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Topics

An introduction:

Map is an universal media to reflect the time spatial distribution of

water resources (WR)

Model & analysis of WR distribution:

geology in MN landscapes & water balance of watershed

Types of data (hydrologic, numeric & classification) & analysis to eliminate
the influence of climate change

Research results:

main patterns of stream flow & seasonality of stream flow

Map of WR as result of statistical analysis of landscape originated layers &
role of geology & hydrogeology in controlling maps’ boundaries

Map of WR & analysis of regime — the way to include climate influence to
monitoring & manage WR

2009 year of Science.

For discussions: The hydrological structure in landscape



Map of Water Resources & Wars over
The WR map has to be the Water - Infroducﬂon

base with the numbers for —
SUStaInab|e Water management DOI 10.1007/500254-008-1646-9 ||

ORIGINAL ARTICLE

QP

PoStead-6-NO200

Sustainability of groundwater in Mali, West Africa

A. Lutz (<) - J. M. Thomas - G. Pohll - W. A, McKay
Desert Research Institute,
University and Community College System of Nevada,

-y Reno, 2215 Raggio Parkway,
Oct/Nov 2009, vol. 47 no. 6 Reno, NV 89512, USA
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M. Keita
World Vision Mali Rural Water Project, Bla, Mali
Conservation Received: 16 April 2008/ Accepted: 1 November 2008/ Published online: 28 November 2008
B}’ Doreen Cubie © Springer-Verlag 2008
i The Water Wars Move East iy,

As states in the Southeast fight over limited water resources,
conservationists struggle to keep the region’s river flows high enough to
sustain wildlife

Increase in Water Withdrawals,
1960 - 2000.

Nature Prec

Do nations go to war over water?

Wendy Barnaby was asked to write a book about water wars — then the facts got in the way of her story.

The United Mations warned as recently as last Allan had made the same assumption afew  literate younger generation, would catch on
week that climate change harbours the poten-  decades earlier when he set out to study the  better than his own term. And he was right:
tial for serious conflicts over water. In its World  water situation in Libya. By the mid-1980s, “From there on it flew;” he says.
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Water Resources Development, %{ Eﬁfﬂ?ﬂ. ge
Vol. 24, No. 2, 201-215, June 2008

Wake Up to Realities of River Basin Closure

MALIN FALKENMARK ™ & DAVID MOLDEN™"
#Stockholm International Water Institute (SIWI), Stockholm, Sweden; ~“International Water Management
Institute (IWMI), Colombao, Sri Lanka
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Figure 1. The process of closure over time. In open basins more water can be allocated and diverted,
while in a closed basin, flows are over-allocated and diversions of water have impacts on the levels
committed for environmental flows and downstream users. Source: From Water for Food, Water for
Life: A Comprehensive Assessment of Water Management in Agriculture (http://www _earthscan.co.uk)

Do we know

the time spatial
variability

of water
resources ?

For Minnesota...

The hydrograph
represent the river
discharge & reflect

annual variability.
The monthly

max & min discharge
(Qmax & Qmin)

are significant
characteristics for
hydrograph



Water Resources

map for MN

Climatic Change (2009) 95:219-230
DOI 10.1007/s10584-008-9519-5

Cartographic design and the quality
of climate change maps
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1 - icecop divizion
2 = lcecap reglme mountains
'3 = subarctic division
Bl 4 - gubarctic regime nountaine
B 5 - tundra division
& = tundra regime nountains
7 = hot continental diwizion
8 = hot continental regime mountaine
B 3 - narine diviszion
B 15 - marine regine mountains
11 = pediterranean divizion
12 = nediterranean reglme mountalng

13 = prairie divizion

B 14 = prairie regine mountaine

W15 - subtropical division

B 15 - subtropical regime mountalns
17 = warn continental divizion

B 18 = varn continental regime nountaine

B 19 = tenperate desert division

B 28 = temperate desert repine nountains
21 - tenperate steppe division

22 - temperate steppe reglne nountains

23 = tropical/subtropical desert divizion

24 = tropical/subtropical desert regime mountains
W 25 = tropical/subtropical steppe division
B 26 - tropical/subtropical steppe regine nountaine

