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CHAPTER 12

Climatic trends and scenarios

In the preceding chapters we have described in detail several methods of performing extremal analysis for wave heights, which can be applied to any time series of wave data, whether in situ measurements, satellite estimates or produced from numerical models. However, by virtue of the very long temporal extent of the time series required to produce these long return period estimates, e.g. 50- or 100-year (or longer) wave heights, the requirement of stationarity in the data set may not be met due to changes in the wave regime caused by climate variability and/or trend. It is therefore relevant to consider possible implications of intensification or weakening of waves on decadal or century time scales for estimating long return period wave heights.

The first indication that such changes were taking place in the North Atlantic was given by [Carter, Draper, 1988] using wave measurements at the Ocean Weather Stations. Subsequent analysis of similar data by [Hogben, 1988] showed that such trends were characteristic for mean wave heights, but they were not present in maximum wave heights. [Hogben, 1988] suggested that the mean wave height trend is explained by some intensification of background swell, which is associated with oscillations of the North Atlantic current. 

Subsequently, Bouws et al. (1996) at the Netherlands Meteorological Institute, using operational ship routing wave analyses, found trends in a box west of Ireland (50-55N, 10-20W) over the period 1961-1987 on the order of 0.3% per year for both the annual maximum and the 99th percentile wave height. The trend in the 90th percentile values was larger, 0.7 % per year. These trends were considered (WASA, 1998) to suffer from some inhomogeneity, leading to an artificial increase in wave heights, and thus to be an upper bound on real trends.

A significant advance on the issue of wave height variability and trend was made by the project WASA (Waves and Storms in the North Atlantic [WASA group, 1998]). Within the WASA project Gunther et al. (1998) attempted to reconstruct the time-space wave fields statistics using a proven wave model driven by a 40-year time series (1955 to 1994) of 6-hourly wind fields for the Northeast Atlantic ocean. While the wind fields used in the analysis (Fleet Numerical Meteorological and Oceanographic Center operational winds, and Norwegian Meteorological Institute operational analyses) contained some inconsistencies and inhomogeneities over the 40-year period of the hindcast, comparison of the resultant wave fields with in situ measurements showed reliable results. 

Analysis of the resulting wave fields in the northeast Atlantic showed the existence of areas of wave growth and decrease. The 90% percentile value of significant wave height was shown to increase at 2 cm/year rate in the area to NW of Scotland, and 1 cm/yr over a wide area extending from the North Sea through the Norwegian Sea.  The same percentile decreased at rate of 1 cm/year in the open ocean west of Ireland and the Bay of Biscay. Comparison of the 99th percentile and maximum wave heights at OWS Mike, and the Brent and Ekofisk platforms showed the largest increases in wave height (and wind speed) to be associated with the maxima, the lowest for the 90th percentiles; this results in a widening of the distribution. Off the coast of Ireland the increases are much smaller (1 cm/yr) than those derived by Bouws et al. (1996) (2.7 cm/yr). This analysis is also notable in that, when the full 40-year hindcast period is considered in contrast to the shorter ship routing analysis, that the trend west of Ireland is actually decreasing. 

WASA (1998) extended the time series of the hindcast through statistical reconstruction based on redundancy analysis (RDA; von Storch and Zwiers, 1998). This technique predicts the intramonthly wave height patterns based on monthly mean air pressure patterns. Using this approach the statistically derived wave heights for Brent and Ekofisk were generated for the period 1899 to 1994. The reconstruction confirmed the increase in the 40 years of the numerical hindcast. What is noteworthy is that the trends were not apparent when the longer period was considered, i.e. the reconstructed wave heights from the early part of the century were similar to those in the last decades of the hindcast.

Gunther et al. (1998) explicitly looked at trends in the tails of the distributions, representing the most extreme events. Extremal analysis was carried out for each point in the northeast Atlantic for the four ten-year time slices in the hindcast. A peak-over-threshold technique (average 5 peaks per year), using least squares fitting with a Fisher-Tippet III distribution (at most points) was applied in the analysis.

The results of this analysis showed clear spatial patterns. In the area between Scotland and Iceland the trend in 100-year wave height was increasing (exceeding 2m/decade), while this statistic decreased southwest of Ireland (< 1m/decade).

