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Five main regions &

Regionalization, seasonality, and trends of streamflow in the US Great Lakes Basin
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Figure 3

Assignment of gauging stations to regions based on factor analysis of annual discharge.
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Table 3 Seasonal factors derived from average monthly discharge for five

ng stations representative of AF groups (Table 1)

Factor Oct MNov Dec Jan Feb Mar Apr May Jun Aug Sep Var % Var  tau P

Regime shift year (trg

b1 [ore 00 081 067 091 0.72 461 384 0202 0018  1966(+], 1986(+
2 0.80 0.83 0.83 0.77 0.69| 374 312 0.114 0361 none
NY 4 1091 080N_2.44 203 0205 0007 none
2 R ‘ 162 0408 0.001  1988(<), 1987(4
3 'm 1.79 0 -0.178 0.150 1962(-), 1969(+), 19
4 -0.80 0.70 131 10.0N\Q.080 0.525 none
up 1 [ost 07 092 094 0.73] e 370 308 00BS\ 0805 none
2 {062 073 084 0.71| 275 230 none
a3 oes| T 148 123 none
4 0.79 1.41 1.7 one
OH 1 |D.?9 0.89 ﬂ.EIOl 261 21.7 0159 0192 norﬁ
2 {086 {087 176 147 0059 0842 nane
s |opoos T 178 148 -0.076 0546 none
4 {-0.79} 134 112 -0.114 0361 1987(+)
[ - ?DEQE 1.08 9.0 0185 0183 none
MM 1 0.BB 0.84 096 092 D.ESl 4. 60 383 0.1589 0198 none
2 231 192 -0.074 0556 1987(-)
3 092 132 11.0 -0.288 0.019° 1987(+)
4 W """" 173 144 0008 0.963 none

“Mote 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 = ay
double solid line = late sprimg, dashed line = mid- to late summer. Regime shift year denotes a significant change in the regime mean, an

discharge. Significant p-values for the tau trend statistic shown in bold.
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A factor is a portion of a quantity,
usually an integer or polynomial EoE I N
that, when multiplied by other g
factors, gives the entire quantity. | =

The determination of factors is f

called factorization (or sometimes —=————=

W

[

W

"factoring"). It is usuall?/ desired to break factors down
e

into the smallest possib
itself factorable.

pieces so that no factor is

Factor analysis allows the determination of common axes

influencing sets of independent measured sefts.

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

invented by Spearman.

The main applications of factor analytic techniques are:

. gl) to reduce the number of variables and

variables, that is to c/assify variables.

2) to detect structure in the relationships between

(From: Wolfram MathWorld)
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Secular Trends of Precipitation _eme
Amount, Frequency, and Intensity ™

in the United States | i

The boundaries

Thomas R. Karl and Richard W. Knight
NOAA/NESDIS/National Climatic Data Center, Asheville, North Carolina

Vol. 79, No. 2, February 1998

F1G. 1. Trends (1910-96) expressed as percent of mean precipitation per century for various categories of precipitation defined by
five percentile class intervals. Value plotted at the 95th percentile represents the trend for the 95th to the highest percentiles, value
plotted for the 90th percentile represents the trend for the 90th to the 95th percentile. Value plotted at 5th percentile represents the
trend from the lowest percentile to the 5th percentile. The bar chart in the lower left reflects the national average.
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Figure 1. Map of the surface observing stations from
which daily precipitation data are presented. Also shown are
the regional definitions used which are derived from those
used in the US regional climate change assessment
[National Assessment Synthesis Team, 2000].

es ol possible changes in annual total precipitation are dictated, in part,
[ precipitation events and changes therein. Herein, we investigated

ks in precipitation seasonality over the US using observed station

ords to compute a standard seasonality index (SI) and the day of year
h percentiles of the annual total precipitation were achieved (percentile
uhc mean SI from the majority of stations exhibited no dillerence in
tive Lo 30-year periods earlier in the century. However, analysis ol the
which certain percentiles ol annual total precipitation were achieved

Iy coherent patterns ol change. In some regions, the mean day of the
the 50th percentile ol annual precipitation was achieved diflered by
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ere-Ocean General Circulation Models (AOGCM) simulations of

H6-- 2065, and 20812100 was used to determine whether AOGCMs
representing the seasonal distribution of precipitation and to examine
hanges. Many ol the AOGCMs qualitatively captured spatial patterns of
he 19712000, but there was considerable divergence between