B 25 - rainforest regime mountaing

38 - savanna regine nountains
31 = lakes

29 - savanna divizion
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ential in climate change research and policymaking. and are
municating climate change information to the public. The

The topography map is
useful tool for scientists
&

in daily life for everybody

Placed on Google Earth

the WR resources map

will became a useful source
of quantity information

for

scales & levels

from country & state

to county & small town
community
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Topic

Model & analysis of stream flow distribution:
geology in MN landscapes & control of water cycle



Model of 3D watershed in
K— HIGH ATMOSPHERIC LAYERS |and S Cape

AND ADJACENT COSMIC SPACE
.. (KEg) /

He, =200
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", o= hpdrosphere Vertical slice of the
R 8\ - o oo
== 22227748 ) :

Z 4 ] /i // / System of
Anthropological Geography
\ / (Sae) &
\ E = THE IORER OF THE / System of Physical Geography (S¢.).
\ faaTh (et ) Arrows indicate
/ _vertical & horizontal components of
/ matter, energy & information circulating
| (after Krcho, 1978)
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System model (a)

for watershed in landscape,
with map of conditions (b)
& multilayer Map (c)

C/ (sah / (Sa2, \\\

System of Physical
Geography Sphere (Sg;)
with five independent
elements:

a,- atmosphere,

a,- hydrosphere,

a,- lithosphere,

a,- pedosphere,

a.- biosphere.

The g, - stream runoff system
as a part of a,- hydrosphere

may be presented as:

(Sas),

Any watershed g; for territory may
be considered as a part of stream
runoff system Sg,

Each of these components may be S9, ={ g Rj 1

characterized by matrix of input {Wi}, where g;- watershed.
matrix of output {Qi}, & matrix of states {Hi}.
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Envirenmental Management (2000) 44:658-670
DO 101007/ s00267-009-9352-2

Ecological & (or) landscape| regionalization

Strong Influence of Variable Treatment on the Performance

of Numerically Defined Ecological Regions Ecological
N regionalization
T'on Sn Regionalization 1 g
John L 7 uses the same
. r ‘ — / statistical tools but
- -h_-.:rla —n / without sound
. Environmental | [ _ i
Environmental data space AggﬁﬁT;gﬁg”E Map n - region level Conceptual mUItI
scale model
Regionalization 2
' —J:-h-ajal—” / /
Dissimilarity Environmental Agglomerative ~ '
modeling space clustering Map n - region level
A ] Re
gionalization 3
- M e s s s =
]
i [y R . K
I — . n:. —_— —_—
! *fs Qg uipel n
: inl #a;-‘umlﬂw
 — ; o
~ Test Cut dendrogram p indivdual dissimilarity models and classifications Composite classification Map n - region level
Regicnalization 2  p - class level
Schematic description of the procedures used to define the three ecological regionalizations
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Watershed water balance must be related

to a region's geological conditions

=

E
Ep Ea P
Recharge areo - T
o= "orea " 05— "orec”
Cischarge areo T The groundwater part l

fi is on the next slide Té

{al {B)
Elements of watershed water balance:

P- precipitation, E- evapotranspiration, Q- runoff, Q.- the surface water
component of average annual runoff, Ex- the average annual
evapotranspiration from recharge area, E,- the average annual
evapotranspiration from discharge area, R- the average annual ground water
recharge, D- the average annual ground water discharge;

X--X'- cross-section from shown in (b) - quantitative flow net & recharge-
discharge profile in a two-dimensional section across the heterogeneous
groundwater basin (after Freeze and Cherry, 1979)
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D = Discharge area

R = Recharge area
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Cross-sections for
different hydrogeological settings,

showing the influence of stratigraphy

and structure on regional aquifer
occurrence
(after Freeze and Cherry, 1979)

3th dimension for
watershed



Geological maps &
hydrogeological regionalization

g Geological Principle rock
e . structures types

ed 6 Nov2009
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b
LOBES., SUBLOBES, AND PHASES IN THE MINNEAPOLIS

me
QUADRANGLE
MNumbers indicate relative ages of surface tills in respective lobes and
sublobes (oldest to youngest) in this quadrangle. Relative ages in part

are interpreted from relationships in adjacent quadrangles. Hachures in-
dicate inferred advance limits. Arrows indicate generalized ice flow.

