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Figure 3 Assignment of gauging stations to regions based on factor analysis of annual discharge.




Seaconal negimes for typical

Table 3 Seasonal factors derived from average monthly discharge for five

ng stations representative of AF groups (Table 1

Factor Oct Mov Dec Jan Feb Mar Apr May Jun Aug Sep Var % Var  tau o]

Regime shift year (tre

P 1 [0.79 0.90 0.81 0.67 091 0.72 461 384 0292 0018  1966(+), 1966(4
2 080 0.83 0.83 0.7 0.69] 374 912 0114 0361 none
NY 1091 0.85N_2.44 203 0205 0.097 none
T ' 163 0409 0.001  1968(+), 1987(+
0.69 0.82 0.64 1.79 0 0478 0.150 1962(-), 1969(+), 19

1.3 10.9 080 0.525 none

[
e

|0.s1 0.87 0.92 094 0.?3|

1
2
3
4 |-0.80 0.70
1
2
3

370 308 00 0.505 none

Nature Frecedings - aorrLu. 1Us

(062 073 084 0.71] 275 230 0019 none
oss] 148 123 0193 D0.118 none
4 0.79 1.41 1.7 -0.027 0.840 e
OH 1 |D.T9 0.89 'D.SUl 261 217 0159 0198 norh
2 1.76 147 0059 0642 nane
3 176 148 -0.076 0546 none
4 1.34 11.2 0114 0381 1987(+)
5 108 90 0465 0.183 none
N1 Jos8 084 096 0.82 0.85] 450 383 0.150 0.198 none
2 [071 0.93 078 231 192 -0.074 0556 1987(-)
3 ;-0.925 132 1.0 -0.288 0.019 1987(+)
4 W _______ 173 144 0008 0.963 nane

discharge. Significant p-values for the tau trend statistic shown in bold.

ANote that the negative factor loading and negative tau value signify an increase in discharge.
Factor loadings = |0.6] shown for individual months. Cell borders within month columns denote season represented: heavy solid line = au
double solid line = late spring, dashed line = mid- to late summer. Regime shift year denotes a significant change in the regime mean, an|
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2 A factor is a portion of a quantity, | Sl i e T

& usually an integer or polynomial w1 L N T

2 that, when multiplied by other Al P

% factors, gives the entire quantity. |- L.} = /=«

S The determination of factors is SOHIY | TR

s called factorization (or sometimes [ = = = =

: "factoring"). It is usually desired to break factors down

= into the smallest possib?le pieces so that no factor is RS

b itself factorable. Q&

£ Factor analysis allows the determination of common axes 2 >

g influencing sets of independent measured sets. <5

3 It is "the granddaddy” of multivariate techniques (Gould 1996, pp. 42-43) & S v

z was invented by Spearman. v S
The main applications of factor analytic techniques are: =
- (1) to reduce the number of variables and 28
+ (2) to detect structure in the relationships between s E

M

variables, that is fo c/assify variables.
(From: Wolfram MathWorld)

analysis of empirical data
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yplanation for negime of
sveamflow kas to be found

Consideration of the Great
Lakes watershed as

uniform in joint boundaries
or in administrative Secular Changes in Annual and Seasonal Great Lakes Precipitation,
1854—1979, and Their Implications for Great Lakes

Waier Resource Studies

WATER RESOURCES RESEARCH, VOL. 17, NO. 6, PAGES 1619-1624, DECEMBER 1981

boundaries is the common
approach for

analysis of regime of
pf‘eCipi 1_0 *ion National Oceanic and Atmospheric Amm@ﬁffﬁ?u%?& Environmental Research Laboratory,

e : — : An analysis of annual precipitation over the Great Lakes Basin from 1854 to 1979 indicates two
Click JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 113, D21108, doi:10.1029/2008JD010251, 2008 H ' 1 :t : Mon l‘eglmes m ﬁl’ﬁ a remdy dl'y ! ! 1 : 1ﬁst¢d ﬁom thc m"lm’s uﬂtl.l thE
:Erlel ate 1930°s. This was followed by a relatively wet regime, which continues to the present. The analysis

AriEie wlso indicates that the annual precipitation regime prior to the mid-1880’s was similar to the present

gime. Thechangemmc:pﬂaﬂonappwstobethemsullofmmased precipitation during spring

Changes in the seasonality of precipitation over the contiguous USA ; dsummar A conunuanon ofthe pment wet l'cglme wll] prescnt l'l:llmy cllnl]enges for water rcsouroe

S. C. Pryor' and J. T. Schoof ?

Received 9 April 2008; revised 3 July 2008: accepted 27 August 2008; published 5 November 2008. dlld |
[1] Consequences of possible changes in annual total precipitation are dictated, in part, * * :

by the timing of precipitation events and changes therein. Herein, we investigated ecu a r Tre n S O Pre CI It atl O n

historical changes in precipitation seasonality over the US using observed station h‘
precipitation records to compute a standard seasonality index (SI) and the day of year
on which certain percentiles of the annual total precipitation were achieved (percentile L

day of year). The mean SI from the majority ol stations exhibited no diflerence in AI I IO u nt Fre u e n C a n lnten S It
19712000 relative to 30-year periods earlier in the century. However, analysis of the J 7

day of year on which certain percentiles of annual total precipitation were achieved

indicated spatially coherent patterns of change. In some regions, the mean day ol the L 8

year on which the 50th percentile of annual precipitation was achieved dillered by In the Un Ited St ates