&ms of future changes. In both the west and southeast, 7 of 10 AOGCMs

H(; revised 3 July 2008; accepted 27 August 2008; published 5 November 2008.

tainment of the 50th percentile accumulation in 2047 2065, implying a
of the twentieth-century tendency toward relative increases in
eipt during winter and early spring over the southeast. However, this is
aracterized by considerable interannual variability in the percentile day
he historical period.
. C., and J. T. Schoof (2008), Changes in the seasonality of precipitation over the contiguous USA, /. Geophys.
doi:10.1029/20081D010251.
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 Introduction:

The explanation for regime of

streamflow has to be found
(presented earlier)

* Regime of climate characteristics
(air temperature & precipitations)
+ Scale in Regime - what is it?

* The model

* Results for discussion
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Factor Loadings, Factor 4 vs. Factor 3 vs. Factor 1
Rotation: Varimax normalized

Factor Loadings, Factor 1 vs. Factor 4
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Station SO005E, precipitations
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Scale in Regime —
what co thio?

* Streamflow
* Precipitation

* Upper Peninsula (UP) of Michigan
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Precipitation from Global grid

Time series

) gathered in initial
Projects matrix:

- {P2gx90}

Global Precipitation Climatology Project (GPCP)

Global Energy and Water Cycle Experiment .~ b

About GEWEX
- One of the major goals of GPCP is to develop a more complete understanding of the spatial and
Organization temporal patterns of global precipitation. Data from over 6,000 rain gauge stations, and satellite
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 observed 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
estimated error of the observations. However, realization of the full potential for the GPCP to provide P

Data Sets

Related Resources precipitation estimates for climate change studies, especially over the oceans, requires further
research and development. Specifically, investigation of inhomogeneities in the GPCP satellite
component data sets, and enhanced calibration and validation efforts, especially over open oceans,
are required.
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Average Annual Snowfall (inches)
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Location & elevation of 44
meteorological cooperative
stations with annual sum of total
monthly snowfall & monthly air

temperature On April 8, 2003

(www.osei.noaa.gov)
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Aunual & seasonal negime as a stwucture for monthly

Scatterplot (Spreadsheet7 3v*53c)
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2T
Model for simplified Fourier analysis: Xt =Xg+ 2. Aj cos (L t=ei)+ 2t
=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

No | T-period |A-amplitude [F]|¢ -phase | —e— Model —=— 300042 T ann |
[year] 52

1 62 0.703 -0896

2 18 0.402 3.325

3 11 0.373 -0.279 .

4 24 0.338 -1.567

5 39 0.284 -1.450

6 6 0.228 1.352

7 3 0.218 1.108

8 15 0.177 4.604 Y e

9 13 0.130 -1.311




Scale for time sences
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[year] [F] 5z
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R e e o e L e B e
7 12 0.886 1.957 8 § 3 R ! § B § R § 3 % q R
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Hydr. year
9 76 0.649 2.475
—&— Model —m— 300042 prec ann sum

70

" / A

50 » I . T
£

40 -

30 4

20 e

'1826-27
'1838-39

'1850-51" §

1862-63
187475 1
1886-87

1970-71

1982-83

'1994-95

2006-07 ]
18-

Hydr. year

208031




Ve Todel

The Gap between Simulation and
Understanding in Climate Modeling

BY Isaac M. HeLD

NOVEMBER 2005 BAMS | 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!




The Syotem Wodel
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Vertical slice of
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(after Krcho, 1978)




Syotem Model for Landocage
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a,- hydrosphere,
as- lithosphere,
a,- pedosphere,

a5- biosphere.

Each of these components may be
characterized by matrix of input {Wi},
matrix of output {Qi}, &

matrix of states {Hi}.



The number of characteristics for
elements of landscape and watershed is
unlimited but for stable landscape the
set of watersheds or stations with data
allows to obtain statistical description of
connections.

{Ri} Axis for hydrological space -
is a matrix of relations factors (principal components)
between parts of landscape. of initial data matrixes
Entering the codes and nhumbers {Xn*p},
for initial matrix {X,.,} we allow consider
open the way to recovery {Ri}

connections those exist in landscape as a time spatial structure.



Deéscover of cnuiocble structure

Long-Term Ecological Research
and the Invisible Present

Uncovering the processes hidden because they occur slowly or
| because effects lag years behind causes

; |
John J. Magnuson JulylAugust 1990




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’rr'aigh’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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Scientific research
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