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溫室效應時期來臨時，地球究竟會變得有多熱？
How Hot Will The Greenhouse World Be
李察‧艾克爾（RICHARD A.KERR）
※ 2003年創歷史新高溫的熱浪侵襲歐洲時，一列列的靈柩被堆放起來是預知溫室效應來臨的預兆嗎？
※ A harbinger? Coffins being lined up during the record-breaking 2003 heat wave in Europe. 
    科學家觀察到近來地球上的溫度不斷上升；此外，他們皆抱持著同一個信念：溫室效應所帶來的影響遠遠超乎人類所能因應的程度。但在未來的數十年乃至於數個世紀中，地球目前的溫度還能維持多久不被溫室效應所影響呢？溫室效應的形成是來自於氣候系統對我們所排放到空氣中的溫室效應氣體之反應──包含空氣、海洋、冰、陸地和生命間之循環。二十五年以來，專家對於環境敏感度研究的意見仍然模糊不清。專家認為，當空氣中微粒分子之間互相推擠，或是起衝突作用時，例如，從石油燃料燃燒過後所產生的二氧化碳、火山爆發後所產生的遺骸、或太陽黑子之間的衝突，氣候可能會變得敏感而急劇暖化。另一方面，同領域的專家也承認氣候也許會相對無所反應，即使氣體中存在著來自溫度較高區域的壓力時，氣候也只是平緩地提高溫度。　
     Scientists know that the world has warmed lately, and they believe humankind is behind most of that warming. But how far might we push the planet in coming decades and centuries? That depends on just how sensitively the climate system— air, oceans, ice, land, and life— responds to the greenhouse gases we’re pumping into the atmosphere. For a quarter-century, expert opinion was vague about climate sensitivity. Experts allowed that climate might be quite touchy, warming sharply when shoved by one climate driver or another, such as the carbon dioxide from fossil fuel burning, volcanic debris, or dimming of the sun. On the other hand, the same experts conceded that climate might be relatively unresponsive, warming only modestly despite a hard push toward the warm side. 
    你無法直接出門前去測量氣候的敏感度。不久之後的未來，氣候示意圖將被擬測出來。每份示意圖都有其對於氣候變化而形成之敏感度；但是，每份示意圖依據於週遭存留於建築物中的遺留物，而簡化為頗接近現實生活的氣候系統之參數形式。結果，一直以來，氣候科學家引用相同籠統的氣候敏感度的範圍，即過多的溫室效應氣體──二氧化碳，最後是使地球暖化的主要元兇，其溫度每年上升平均1.5度至最高4.5度之間。根據原始兩份早期氣候示意圖顯示，上述的溫度變化現象最初記載於1979年，且自此以後，這項記載一直被每一種主流的氣候評估引用比對。
     The problem with climate sensitivity is that you can’t just go out and directly measure it. Sooner or later a climate model must enter the picture. Every model has its own sensitivity, but each is subject to all the uncertainties inherent in building a hugely simplified facsimile of the real-world climate system. As a result, climate scientists have long quoted the same vague range for sensitivity: A doubling of the greenhouse gas carbon dioxide, which is expected to occur this century, would eventually warm the world between a modest 1.5°C and a whopping 4.5°C. This range—based on just two early climate models—first appeared in 1979 and has been quoted by every major climate assessment since.　
    最後，至少特別去關注其中ㄧ些顯著的研究觀察，研究人員開始著手於濃縮並予以彙整可能的氣候敏感度資料而預知未來的氣候示意圖。一些有效的氣候敏感度示意圖現正低於標準範圍（1.5度到4.5度），其有百分之5至95的成長空間。另一些已經遠遠脫離標準範圍。再者，最新的研究方法已經研發出氣候敏感度範圍（2.4度到5.4度）並以3.2度為最大可能值。　
     Researchers are finally beginning to tighten up the range of possible sensitivities, at least at one end. For one, the sensitivities of the available models (5% to 95% confidence range) are now falling within the canonical range of 1.5°C to 4.5°C; some had gone considerably beyond the high end. And the first try at a new approach—running a single model while varying a number of model parameters such as cloud behavior—has produced a sensitivity range of 2.4°C to 5.4°C with a most probable value of 3.2°C.　
　　然而，示意圖畢竟就只是虛擬情況罷了。如果自然主導實驗測試的進行，究竟有多好？古生物學家的說法，解釋了氣候推手如在遠古時代溫室氣體如何隨自然變遷，又在特定時間裡的氣候系統如何反應。當然，自然界對於即將來臨的溫室效應從未有過完美的模擬。並且估計在上一個冰河時期之中有多少的二氧化碳氣體集中降落，或是有多少來自菲律賓比納圖博火山（Mount Pinatubo）噴發的太陽碎屑阻擋著，其都將有持續的不確定性。但對於氣候敏感度的史前氣候估計大致落在典型的範圍內，其最精確的估計在3度的幅度之內。　
Models are only models, however. How much better if nature ran the experiment? Enter paleoclimatologists, who sort out how climate drivers such as greenhouse gases have varied naturally in the distant past and how the climate system of the time responded. Nature, of course, has never run the perfect analog for the coming greenhouse warming. And estimating how much carbon dioxide concentrations fell during the depths of the last ice age or how much sunlight debris from the eruption of Mount Pinatubo in the Philippines blocked will always have lingering uncertainties. But paleoclimate estimates of climate sensitivity generally fall in the canonical range, with a best estimate in the region of 3°C.　
　　至少對於氣候敏感度下限一事，共識似乎正在形成；研究人員指出，此下限可能不會低於1.5°C。如此一來，將可以排除某些不認同溫室現象人士所提出的「可忽略的暖化現象」之說法。但現有的計算方法，仍無法得出明確的氣候敏感度上限。研究描繪出過去一個世紀的氣候變化觀測，並加上自然和人為的氣候因子之估計值，其敏感度上升率達30%的可能性，範圍高於4.5°C，並可高達9°C。最新的研究表明不同的參數形式同意敏感度可達11°C，即便學者們主張他們仍不能說諸如此類的極限是什麼樣的可能性。其他人則指出在地質年代的過去極端溫暖的時期，是氣候示意圖所無法模擬的，認為氣候系統中有一個危險因子，該模型尚未遏制。　
The lower end at least of likely climate sensitivity does seem to be firming up; it’s not likely below 1.5°C, say researchers. That would rule out the negligible warmings proposed by some greenhouse contrarians. But climate sensitivity calculations still put a fuzzy boundary on the high end. Studies drawing on the past century’s observed climate change plus estimates of natural and anthropogenic climate drivers yield up to 30% probabilities of sensitivities above 4.5°C, ranging as high as 9°C. The latest study that varies model parameters allows sensitivities up to 11°C, with the authors contending that they can’t yet say what the chances of such extremes are. Others are pointing to times of extreme warmth in the geologic past that climate models fail to replicate, suggesting that there’s a dangerous element to the climate system that the models do not yet contain.
　　目前氣候研究人員進行的研究工作是為他們自己量身打造的內容。示意圖中最主要的不確定性是源自於雲和氣溶膠等因子，而未來研究人員在建立模型時，應當對這些因子有更進一步的瞭解。十或十五年前，科學家們曾說這大概需要十至十五年的時間，但看來在短時間內，將不會產生任何結果。他們必須提升模型的精確性，在可負擔得起的計算能力範圍內持續加速到達理想的目標。並且他們必須對過去的氣候變化及其影響因素進行檢索更多更好的記錄。同時，除非化石燃料的使用在全球發生了迅速的轉變，因而產生兩倍或更多的二氧化碳，則將無可避免。　
Climate researchers have their work cut out for them. They must inject a better understanding of clouds and aerosols—the biggest sources of uncertainty—into their modeling. Ten or 15 years ago, scientists said that would take 10 or 15 years; there’s no sign of it happening anytime soon. They must increase the fidelity of models, a realistic goal given the continued acceleration of affordable computing power. And they must retrieve more and better records of past climate changes and their drivers. Meanwhile, unless a rapid shift away from fossil fuel use occurs worldwide, a doubling of carbon dioxide—and more—will be inevitable.