The trends in storminess were also found in geostrophic wind analyses by Alexandersson et al. (1998) for the British Isles, North Sea and Norwegian Sea. The trends increased significantly from 1960 onward, but when extended back to the beginning of the record in 1881 no trends were apparent. 

The WASA project also attempted to predict the effects on extreme waves of a double CO2 scenario. A time-slice experiment was performed on two 5-year intervals (Rider et al. 1996). Gunther et al. (1998) calculated the 20-year return period wave height on both the control and 2X CO2 runs. The results were very similar to the patterns found in the 40-year hindcast, increases south of Iceland, and decreases southwest of Ireland. 

A significant advance in numerical wave hindcasts resulted from the NCEP/NCAR meteorological re-analysis project (see, e.g. [Kalnay et al., 1996]), which produced global data series of great interest to wave modelling. NCEP reanalysis data were used in [Swail and Cox, 2000; Cox and Swail, 2000] for both a global reconstruction of past wave fields, and a detailed wave reconstruction of the North Atlantic Ocean. The use of the reanalysis products to drive the wave model removed many of the inhomogeneities present in earlier data sets; the further analysis efforts described by Swail and Cox (2000) for the North Atlantic Ocean removed still more inhomogeneities, and equally importantly produced a much finer grid scale analysis which resolved to a much greater degree both tropical and extratropical storms. This additional analysis is critical in the modelling of the most extreme waves, as selected in the computation of long return period estimates.

Wang and Swail (2000) analyzed the global model hindcast results for the Northern Hemisphere. As in the WASA study, the analysis showed areas of increasing wave height and corresponding areas of decrease. In both the North Atlantic and North Pacific, significant linear trends in the seasonal extremes (90th, 99th percentiles) were identified. In the North Atlantic, significant increases in the northeast Atlantic over the last four decades (similar to WASA) are matched by significant decreases in the subtropical Atlantic.

Increases in the 99th percentile wave height in the area between Scotland and Iceland are typically 0.4 to0.5 %/yr.  In the North Pacific, significant changes are found in the winter and spring wave heights, with increases over much of the north Pacific, and some decrease in the subtropics. Increases in winter 99th percentile waves of 0.25 to 0.50 %/yr are common across the area.

As in WASA, Wang and Swail (2000) also extended the time series of the hindcast through statistical reconstruction based on redundancy analysis. Statistically derived wave heights were generated for the period 1899 to 1997. The reconstruction confirmed the increase in the 40 years of the numerical hindcast for both the North Atlantic and North Pacific. For both oceans, no significant trends of seasonal wave extremes are found for the last century, though significant changes do exist in the past four decades. There is, however, significant long-term variability, especially in the North Pacific.

Analysis of the detailed North Atlantic hindcast, described by Swail et al. (2000), was carried out by Swail and Wang (2001). The seasonal patterns were very similar to those from the global hindcast, but with generally greater rates of change. In the North Atlantic hindcast a larger area of significant decreases of SWH was observed in the western subtropical Atlantic in winter. Significant increases are identified off the coast of Canada in summer, and for the central North Atlantic in fall. These differences result from the enhanced wind fields for tropical storms and kinematic reanalysis of wind fields.

In the North Atlantic study, monthly statistics were also described. There were large variations from month to month. Rates of change were generally larger than for the seasonal analysis. 

Extremal analysis was also carried out, as in WASA. A Gumbel (and Weibull) analysis was applied for each grid point in the North Atlantic using a peak-over-threshold-approach. Since the hindcast covered the entire North Atlantic, and not just the northeast portion as in WASA, separate analyses were run on tropical and extratropical system peaks. Ten- and twenty-year time slices were analyzed; results of the four 10-year slices for extratropical storms are shown in Figure 12.1.

Details of the extremal analysis are given in Swail et al. (2000).  Examination of Figure 12.1 shows that, while there is some consistency among the four time slices, there is considerable variability in the magnitude of the return period wave heights, and in the spatial patterns of the extremes, as storm tracks migrate from one position to another.