SCALE 1:5,000,000
. c LES
6° QUADRANGLE, UNITED STATES

Tn:-l!-ﬂn HITED

| | minana

70y U L
F THE MINNEAPOLIS 4° x

State compilations by
Joseph E. Goebel, David M. Mickelson, William R. Farrand, Lee Clayton, James C. Knox, Adam Cahow, Howard C. Hobbs and Matt S. Walton, Jr.

Edited and integrated by
a2 Gerald M. Richmond and David S. Fullerton

SCALE 1:1 000 Q00 1983
QUATERNARY GEOLOGIC ATLAS OF THE UNITED STATES
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Maps for hierarchical
hydrogeological regionalization

L1 Jotmees L\
02550 100 150 N
PRECAMBRIAN IGNEOUS AND METAMORPHIC - B
PROTERCZOIC AGUIFER - B1
RED RIVER-WINNIPEG AQUIFER - A7
P SILURIAN-DEVONIAN AQUIFER - AB
SI0UX QUARTZITE AQUIFER - B3
ST PETER AQUIFER - A2
[ TERTIARY AQUIFER - A1

Bedrock Hydrogeology
[ £:vis 1K IROK-FORMATION AQUIFER - B2 I
1 CEDAR VALLEY-MAQUOKETA-DUBUGUE-GALENA AQUIFER - A1]
I CRETACECUS AQUIFER - K1
I FRANCONIA-IRONTON-GALESVILLE AGUIFER - A4
0 KEWEENAWAN VOLCANIC ROCKS AQUIFER - A8
MISSISSIPPUAN AQUIFER - A
MOUNT SIMON-HINCKLEY-FOND DU LAC AQUIFER - AS
I PAAIRIE DU CHIEN-JORDAN AQUIFER - A3

Geological maps must
used from for Hierarchical
Hydrogeological (HH)

Average Quartemary
Thickness {ft)
0- 150
wl.amo R
E1-5M

‘Watershed Boundanes

MU aumen L&
0®W W0 M0 M “

Hydrogeclogy
B 0 - Moty Grive |
[ 2 G & Sana
Bl - San & Gravel
[ o4 - Sand & Ciny.

I o5 - 5t Sand

Quarternary

1 e

} e I ’
WL
.T.& X

Section A - A'

Saction B- B

yeil) Hlorisenal Scala 1: 400,050

Explanation
A- One Ground Water layer (Paleozoic artesian aquifers)

Statewide Hydrogeological Units
Generalized Cross Sections

SEEBBEEEERE @

Explanation i

(See descrpbion ot wuts in

Esplunulion fon ciuss secliors

e B

) 3 dc Cr Weker g ey Braom el

[ BQ - Two Ground Water layers (Quaternary sedi and P ian E )

i b, 33

regionalization

- AlQ - Two Ground Water layers (Quaternary Sediments and Paleczoic artesian aquifers)
- BIKIQ - Three Ground Water layers (Quatemary sediments, Cretaceous confining unit and Precambrian basement)

BEEEE »
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System analysis for the map of
Water Resources (WR) ')

Data layers

Yield of Annual &
Feb - data

Hydrological Data — two maps

Boundary

Monthly Feb
Yield - variability

with different yield

Must determine

which of these layers has
the greatest influence on
boundary location

Resulting boundaries separate units
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Topic

Data
(hydrologic, numeric & classification)
&
analysis to eliminate the influence of climate change
(stationary approach)
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Data of conditions on maps & yield

ta F inability
129 Watersheds N

Map of Seil's Orders A

Only water resources (yield)
must be created by performing
system analysis; all other data
sources already exist
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SCIENCE VOL 319 1 FEBRUARY 2008
Published by AAAS

Stationarity Is Dead:
Whither Water Management?