問題討論
· 人類種族有哪些，以及其如何發展成為今天我們所知的族群？
· What are human races, and how did they develop? 
· 人類學者長期以來一直爭論有關於種族缺乏生物本質的問題。但當我們體內的基因修補功能的確依據地理來源不同而隨之改變時，政治、倫理的議題隨著科學問題產生。
· Anthropologists have long argued that race lacks biological reality. But our genetic makeup does vary with geographic origin and as such raises political and ethical as well as scientific questions.

· 為何有些國家崛起而有些國家沒落呢？
· Why do some countries grow and others stagnate? 
· 遠從挪威一直到奈吉瑞亞，人民生活水平隨著國家不同而有顯著地差異，且他們未必變得更加平等。
· From Norway to Nigeria, living standards across countries vary enormously, and they’re not becoming more equal.
· 嚴重的政府赤字對於當局的財金利率與經濟成長率有何衝擊？
· What impact do large government deficits have on a country’s interest rates and economic growth rate?　
· 美國財金市場對於上述問題將有所回應。 
· The United States could provide a test case. 
· 政治與經濟上的自由彼此有不可或缺的關聯嗎？ 
· Are political and economic freedom closely tied? 
· 中國將對此問題有所回應。
· China may provide one answer.　
· 在非洲南撒哈拉地區，為何人民的貧困程度提高，且預期的壽命長度減短了呢？
· Why has poverty increased and life expectancy declined in sub-Saharan Africa?

· 幾乎所有有助於降低非洲南撒哈拉地區之人民貧窮程度的政策都以失敗告終。若能找出有效的解決方法，對於減緩非洲人民所遭受傷害的程度，是一件重要的任務。 
· Almost all efforts to reduce poverty in sub-Saharan Africa have failed. Figuring out what will work is crucial to alleviating massive human suffering.　
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