The decadal time slice extremal analyses done in both WASA and Swail et al. (2000) are one way to try and gauge the change and variability of the most extreme wave conditions. However, the sample for the trend analysis is necessarily reduced to four, in a 40-year hindcast. Another approach which is often taken is to compute time slices is based on a running sample. As an example, the 100-year wave based on years 1-10 is computed and assigned to year 10; the 100-year wave is recomputed for years 2-11 and assigned to year 11, and so on. The number of points then available for the trend and variability analysis is then (N-(m-1)), where N is the length of the database (e.g. 40 years) and m is the length of the slice (e.g. 10 years).
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Figure 12.1: Decadal time slice extremal analysis (Gumbel) of extratropical storms

This method is easiest to visualize with the Annual Maximum method, but can also be used with other approaches, e.g. peak-over-threshold. An example of the year-to-year variability and trend in the 100-year return period wave height at Hibernia is shown in Fig. 12.2. Two things are immediately evident from this figure: (1) the 100-year wave height varies considerably depending on which 10-year slice it is based on and, (2) the 100-year wave height has a slight increasing, but statistically insignificant trend over the sampled time interval.
Another area of important research is the analysis of different scenarios of climate change and their implications for wind waves and storm surges. This is the subject of the project STOWASUS-2100 (STOrm WAves and SUrges Scenarios for the 21st century,

[http://gate.dmi.dk/pub/project/STOWASUS-2100/]) 

The project envisages modelling of storm conditions in the 21st century according to several different scenarios on the atmospheric CO2 increase. Two 30-year time slice simulations with the ECHAM4 climate model are performed. Investigations regarding systematic anomalies in frequency, intensity or location of extreme events, and the physical mechanisms responsible for them are carried out. Preliminary analysis has shown (STOWASUS-2100, 2nd Progress Report) that significant wave heights are slightly increased in the Northeast Atlantic and North Sea region, with increases in the 99th percentile values at some locations of almost 10%. Differences in the mean wave heights between the control run and the 2X CO2 model run are small, mostly less than 0.15m.

The preceding paragraphs present a bewildering array of information on trend and variability of extreme wave conditions. Trends may be either increasing or decreasing; similarly, the variability may be increasing or decreasing. The uncertainties in the estimates of variability can be large. This presents something of a dilemma in how to account for such changes. Are these [image: image6.wmf]å
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changes the result of anthropogenic climate change, which can be expected to continue? Or are they merely part of the natural variability of the atmosphere-ocean system, which can be accounted for if the sampling period is sufficiently long?

Figure 12.2:  100-year return period wave height variations. Hibernia
The basic issue for the analysis of long-term data series or simulation output is the significance of trend estimates. Various statistical models can be used to estimate the trends. The simplest model is parametric linear regression
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(12.1)

where b0, b1 are parameters and ( denotes white noise.

If the white noise (, which in fact is the deviation of annual averages from the trend, is Gaussian, then it is possible to use the following relations to estimate parameters in (12.1):
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(12.2)

For data series of finite length the estimates ((0, (1) for parameters (b0,b1) represent a system of random values. Let us introduce a new notation: 
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(12.3)

Using it we can represent a two-dimensional confidence range (1–()% for values ((0, (1) as the internal part of the ellipse 
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and express the solution in variables ((0,(1). The roots of the equation are
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where 
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, p=2, (=n–p and ( is the confidence level. They determine the orientation of the ellipse main axes.

If the point ((o,0) is covered by the (1–()% confidence limit ellipse, we can say that the significant criterion for the trend is satisfied. Then we can assume that the original data series is stationary. If the criterion is not satisfied, the series is not stationary.

More detailed quantitative analysis of trends in the parameters of probability distributions requires processing of mixture of various distributions, which goes beyond the scope of this review.

Importantly, possible existence of trends in the data series does not alter basic conclusions of this review.
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Storm Peaks for Gpt AE005551

		CCYYMM		DDHHmm		WD		WS		ETOT		TP		VMD		ETTSea		TPSea		VMDSea		ETTSw		TPSw		VMDSw		MO1		MO2		HS		DMDIR		ANGSPR		INLINE		MaxWAVE		CREST		W/HS		C/HS

		195901		160600		274.2		22.41		5.709		12.407		110.3		5.201		11.939		105.4		0.508		13.134		181.2		3.82		2.973		9.557		108.6		0.781		0.698		18.125		10.195		1.8965		1.0668