P. C.D. Milly,"” Julio Betancourt,? Malin Falkenmark,* Robert M. Hirsch,* Zbigniew W.

CLIMATE CHANGE

Kundzewicz,” Dennis P. Lettenmaier,® Bonald J. Stouffer’

. te C\’\ange
C\\ma \\Y has

To complete research for WR map
The “Main patterns of stream flow” &

“Seasonal distribution of stream flow”

must be discovered & described
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System analysis of WR in MN

Table of research tasks, models, initial & results matrix

Initial matrix X v

Research Statistical . (b'
Group of tasks level method Matrices of results Final graphics & e
Rows t, n Columns p fa.
1. Identification and mapping of patterns of Time series (TS) . Ap.k—_d|mens|ons of process, Map of multi-yagIgighla }ttems.
- - A Global . Factor, Time grouping by types of regime Component curves erns and
multi-year annual regime variability (stream ; of discharge {Q..} . . 5
- F Regional Years i serries and Cluster F,.. — components for types of regime smoothed com urves.
o1, N UL I [ e el €5 Basin temp.{T,, } and analyses Ed - distances for watersheds Dendrogral ervation years
of watersheds or stations {W., } - precip. 4 ) e g on years.
i and observation years. Tables fomiiNeSeries parameters
2. Description of annual variability TS of discharge . . S@Xhlots (2D and 3D) of connections in the planes of
. X X Planet {Q..15 13} level A_,. — dimensions of process,
(dimension for intra-annual process, the "12.13 . Pk . actors
) ) ) Global 15 12h Factor, Time grouping by seasons regime K
most variable months and links with annual ; 112,13 . omponent curves for annual and seasonal runoff and
Regional Years temperature serries and F,« — components for seasons.
values) for runoff from watershed, ground / t smoothed component curves,
. Basin {T..;» 1o} @nd Cluster analyses Ed - distances for months - N
water level (GWL) in wells and data from - 12,13 N Tables for time series parameters
h - . Station . - and observation years .
meteorological stations, trend analysis M2187 Dendrograms of seasons and observation years
precipitation 0
Ay — structure of relatio @’ . .
3. Establishment of association between Planet TS of discharge Factor analyses & @ Scatterplots (2D and 3D) of connections in
X Global the planes of factors.
multi-year runoff parameters and other state ; Years {Q..}, and state Step by step Y=a, +2 a £ @ - X . — .
- - Regional N . Regression equation with other state indices or attributes
indices or attributes of landscape ! indices {H..} regression
Basin i of landscape.
rer‘ressmn
Watersheds. Average values of A ensm IS as number of seasons and Scatterplots (2D and 3D) of unification months in
4. Description and mapping of regional Global - ' runoff TS {Q..}, e of relations of months in a season p . .
; Stations or X i p X seasons and in year in the planes of factors.
features of seasonal average values for Regional Il of {Q.}and Factor analyses year £ distributi hed I . ith
runoff, GWL and meteorological data Basin wetot mejteodata TS \ -- location of watershed, well or station in Map of distribution watersheds, wells or stations wit
’ observation. kp ’ different seasonal pattern
{Tish Wik AN each season
\\ ) ) ]
5. Identification of relationship between _ Runoff O Ap,k— dimensions of process Scatterplqts_ (ZD and 3D) of connection of runoff
. Regional < ) i and structure of relations characteristics in the planes of factors
surface and GW runoff parameters, min and i Watersheds parameters Faator lyses N . K ST
Basin F.., — grouping of watersheds by generalized Diagrams of distribution of watersheds by runoff
max temperatures {0, Ko} k'n e e
i A characteristics characteristics in the planes of factors
\9; A, — object dimensions and structure of
Parametesof relations of runoff with
funo conditions of formation Scatterplots (2D and 3D) of relations of runoff with
6. Establishment of relationship between attn&m Factor analyses Fn — grouping of watersheds by generalized conditions of formation in the planes of factors
runoff parameters distribution and attributes Regional Watersheds ere and and characteristics of Scatterplots (2D and 3D) of distribution of watersheds by
of atmosphere and lithosphere components Basin " * sphere Step by step runoff and conditions runoff and conditions of formation in the planes of factors
for watersheds onditons regression Regression equation for characteristics of runoff from

[ Ko Ty W

jir

i

m
Y=a,+Z ax;+ e, -
i=1

regression equation

characteristics of conditions

7. Reevaluation and mapping of

units with quazi-uniform landscape
conditions (elements of regionalization),
reevaluation of the influence on river runoff
components

