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Introduction to Mathematics for Risk Analysis and Statistics of Extremes 

 INTRODUCTION 
 Observed Values of Concern: Near-normal vs. Extreme Conditions 
 Acceptable Risk, Probability of Exceedance, and Extremes 
 Fundamental Statistics related to Risk 
 Mode, Mean, Median and Range; Higher Order Moments 
 Normal Distribution and 6-Sigma => Standard Deviation, Normality => Log-Normal 
 Value at Risk (VaR): Originally VaR was intended to measure the risks in derivatives markets. 

Currently VaR is widely applied in financial institutions to measure all kinds of financial risks 
 Outlier vs. Extremes; Outlier Test 
 Method based on Inter-Quartile Range: IQRQIQRQQQIQR 5.1[    ]5.1   ; 3113 +−−=  

 Box plot / Boxplot / Box-and-whisker plot / Box-and-whisker diagram 盒鬚圖/箱型圖 

 Grubbs’ T Test; Hampel’s Test; Dixon’s Outlier Test 

 STATISTICS OF EXTREMES / EXTREME VALUE THEORY 
 What is Extreme Value Theory (EVT) 

    Statistical Theory concerning extreme values- values occurring at the tails of a probability 
distribution. Society, ecosystems, etc. tend to adapt to routine, near-normal conditions: these conditions 
tend to produce fairly minimal impacts. In contrast, unusual and extreme conditions tend to have much 
more substantial net impacts despite, by definition, occurring a much smaller proportion of the time. 

 An Introduction to Extreme Value Theory 
 Finance; Hydrology; Meteorology 
 Central Limit Theorem vs. 

Fisher-Tippett theorem 
 Statistical Distribution 
 Gaussian Family: Normal and Log-Normal 
 Extreme Type I: Gumbel Distribution 
 Extreme Type III: Weibull Distribution 
 Pearson Type III and Log-Pearson Type III 
 Logistic Distribution 

 Some Generic Approaches 
 Weibull Plotting Position 
 Q-Q Plot (Normality Test) 

 Plotting Position and Probability Distribution Fitting 
 Data Source: USGS Surface Water for USA: Peak Streamflow 
 R Packages: "fitdistrplus"- fitdist, "nsRFA"- distplots 

 Flood and Flooding Routing: Return Period vs. Design Flood 
 降雨量重現期推估：《水利會訊》第十三期 (2010) 
 水文系統與頻率分析：《水利會訊》第九期 (2006) 
 莫拉克颱風暴雨量及洪流量分析：經濟部水利署 (2009) 
 108 臺北地區(社子島地區及五股地區)防洪計畫修正報告 

 Software Packages: R packages; Palisade @Risk, Oracle Crystal Ball 

https://www.sfu.ca/%7Ejackd/Stat203_2011/Wk02_1_Full.pdf
https://cht.qap.tw/example.htm
http://www.hsprj.com/health-maintanance/using-outliers-detection-in-policy-analysis-a-pilot-case-study-of-the-detection-and-analysis-of-average-healthcare-expense-in-china.pdf
http://schumacher.atmos.colostate.edu/gherman/EVT_V1P1.pdf
https://www2.meteo.uni-bonn.de/projekte/SPPMeteo/wiki/lib/exe/fetch.php?id=cops_2a&cache=cache&media=evt_cops2.pdf
https://nwis.waterdata.usgs.gov/usa/nwis/peak
http://www.hydraulic.org.tw/new/upfile/post/34-43.pdf
http://www.hydraulic.org.tw/new/upfile/post/8-P92-105.pdf
http://www.taiwan921.lib.ntu.edu.tw/88pdf/a8801rain.pdf
https://www-ws.wra.gov.tw/Download.ashx?u=LzAwMS9VcGxvYWQvNDIzL3JlbGZpbGUvMC8yMzkxOC8wMjA5Y2MyNC1kZmZiLTQ4YjMtODI0Ni1kZDMzYjA4Y2JhNTcucGRm&n=MTA46Ie65YyX5Zyw5Y2AKOekvuWtkOWztuWcsOWNgOWPiuS6lOiCoeWcsOWNgCnpmLLmtKroqIjnlavkv67mraPloLHlkYoo56ysMeasoeS%2fruatoykucGRm
https://www-ws.wra.gov.tw/Download.ashx?u=LzAwMS9VcGxvYWQvNDIzL3JlbGZpbGUvMC8yMzkxOC8wMjA5Y2MyNC1kZmZiLTQ4YjMtODI0Ni1kZDMzYjA4Y2JhNTcucGRm&n=MTA46Ie65YyX5Zyw5Y2AKOekvuWtkOWztuWcsOWNgOWPiuS6lOiCoeWcsOWNgCnpmLLmtKroqIjnlavkv67mraPloLHlkYoo56ysMeasoeS%2fruatoykucGRm
http://www.palisade.com/risk
http://www.oracle.com/technetwork/middleware/crystalball/overview/index.html