		195902		80600		277.2		22.26		6.889		13.276		94.6		6.797		13.246		94.5		0.093		14.37		168.1		4.383		3.297		10.499		94.1		0.83		0.738		19.771		11.116		1.8831		1.0587

		195902		170000		297.5		19.07		5.926		13.108		125.5		5.137		12.032		122		0.789		13.406		156.1		3.846		2.955		9.738		130.1		0.777		0.685		17.749		9.933		1.8227		1.02

		195912		241200		323		20.5		5.637		12.568		153.8		4.883		11.896		155.7		0.754		13.21		20.7		3.731		2.91		9.497		161.4		0.701		0.715		17.403		9.761		1.8324		1.0278

		196001		111800		241		21.61		6.809		13.353		96.2		5.62		12.959		84.4		1.189		14.343		168		4.262		3.148		10.438		88.4		0.733		0.665		19.962		11.232		1.9125		1.0761

		196101		220000		248.4		20.93		7.575		14.152		59.2		7.007		13.218		61.1		0.568		14.385		31.3		4.659		3.422		11.009		59		0.834		0.745		20.66		11.584		1.8766		1.0522

		196112		170000		308.2		27.07		8.466		13.782		147.1		7.931		13.322		144.6		0.534		14.37		206.8		5.159		3.721		11.638		146.8		0.811		0.738		22.206		12.515		1.908		1.0754

		196201		51800		280.3		20.38		5.868		12.998		87.7		5.294		12.072		90.7		0.574		13.178		58.8		3.825		2.943		9.69		87.2		0.834		0.743		17.728		9.928		1.8296		1.0246

		196202		261200		329.7		22.64		6.03		12.753		155.8		5.665		12.559		153.9		0.365		12.963		240.1		3.929		3.002		9.823		152.6		0.801		0.747		18.406		10.328		1.8738		1.0514

		196302		261800		243.7		22.09		7.17		13.83		64.5		6.993		13.548		64.4		0.177		14.351		74.6		4.523		3.382		10.711		65.4		0.84		0.754		19.889		11.157		1.8568		1.0417

		196312		271200		256.7		18.8		5.839		13.334		76.3		5.651		13.061		76.4		0.188		14.355		74.9		3.832		2.992		9.665		75.9		0.838		0.753		18.092		10.136		1.8719		1.0488

		196401		91200		320.7		20.74		5.79		13.001		151		5.233		12.218		148.4		0.557		13.174		180.2		3.795		2.943		9.625		153.9		0.817		0.731		17.88		10.017		1.8576		1.0408

		196402		100000		232.8		20.43		6.87		14.305		64.2		6.35		13.222		63.1		0.52		14.586		78.3		4.272		3.203		10.484		65.4		0.851		0.771		19.081		10.655		1.82		1.0163

		196502		190600		287.1		22.6		5.714		12.78		129.8		4.615		12.216		119.8		1.099		13.133		173.3		3.802		2.984		9.562		131.3		0.789		0.696		18.124		10.173		1.8954		1.0639

		196601		110600		331.5		20.87		6.689		13.136		162.4		6.397		12.977		161.1		0.292		14.39		212.1		4.269		3.217		10.346		163.8		0.812		0.724		19.735		11.097		1.9075		1.0726

		196601		31800		312.9		19.04		5.342		12.787		141.7		4.925		11.975		139.6		0.418		13.178		168.3		3.598		2.85		9.246		143.2		0.827		0.734		17.282		9.689		1.8691		1.0479

		196602		170000		311.1		25.22		11.622		15.72		132.3		11.074		15.504		132.3		0.548		15.813		131.1		6.447		4.327		13.637		134.9		0.837		0.75		25.555		14.402		1.8739		1.0561

		196702		230000		244		26.78		11.268		15.443		51.2		10.882		15.318		52.6		0.386		15.807		344.2		6.312		4.248		13.427		52.9		0.825		0.737		24.598		13.835		1.832		1.0304

		196702		171800		267.8		22.14		7.625		14.151		74.1		7.072		13.286		76		0.553		14.378		42.7		4.693		3.455		11.045		74		0.833		0.752		20.404		11.442		1.8473		1.0359

		196702		140000		278.4		18.93		5.354		13.387		85.9		4.745		11.91		89.2		0.609		13.789		60		3.508		2.755		9.255		84.2		0.836		0.748		17.293		9.676		1.8685		1.0455