(ground water and surface)

Regional
Basin

Watersheds

Parameters of
runoff and
attributes of
atmosphere and
lithosphere
conditions by
elements of
regionalization
{qh’ kh, Hh}

Factor analyses,
Step by step
regression,
Student, Fisher and
Nonparametric
tests

A ., - structure or runoff parameters
relations by elements of regionalization

m
Y=a,+Z ax+e, -

i=1
regression equation

Table: Statistical criteria estimates of
divisions by elements of regionalization

Scatterplots (2D and 3D) of relations of runoff with
conditions of formation by elements of regionalization in
the planes of factors

Regression equation for parameters of runoff from
attributes of conditions by

elements of regionalization

Maps of rivers and ground water runoff




To eliminate
climate change
influence -

:use data for MN
from mutual
interval

(1955-79)

2009

Air tfemperature

s (Minneapolis) - a

~ Precipitation
(Minneapolis) - b
Stream runoff
(Red Lake River) - ¢

ture Precedings : doi:10.1038/npre.2009.3957.1 : Posted

Shifts in the mean for Ann T(F), 1891-2006
Probability = 0.1, cutoff length = 7, Huber parameter = 1
AR(1) = 0.00 (IPN4), subsample size = 4
Shift detection: Original data with AR1 correction, Plot: Original data
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Topic

Research results:
Main patterns of stream flow &
Seasonal distribution stream flow



Results of stream
flow pattern analysis

1935-87

HAN S HIERA WP HAN
W 1 MEQIPACHA M MPWPOOHLIE PECYPCEI 1999

FEOTPADTHA 3A PYBEROM

WV 551,48 (776)
B A TIFAMVATEEEL, BC A JEROHCTOH., I 4. MOERC

HCCAENOBAHHE MPOCTPAHCTEEHHO-BPEMEHHOH FEMEHTHBOCTH FETHOIO
CTOEA INTATA MAHHECOTA (CHLA) HA OCHOBE BEFPOATHOCTHBIX MONETER

Patterns of Stream Runoff in Minnesota

Location of Gauging Stations with

Factor Loading (¢, d and €) and Graphs of

Five Factors Scores.

i
2

i 1
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A 3hFL>05
@ sthFL >[04

@ 2ndFL >05

W 4hFL >05

T 100

200

1934 1339 1944 1949 1354 1959 1364 1362 1974 1379 1384
Yeare

Shmagin, B.A., Johnston, C.A., and H.D. Mooers. 1999, Research of space-time changeability of
Minnesota, U.S. river nflow on probability model base (in Russian). Russian Academy of Science.
Sibertan branch. Geograftia 1 prirodnye resursy (Geography and natural resources), No. 1, 134-143,

Research was completed 1998 but was not
published in full by English language journal

o7 mz: Az %z O:s

. |
i - : .
LA A7 %ﬂa 150 19sa 1960 1970 1Sa0

Fuc. 1. [IpoCTRAHCTBE - BPEMEHHAR AIMEHTRBICTE PEYHOID CTOKA HA Tepporopis MuEHBeooTsl.

=5 — merope; rpaHHUE; § — ey Geccefines (1 = Per=Pusep, [I — ca. Bepureee, 11T — p. MucowcHIHy, 7

SETENRHED, & — rpadiee Koo ReHTHMY Kpimay fakropos (AT - @ — anmedntl e, § — QakTopahe aHavess,

El NCEHEHGM MATOA CTenEHH; o oow X mepHea vafimoaessii 19H— 1988 rr, o ocn ¥ = gaxropias amameian
AgTre yor ofioaH. cM. A TexCTE.
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Location of Gauging Stations with

Factor Loading (c, d and €) and Graphs of

Five Factors Scores.

aator 6 56
# = B S B
EEEEBEEBESE

T334 1335 1344 13439 1352

1955 1364 1359 1374 1373
B

@ 2ndFL >05
| 4thFL >05

A 3nhFL>05
@ sthFL >[04 Data analysis reveals
four independent
1934 193% 1944 194% 1954 1123'5; 1964 196% 1974 137% 1984 patterns for four