2030 days between 19712000 and both 19111940 and 1941-1970. Output from ‘ ‘
the 10-Atmosphere-Ocean General Circulation Models (AOGCM) simulations of’

19712000, 20462065, and 2081 2100 was used to determine whether AOGCMs
are capable of representing the seasonal distribution of precipitation and to examine

pn)‘sxib|‘c Vl'u.lurc changes. Many of the 1\0(](?1‘\1.3 ‘L|L|a|7i1ati\.c|y cg:plurcd ‘sputial patterns of’ Thomas R‘ Kat’l and Ri Cha]’d W' Knight

seasonality during 19712000, but there was considerable divergence between
AUGCMs in terms of future changes. In bmh the west ungl snylhcasl, 7ol l()VAO(}CMs NOAA/NESDIS/NatiO ~|a| C]imatic Data Center AShEVille North CaFOIiI‘IF
indicated later attainment of the 50th percentile accumulation in 20472065, implying a -
possible reversal of the twentieth-century tendency toward relative increases in
precipitation receipt during winter and early spring over the southeast. However, this is

also a region churac[rcrizg:I by considerable interannual variability in the percentile day V'D;. 7'91 N'D. 2" February }998

of year during the historical period.

FrRANK H. QUINN

Citation: Pryor, S. C., and J. T. Schoof (2008), Changes in the seasonality of precipitation over the contiguous USA, /. Geophys
Res., 113, D21108, doi:10.1029/2008JD010251.
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The typical stations

Factor Loadings, Factor 4 vs. Factor 3 vs. Factor 1
Rotation: Varimax normalized
Extraction: Principal components
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Station 300032, air temperatunes
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Scale in Regime —
what co thie!

* Streamflow
* Precipitation
* Upper Peninsula (UP) of Michigan (MI)

Snowfall
Precipitations

Air temperature
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Precipitation from Global grid

Time series
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geostationary and low-orbit infrared, passive microwave, and sounding observations have been merged
News to estimate monthly rainfall on a 2_5-degree global grid from 1979 to the present. The careful
combination of satellite-based rainfall estimates provides the most complete analysis of rainfall
Calendar available to date over the global oceans, and adds necessary spatial detail to the rainfall analyses

over land. In addition to the combination of these data sets, estimates of the uncertainties in the
rainfall analysis are provided as a part of the GPCP products. Click here to learn more about GPCP
data products and how to access them.

Publications The GPCP data have already been found capable of revealing changes in cbserved precipitation on
seasonal to interannual time scales and in validating model generated precipitation from re-analysis
systems, such as those from NCEP/NCAR and ECMWF. GPCP also offers the potential for studying
changes in the distribution of precipitation at longer time scales such as predicted by GCM
simulations, especially in the pattern change over previously data-sparse ocean areas. GPCP
Contact estimates can validate both the magnitude and the spatial pattem of modeled rainfall to within the
astimated error of the observations. However, realization of the full potential for the GPCP to provide
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»n Lempenatune
obsenved values & model

Model for simplified Fourier analysis: Xy =Xo+ Z 4; COS(T t—=Qj)+Zy¢,
i=1 !
Where are:
X;- observation, X, - mean for the interval of observations, A, - amplitude, Ti -
period, ¢, - phase of i-cosinusoid, Z, - difference between observation & model.

The equation quotients are calculated separately for each selected period & for all
periods together under the condition of minimization of the random part
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Scale for time serées
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Tte climate syotem &
cybennetic model

The Gap between Simulation and
Understanding in Climate Modeling

BY Isaac M. HeLD

NOVEMBER 2005 BAMTS | 1609

Should we strive to construct climate models of lasting value? Or should we accept as

inevitable the obsolescence of our models as computer power increases!
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{Ri}

is a matrix of relations

between parts of landscape.

Entering the codes & numbers

for initial matrix {X.} we

open the way to recovery
connections those exist in landscape

The number of characteristics for
elements of landscape & watershed is
unlimited but for stable landscape the

set of watersheds or stations with data
allows to obtain statistical description
of connections.

Axis for hydrological space -
factors (principal components)
of initial data matrixes

X,

allow consider

{Ri}

as a time spatial structure.



Discoveny of inuisible structune

Long-Term Ecological Research
- and the Invisible Present

Q Uncovering the processes hidden because they occur slowly or
s because effects lag years behind causes
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Resulte for disewssion

- System model applied to landscape

allows to formulate research tasks, develop methods of
analysis, & present results as a map

- Hydrological object has a scaled time-spatial structure of
interaction fs’rmigh‘r & feedback connections) with other
components of landscape (air, rocks & sediments, soil, plants
& animals)

- The complex multidimensional structure of time spatial
regime for regional hydrosphere was described for U. S.
part of Great Lake watershed

- The entire set of empirical data was used

- Results may be used for
improvement of observational net & in applications
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