		196801		61800		245.8		20.48		7.569		14.966		68		7.257		14.391		67.3		0.311		15.784		92.8		4.567		3.331		11.005		69.1		0.834		0.755		20.836		11.688		1.8933		1.062

		197001		230000		278.6		23.74		8.18		14.052		66.5		5.946		12.084		82.9		2.235		15.177		22.9		4.969		3.601		11.441		62.1		0.753		0.657		21.354		12.009		1.8664		1.0496

		197101		171800		249.6		25.51		9.583		14.54		53.8		8.485		13.715		58.5		1.097		14.788		2		5.578		3.88		12.382		52.3		0.791		0.714		23.869		13.465		1.9277		1.0874

		197101		71800		270.5		21.61		7.856		14.176		86.5		7.395		13.342		86.8		0.46		14.355		80.5		4.809		3.517		11.211		85.5		0.84		0.756		21.073		11.84		1.8797		1.0561

		197112		61800		335		21.63		7.674		14.048		172.1		6.777		13.045		167.6		0.898		14.406		215.2		4.691		3.4		11.081		171.4		0.808		0.74		20.563		11.552		1.8557		1.0425

		197201		41200		260		23.69		8.061		14.164		75.7		7.781		13.967		75.7		0.28		14.356		77.8		4.904		3.555		11.356		76.4		0.853		0.77		20.993		11.778		1.8486		1.0371

		197212		30600		260.1		19.35		5.356		13.253		77.1		5.236		13.05		77.1		0.12		14.356		79.3		3.515		2.756		9.258		77.4		0.849		0.765		17.305		9.683		1.8692		1.046

		197401		40600		300		20.29		7.147		13.609		115.1		6.795		13.211		116.5		0.352		14.436		79.7		4.453		3.302		10.694		115.8		0.813		0.712		20.514		11.548		1.9183		1.0798

		197512		150000		347.2		17.5		5.115		13.014		170		4.352		11.937		165.2		0.762		13.2		225.7		3.397		2.665		9.046		163.6		0.758		0.727		16.963		9.508		1.8752		1.051

		197602		231800		213.4		20.61		5.76		12.837		38.6		5.452		12.258		37.4		0.308		13.057		60.9		3.817		2.986		9.6		39.9		0.826		0.732		17.657		9.887		1.8393		1.0299

		197612		50000		272.8		19.11		6.153		13.287		83.5		5.883		12.89		84.2		0.271		14.357		66.8		4.012		3.109		9.922		83.2		0.841		0.755		18.453		10.335		1.8598		1.0416

		197701		220000		241.2		20.6		8.162		14.379		65.3		7.448		13.356		63.9		0.715		14.506		79.9		4.947		3.582		11.428		66.7		0.831		0.74		21.392		12.018		1.8719		1.0516

		197802		170600		326		20.98		6.694		13.844		155.2		6.288		13.042		153.7		0.406		14.443		184		4.242		3.188		10.349		157.9		0.82		0.729		19.61		11.008		1.8949		1.0637

		197912		100600		271		20.33		5.822		13.63		78.4		5.603		13.096		79.5		0.22		14.357		42.6		3.8		2.965		9.652		78		0.842		0.757		18.182		10.198		1.8838		1.0565

		198001		41800		251.7		19.9		5.219		12.773		69.9		4.909		12.471		71.9		0.31		13.015		346.2		3.465		2.709		9.138		72.9		0.799		0.739		17.227		9.669		1.8852		1.0581

		198002		271200		174		23.66		6.852		13.227		4.8		6.366		13.373		2.9		0.486		13.192		30.5		4.366		3.291		10.47		6.5		0.831		0.737		19.424		10.898		1.8552		1.0409

		198002		100000		357.5		21.6		5.797		12.539		195.3		5.05		12.055		192.6		0.747		13.17		337.5		3.814		2.954		9.631		194.9		0.692		0.734		18.011		10.12		1.8701		1.0508

		198201		161800		238.7		23.88		10.761		15.605		59.8		10.265		15.135		59.8		0.496		15.801		61.6		6.039		4.1		13.122		60.9		0.845		0.762		24.288		13.653		1.851		1.0405

