloud that spreads outward in the direction of the wind. Visible lightning happens in the part of the anvil near the thunderstorm core.
布鲁恩（Brune）指出，由于危险，飞机避免飞过迅速上升的雷暴核心，但可以对铁砧取样，铁砧是沿风向向外扩散的云顶。可见的闪电发生在雷暴核心附近的铁砧部分。


"Through history, people were only interested in lightning bolts because of what they could do on the ground," said Brune. "Now there is increasing interest in the weaker electrical discharges in thunderstorms that lead to lightning bolts."
布鲁恩说：“纵观历史，人们只对雷电感兴趣，因为他们可以在地面上做些什么。” “现在，人们越来越关注雷暴导致雷电的弱电放电。”


Most lightning never strikes the ground, and the lightning that stays in the clouds is particularly important for affecting ozone, and important greenhouse gas, in the upper atmosphere. It was known that lightning can split water to form hydroxyl and hydroperoxyl, but this process had never been observed before in thunderstorms.
大多数闪电永远不会撞击地面，而留在云层中的闪电对于影响高空大气中的臭氧和重要的温室气体尤为重要。众所周知，闪电可以将水分解成羟基和氢过氧化物，但是在雷暴天气中从未观察到这一过程。


What confused Brune's team initially was that their instrument recorded high levels of hydroxyl and hydroperoxyl in areas of the cloud where there was no lightning visible from the aircraft or the ground. Experiments in the lab showed that weak electrical current, much less energetic than that of visible lightning, could produce these same components.
最初使Brune团队感到困惑的是，他们的仪器在云层区域记录了高水平的羟基和氢过氧化氢，从飞机或地面看不到闪电。实验室中的实验表明，弱电流（产生的能量比可见闪电的弱得多）可以产生这些相同的分量。


While the researchers found hydroxyl and hydroperoxyl in areas with subvisible lightning, they found little evidence of ozone and no evidence of nitric oxide, which requires visible lightning to form. If subvisible lightning occurs routinely, then the hydroxyl and hydroperoxyl these electrical events create need to be included in atmospheric models. Currently, they are not.
虽然研究人员在雷电不明显的地方发现了羟基和氢过氧化物，但他们几乎没有发现臭氧的迹象，也没有发现一氧化氮的迹象，而这需要形成可见的闪电。如果常规情况下会发生亚可见闪电，则这些电事件产生的羟基和氢过氧化物需要包含在大气模型中。目前，它们还不是。


According to the researchers, "Lightning-generated OH (hydroxyl) in all storms happening globally can be responsible for a highly uncertain but substantial 2% to 16% of global atmospheric OH oxidation."
研究人员称，“全球范围内所有风暴中闪电产生的OH（羟基）可能是造成高度不确定但占全球大气OH氧化的2％至16％的原因。”


"These results are highly uncertain, partly because we do not know how these measurements apply to the rest of the globe," said Brune. "We only flew over Colorado and Oklahoma. Most thunderstorms are in the tropics. The whole structure of high plains storms is different than those in the tropics. Clearly we need more aircraft measurements to reduce this uncertainty."
布鲁恩说：“这些结果高度不确定，部分原因是我们不知道这些测量如何应用于全球其他地区。” “我们只飞越科罗拉多州和俄克拉荷马州。大多数雷暴都发生在热带地区。高平原风暴的整体结构与热带地区不同。显然，我们需要进行更多的飞机测量以减少这种不确定性。”
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