Nature Precedings : doi:10.1038/npre.2009.3957.1 : Posted 6 Nov 2009

different region

s of MN

System analysis of stream flow pattern forms
the basis of data comparison for 1955-79
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Initial matrix for analysis
of seasonal stream flow
variability (1955-79):

Q(n*p) or Q(93*14)

where are:

n=93 — number of rows
or watersheds,

pP=14 — number of
variables or 12 monthly
proportions, February &
annual yield

Stream flow gauges &
watersheds for M
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The monthly stream runoff for

MN as a cluster tree
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)
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Jan

Dec

Feb

Y Feb [cfs/mi2]
Aug

Sep

Oct

Nov

Yield A [cfs/mi2]
Mar

Apr

May

Jun
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Tree Diagramfor 14 Variables
Ward's method
1-Pearsonr

The monthly February
yield distributed over
MN in group of winter

months, the annual

also connected to fall
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The monthly runoff in MN as

Factor Loading structure

Factor Loadings, Factor 1 vs. Factor 2 vs. Factor 3

Rotation: Varimax normalized
Extraction: Principal components

Table of Factor Loading of
monthly proportion for 1955-79

Factor 1 Factor 2 Factor 3
N\
Mar Nov / 0.96\
Q
Feb Dec / 0.95 \
Dawn
AU Nov () Sep ! 0.92 ‘
O i
Sept Jan 0.91
COi i
P ; Oct 0.90
Feb \ 0.88 0.28
Apr
; Aug 0.84 0.37
— - - = I
_____ duF =~ o9
. s P R 0.90
-0.87
-0.39
Expl.Var 6.72 1.92 1.87
Prp.Totl 0.56 0.16 0.16




Factor Scores for watersheds in
coordinates of stream flow
monthly proportions in MN

€odes from

Codes from HH
regionalization

3D Scatterplot

3D Scatterplot
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Topic

Map of WR as
result of statistical analysis of landscape
originated properties (layers) &
role of geology & hydrogeology In
controlling maps’ boundaries



Multiple Comparisons p values (2-tailed); Yield A [cfs/mi2]
Independent (grouping) variable: CBy
Kruskal-Wallis test: H ( 3, N= 90) =61.71899 p =.0000
Depend.: 1 2 4 5
Yield A [cfs/mi2] | R:58.000| R:7.8571| R:73.875| R:29.829
1 0.00 0.31 0.00
2 0.00 0.00 0.24
4 0.31 0.00 0.00
5 0.00 0.24 0.00
Categ. Box & Whisker Plot: Yield A [cfs/mi2]
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Kruskal-Wallis ANOVA by Ranks;
Yield A [cfs/mi2]

Independent (grouping) variable:
Codes HH

Kruskal-Wallis test:

H (2, N=93) =38.44 p =.00

K
14/(.08-.19)
,03/(.01-.04)

D) L]

—

41/(.19-67) -

Kruskal-Wallis ANOVA by Ranks S
Y Feb [cfs/mi2] =

N16 /(:02-.25)

S
Independent (grouping) variab e‘% g ydrogeological Units
Codes HH =
. T ,‘
Kruskal-Wallis test: = N ]!(;dleo & three groundwaten flow:
e ield layers: Quaternary
H ( 2, N= 93) =29.65 P =.00 O (O | sediments, Cretaceous confining

Boxplot by Group
Variable: Yield A [cfs/mi2]
[ ]
L ==
I O Median
2 3 1 25%-75%
T Min-Max
Boxplot by Group
Variable: YFeb [cfs/mi2]
- o
3 1 25%-75%
T Min-Mex

unit & Precambrian Basement

A- One & two groundwater flow
field layers: Paleozoic artesian
aquifers (exposed or shallov
bedrock); Quaternary sediments
& Paleozoic artesian aquifers
(exposed or shallow bedrock)

B- One & two groundwater flow
field layers: Precambrian
Basement (exposed or shallow
bedrock); & Quaternary

sediments & Precambrian 100 160 200 T
Basement

Mean Annual & Yield
(1955-1979) for bedrocks

e L

0240 - ‘"}”X

Numbers show: mean yield / (quartile lower- quartile upper) [cfs/mi2]



Kruskal-Wallis ANOVA by Ranks; The yleld of stream

Yield A [cfs/mi2] - i

Independent (grouping) variable: flow is different for

Codes Qt . .