		198201		11800		351.9		22.35		8.164		14.263		179.3		7.573		13.439		177.2		0.592		14.426		208.2		4.943		3.576		11.429		181.2		0.823		0.732		21.383		12.02		1.8709		1.0517

		198202		150000		242.2		26.93		9.347		14.698		33.4		8.739		14.493		37.3		0.608		15.835		323.4		5.501		3.883		12.229		35.4		0.826		0.738		23.026		12.952		1.8829		1.0592

		198202		251200		244.9		18.49		5.668		13.331		70.3		5.381		12.969		69.4		0.287		14.363		88.3		3.681		2.845		9.523		71.5		0.838		0.752		17.476		9.782		1.8352		1.0272

		198302		171800		1.5		26.62		9.486		14.173		198.9		8.643		13.508		195.1		0.842		14.36		246.1		5.601		3.929		12.32		197.6		0.816		0.726		23.599		13.318		1.9155		1.081

		198302		141200		299.2		23.05		5.718		12.433		110.3		5.513		12.225		112		0.206		13.181		29		3.79		2.951		9.565		110.9		0.819		0.735		17.996		10.1		1.8815		1.056

		198312		230000		343.5		22.35		11.206		15.821		166.5		10.927		15.731		166.4		0.28		17.395		173		6.234		4.213		13.39		167.5		0.835		0.747		25.035		14.085		1.8697		1.0519

		198401		271800		267.4		18.64		5.74		13.095		81.1		5.526		12.916		82.1		0.213		14.348		44.6		3.78		2.942		9.583		81.1		0.836		0.75		17.885		10.022		1.8664		1.0458

		198501		290000		240.3		25.77		10.326		15.512		69.3		9.975		15.292		68.6		0.351		15.8		96.1		5.918		4.118		12.854		70.4		0.845		0.764		24.27		13.669		1.8881		1.0634

		198501		71800		240.6		18.12		6.844		14.193		74.8		5.751		12.891		72.9		1.093		14.737		88.4		4.247		3.158		10.464		73.3		0.809		0.757		20.256		11.374		1.9357		1.0869

		198512		200000		269.9		19.79		6.436		13.496		78.5		6.085		13.053		79.8		0.351		14.357		50.1		4.155		3.188		10.148		78.6		0.832		0.743		18.948		10.622		1.8672		1.0468

		198512		160600		257.5		18.39		5.706		13.109		77		5.524		12.947		77		0.181		14.355		77		3.768		2.943		9.554		77		0.834		0.744		17.776		9.962		1.8606		1.0427

		198602		171200		268.8		23.42		6.119		13.093		75.2		5.512		12.955		80.6		0.607		13.267		353.1		3.905		2.958		9.895		80.5		0.779		0.722		18.643		10.463		1.8841		1.0574

		198612		91200		274.6		22.95		7.264		13.56		95.9		7.196		13.555		95.6		0.068		14.286		205.3		4.571		3.415		10.781		95.9		0.844		0.756		19.976		11.213		1.8529		1.0401

		198702		150000		228.7		23.63		7.29		13.496		35.9		6.977		13.195		37.6		0.313		14.46		342.4		4.559		3.383		10.8		35.2		0.823		0.732		20.341		11.436		1.8834		1.0589

		198702		261200		3.9		18.92		5.885		13.734		190.7		5.517		12.953		189.4		0.367		14.373		234.3		3.832		2.982		9.703		190.7		0.82		0.76		17.87		9.984		1.8417		1.029

		198802		180600		248.5		23.75		7.056		13.434		66.7		6.957		13.44		67.4		0.098		10.285		326.3		4.452		3.316		10.625		67.8		0.847		0.764		19.319		10.819		1.8183		1.0182

		198812		301800		269.1		19.07		5.159		12.765		93		4.938		12.218		92.3		0.22		13.104		114.1		3.471		2.75		9.085		92.4		0.822		0.725		17.192		9.644		1.8923		1.0615

		198901		221800		274.7		21.21		7.502		14.209		74.5		6.719		13.04		77.5		0.784		14.503		45		4.627		3.412		10.956		74.6		0.829		0.745		20.15		11.293		1.8392		1.0308

		198901		51800		196.5		16.97		6.343		14.242		19.1		4.682		11.877		16		1.661		14.497		27.6		3.952		2.975		10.074		20.8		0.835		0.748		18.334		10.234		1.8199		1.0159

		198912		300600		296		20.22		6.065		13.004		132.1		5.151		11.934		126.3		0.914		13.347		168.1		3.95		3.03		9.851		135.9		0.79		0.698		18.168		10.185		1.8443		1.0339

		198912		220600		254.6		21.88		5.474		12.53		75.6		5.397		12.503		75.5		0.077		12.962		235		3.714		2.955		9.359		75.6		0.837		0.755		17.308		9.693		1.8494		1.0357

		199001		201800		260.4		24.61		8.266		14.022		85		8		13.764		84.4		0.266		14.355		109.3		5.043		3.654		11.5		84.7		0.849		0.764		21.433		12.036		1.8637		1.0466

		199001		280600		281.6		21.61		6.458		13.313		79.8		5.971		13.001		83.2		0.487		14.403		32		4.143		3.16		10.165		79.8		0.833		0.742		18.807		10.551		1.8501		1.038

		199001		30600		260.6		20.11		6.172		13.349		77.8		5.983		13.118		78		0.189		14.357		69.6		3.987		3.062		9.937		77.1		0.828		0.739		18.357		10.29		1.8474		1.0355

		199002		250600		225.7		19.26		5.716		13.066		41.1		5.614		12.996		41.4		0.102		14.355		2.5		3.769		2.955		9.563		42		0.841		0.753		17.42		9.73		1.8216		1.0175

		199101		120000		282.2		27.05		11.56		15.623		89.8		11.098		15.4		91.2		0.462		15.799		43.6		6.469		4.383		13.6		88.5		0.834		0.751		25.128		14.153		1.8476		1.0406

		199112		40000		298.9		18.92		5.136		12.972		128.2		4.691		12.017		126		0.444		13.281		152.8		3.418		2.706		9.065		130.1		0.83		0.742		17.111		9.595		1.8876		1.0585

		199201		280600		300.2		19.98		5.185		12.637		137.3		4.649		11.861		133.3		0.537		13.139		180.4		3.52		2.804		9.108		138.7		0.805		0.727		16.663		9.316		1.8295		1.0228

		199212		50600		254		21.88		9.229		15.595		62.2		8.649		14.587		63.8		0.58		15.874		35.6		5.366		3.798		12.152		62.4		0.839		0.754		22.198		12.428		1.8267		1.0227

		199212		260000		293.3		19.21		5.375		13.049		80.6		4.079		11.729		91.3		1.296		13.601		47.1		3.559		2.813		9.274		78.7		0.82		0.728		16.953		9.474		1.828		1.0216

		199312		311800		253.1		26.72		10.005		15.214		65.5		9.796		15.227		66.3		0.209		12.886		316.6		5.754		4.006		12.652		66.7		0.846		0.77		22.861		12.8		1.8069		1.0117

		199312		280600		254.4		20.38		7.5		14.258		73.1		6.983		13.242		73.3		0.516		14.433		71.1		4.617		3.416		10.954		73		0.844		0.759		20.013		11.202		1.827		1.0226

		199401		71800		254		21		7.191		14.147		75.6		6.827		13.48		75.5		0.364		14.356		77.8		4.495		3.364		10.726		75.5		0.845		0.763		20.204		11.337		1.8837		1.057

		199501		40600		268.8		20.54		5.065		12.514		75.6		4.747		12		78.4		0.318		13.14		28.1		3.472		2.792		9.002		75		0.823		0.729		16.992		9.521		1.8875		1.0577

		199502		140000		277.4		24.67		8.475		13.997		90.2		8.169		13.641		90.6		0.306		14.37		72.5		5.127		3.696		11.644		89.3		0.822		0.73		21.326		11.979		1.8315		1.0288

		199502		11800		272		19.51		5.579		12.508		95.2		5.176		12.076		96		0.404		13.236		34		3.727		2.919		9.448		97.3		0.773		0.697		17.643		9.911		1.8674		1.049

		199612		311800		256		17.95		5.546		13.368		79.3		5.257		12.933		78.9		0.29		14.353		87.3		3.634		2.829		9.42		79.6		0.846		0.765		17.227		9.623		1.8288		1.0216