4 Categ. Box & Whisker Plot: Yield A [cfs/mi2]
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Caeo Box® Wiler Pox Yrebicam Kruskal-Wallis ANOVA by Ranks;
T YFeb [cfs/mi2]

Independent (grouping) variable:
Codes Qt’

Kruskal-Wallis test:

H (2, N=93) =36.89 p =.00

=
N

[
=}

I3
©

=3
o

YFeb [cfs/mi2]

o
>

o
N

T _ Mean Annual

=3
o

—— & Monthly Vield
(1955-1979) for Q sediments thickness [ft]

Q- thickness: 0-100 [ft], Q,: 100-150 [ft], Q5: > 150 [ft]
Numbers on map show: mean yield / (quartile lower- quartile upper) [cfs/mi2]
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Map of WR,
units & boundaries

Groups of watersheds recognized by mutual
landscape properties with statistically proven
Influence on hydrologic characteristics provide the
basis for regionalization & boundary location

The units on a map reflect regionalization with
average hydrologic characteristics with common
properties & range in yield

The values of characteristics on the map reflect the

Interval of observation (e.g. 1955-1979) & must be
placed In long time perspective
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Topics

Map of WR & analysis of regime —
the way to incorporate
climate influence on WR
monitoring & management



T -l- d Shifts in the mean for Ann T(F), 1891-2006

O S u y Probability = 0.1, cutoff length = 7, Huber parameter = 1
AR(1) = 0.00 (IPN4), subsample size = 4

Shift detection: Original data with AR1 correction, Plot: Original data

climate
.characteristics
& place the map
In Time

perspective for =
management of
WR

Air tfemperature

(Minneapolis) - a

Precipitation
(Minneapolis) - b

Stream runoff
(Red Lake River) - ¢ c§§§§§§§§§|§
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Spatial temporal structure of
annual air temperature regime in

Poly. (Factor 2) ‘
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Spatial temporal structure
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of annual air temperature
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WR map in 2009 year of Science

Charles Darwin shared.

e Big, old and complicated

Earth scientists learn to approach scientific questions from a unique perspective — one that

editorial

»
3 Olx A
- All geoscientists have an interest in some with an interest in pa
h . 1l o . .
= Ise umt._es mathemat_lc:lans turng () ) l ( ) - N f to place, wet tropical forests still exist as recog-
p canonical and chemists who de _ ].]_ 1— ]_(’_l _ ]_ ].g].].]_ () nizable entities on four continents. A combina-
scientists atmospheric chemists -

tion of physical and biological forces organizes

ther subject all consider themselv A . ’ R . » species into these predictable communities.
hding a physics  Charles Darwin — w CO 0 lca N\ tl u Ctu | | e Following Humboldt’s lead, scientists in
jn physics, attention in this douH - the 19th ut.:nlur_\-'hasscmblcd c.\'ld::nc: that the

This essay is the 10th in a
Fmonthly series. For more
on evolutionary topics
online, see the Origins
blog at blogs.sciencemag.
org/origins. For more
on ecological structure,
listen to a podcast by
author Erik Stokstad at
www.sciencemag.org/
multimedia/podcast.

oRIGINs Alexander von Humboldt compared the influence of elevation on plant
communities on Mount Chimborazo (left), ,'
Mont Blanc, and Sulitelma”.

In the zone. Alexander von
Humboldt (above, [eft) com-
pared the influence of eleva-
S T tion on plant communities on
Plaga squmenslis, lat, %107 Hown tomperatn, J R Mount Chimborazo (left),
Rarubolit. Rooylind:f ' o Mont Blane, and Sulitelma.
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The 200th anniversary of the birth of
Charles Robert Darwin falls on 12
February 2009. No single researcher has
since matched his collective impact on
the natural and social sciences; on w b
politics, religions, and philosophy; on art
and cultural relations. In this landmark

year, our Nature news special provides
continuously updated news research
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