		199712		161800		296.4		20.81		6.529		13.522		129.3		5.713		12.212		124.3		0.815		14.335		164.2		4.105		3.093		10.22		133.4		0.801		0.7		18.893		10.585		1.8487		1.0357

		199712		121800		342.6		28.3		5.706		11.973		172.9		5.466		12.065		171.5		0.24		11.857		217.3		3.868		3.059		9.555		172.6		0.833		0.746		17.749		9.971		1.8575		1.0435

		199801		160000		249.6		22.02		6.187		13.453		73.3		6.1		13.403		73.5		0.086		14.26		323.1		4.028		3.116		9.949		74.2		0.8468		0.767		18.819		10.558		1.8915		1.0612

		199812		240000		266.5		20.74		6.49		13.513		82.6		6.297		13.184		83.3		0.193		14.345		49.6		4.148		3.161		10.19		82.7		0.8392		0.7537		18.831		10.556		1.848		1.0359

		199812		200000		278.3		18.22		5.66		13.246		79.6		4.582		11.837		86.5		1.078		13.652		50		3.728		2.91		9.517		77.7		0.8205		0.7317		17.415		9.733		1.8299		1.0227

		199901		10000		260.7		21.65		5.822		12.879		61.7		5.174		11.93		66.6		0.649		13.328		21		3.881		3.061		9.652		60.4		0.8179		0.7232		17.589		9.828		1.8223		1.0183

		YEAR		AVERAGE		STDEV		LAMBDA		K		RP-100

		1967		10.4446		1.2423612662		2		3.6792458409		15.0155525216

		1968		10.4712857143		1.2170633156		2.1		3.7173806083		14.9955732829

		1969		10.6238823529		1.2967598507		1.7		3.5521846928		15.2302128447

		1970		10.6828823529		1.3105182602		1.7		3.5521846928		15.3380852564

		1971		10.7575555556		1.3214244641		1.8		3.5968789747		15.5105594272

		1972		10.8187222222		1.3330891504		1.8		3.5968789747		15.6136825588

		1973		10.8975625		1.3848952292		1.6		3.5047717739		15.7513042091

		1974		10.9964		1.3854725238		1.5		3.4542879366		15.7822210255

		1975		10.962		1.4293426061		1.5		3.4542879366		15.8993609216

		1976		10.7659285714		1.2563982382		1.4		3.4003076528		15.0380691158

		1977		10.702		1.0210593429		1.2		3.2796496399		14.0507169064

		1978		10.6473333333		1.0209230523		1.2		3.2796496399		13.9956032543

		1979		10.5707692308		1.0156937		1.3		3.3423103196		13.965532766

		1980		10.3478666667		0.9936644926		1.5		3.4542879366		13.7802699364

		1981		10.0453333333		0.8148992501		1.2		3.2796496399		12.7179173656

		1982		10.4452142857		1.2137007728		1.4		3.4003076528		14.5721703118

		1983		10.6769411765		1.396388443		1.4		3.4003076528		15.4250914856

		1984		10.6115882353		1.4213158542		1.7		3.5521846928		15.6603646561

		1985		10.71855		1.376990176		2		3.6792458409		15.7848353779

		1986		10.77625		1.3524994357		2		3.6792458409		15.7524279238

		1987		10.6952380952		1.3293921508		2.1		3.7173806083		15.6370946972

		1988		10.6345909091		1.3406230129		2.2		3.7537368578		15.6669369251

		1989		10.58196		1.2807330089		2.5		3.8536216177		15.5174204094

		1990		10.6336538462		1.2452501096		2.6		3.8842620816		15.4705316288

		1991		10.6835714286		1.360232971		2.8		3.9421513126		16.0458156208

		1992		10.4952222222		1.3212348633		2.7		3.9137438287		15.6661970149

		1993		10.4500769231		1.2267275467		2.6		3.8842620816		15.2150082172

		1994		10.4940384615		1.214834556		2.6		3.8842620816		15.2127742628

		1995		10.39676		1.2029139717		2.5		3.8536216177		15.0323352856

		1996		10.3609583333		1.2380198593		2.4		3.8217276155		15.0923330183

		1997		10.330625		1.238400645		2.4		3.8217276155		15.0634549442

		1998		10.31524		1.1982082902		2.5		3.8536216177		14.9326813695
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