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Introduction

Water Resources Development, % B?ﬂjfwgfmp
Vol. 24, No. 2, 201-215, June 2008 * \O :

?
CLIMATE CHANGE( x\(\& SV cCeS !
AND WA 1Q_;‘JR ( \ Wake U to(&eusdg)f River Basin Closure

OV
j( (\ r/ f (\ ALKENMARK & DAVID MOLDEN™

( J f‘st{)c,khnlm International Water Institute (SIWI), Stockholm, Sweden; ~“International Water Management
Institute (IWMI), Colombo, Sr Lanka
IPCC \T echi \ic ‘l a, fer W
] ( \ ELeted water

Total basin runoff

Time {one year)

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 A griculture (http://www earthscan.co.uk)
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Sustainability of ground water
resources on a map (un q@c &

boundaries)

North
Dakora

8:

« Motorcraft” Oll and fliter change
« inspect brake system » Rotate
four tires « Test battery and more

|1 (1-900-373.3411)

<coln Mercury Dealership .
daon the gu and save. :

s39 22
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COME IN. KEEP GOING.

Get Datalls .
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CR-77 begam!

irn LI 21?|r| ST/CR-24
Merge onto I-29 S.

. Merge onto I-90 E via EXIT 84A toward ALBERT LEA (Crossing into

* MINNESOTA).

Merge onto IA-27 S

Keep LEFT at the fork to go on US-218 S/IA-27 S

Take the US-218 S ramp toward WATERLOO.

: Merge onto IA-57 E.

. Merge onto 1-35 S via EXIT 159A toward DES MOINES (Crossing into
© IOWA).

: Take the US-18 E exit, EXIT 190, toward MASON CITY/CHARLES CITY
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Model of 3D watershed -
S hydrologic

AND ADJACENT COSMIC SPACE

e structure

ed 8 Oct 2008

——

Vertical slice of the

Geographical Sphere with

two independent elements:

System of

Anthropological Geography

(Sac) &

System of Physical Geography (Sg;).
Arrows indicate

Nature Precedings : doi:10 £938/npre.2008.2378.1 : Post

\ - mt wwik or T / vertical & horizontal components of
\ e matter, energy & information circulating
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System Model (a)
R for Watershed in Landscape,
iy & Multilayer Map (c)

27 AR N
e D | C / /S )/\\\ System of Physical
| @\, 4 ENZOM Geography Sphere (Sg;)
—— . L4 “"”7{\: with five independent
7 | s elements:

Asanil/
>\ A (Sas), a,- atmosphere,
Ty a,- hydrosphere,
N Asad, 7 (sl / as- lithosphere,

!
/| _ . a,- pedosphere,
NG N\ /{S/i’ (séj‘?/ a;- biosphere.
The g, - stream runoff system
Any watershed g; for territory makﬁ;?_”g 7se7 as a part of a,- hydrosphere
be considered as a part of stream =7~ / o 2 tod as:
runoff system Sg, may be presented as.

Each of these components may be characterized by Sg, ={ Qi Rji }
matrix of input {Wi}, matrix of output {Qi}, & matrix where g;- watershed.
of states {Hi}.
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Watershed water balance

Recharge areo

Cischarge oreo

{ql 1-)
Elements of watershed water balance:

P- precipitation, E- evapotranspiration, Q- runoff, Q.- the surface water
component of average annual runoff, E,- the average annual
evapotranspiration from recharge area, E5- 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)



Elevation & head
above datum, ft

Elevation and head above datum, ft

1600 1 Potentiometric surface

R b R

;

D

e

R = Recharge area

D = Discharge area

Watershed in
a landscape

Cross-sections for different
hydrogeological settings,
showing the influence of

stratigraphy & structure on

regional aquifer occurrence
(after Freeze and Cherry, 1979).
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The components of a hydrograph
& watershed characteristics

Q Discharge

tg = Duration of rainfall

L Crest | Recession
~<—Rising limb->+< n;<

Surface runoff

B

P — —

Horizontal line
for approximate
hydrograph
separation

Time

 l¢—————Time base T

Components of hydrograph (De Wiest, 1967)

The specific hydrologic
characteristics used in
analysis are:

- average annual stream

runoff rate or yield
[I/s/sq km or mm/year]

- average rate or yield of

minimal monthly stream
runoff
[I/'s/sq km or mm/year]

- monthly proportion of
annual stream runoff
[% or as a parts of 1.0]
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Analysis stream runoff in MN
for period 1955-1979

Initial matrix:

Q r Q * I TR AT g B
(n*p) O Q(g3+14) s e
DSS* z:mn ith?ﬁ I v

ik [IJ i : ' o ¥ I
05059 '}i@m e e
Narmutnged --ﬂ il o i
i 2 " i :

there are: .

n=93 — number of rows or Dvﬁ e
watersheds, et ]
p=14 — number of je
variables or 12 monthly
proportions, February &

annual yield
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Data & philosophy of analysis

A factor is a portion of a quantity, usually an integer or polynomial
that, when multiplied by other factors, gives the entire quantity.

The determination of factors is called factorization (or sometimes
"factoring"). It is usually desired to break factors down into the
smallest possible pieces so that no factor is itself factorable.

Factor analysis allows the determination of common axes
influencing sets of independent measured sets. It is "the
granddaddy of multivariate techniques (Gould 1996, pp. 42-43)
and was invented by Spearman.

Multivariate analysis is the simultaneous statistical consideration
of relationships among many measured properties of a given
system (Gould 1996, p. 42;).

The main applications of factor analytic techniques are:
« (1) to reduce the number of variables and

« (2) to detect structure in the relationships between variables, that
is to classify variables.

(From: Wolfram MathWorld)
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3D Sequential Graph of Monthly Proportions

The

, | “hydrograph”

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 cownstream users. Source: From Water for Food, Water for
- Life: A Comprehensive Assessmentof Water Menag inAgricul lwww carthscan.co.uk)
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The monthly streamflow in
MN as a cluster tree

3D Sequential Graph of Monthly Proportions

Tree Diagramfor 12 Variables
Ward's method
1-Pearson r
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Cluster trees for annual &
February runoff

3D Sequential Graph of Monthly Proportions

% Tree Diagramfor 14 Variables
= Ward's method

% 1-Pearsonr
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The monthly runoff in MN as
a cluster tree & Factor Loading

c_Posted 8 Oct 2008
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Tree Diagramfor 12 Variables

Ward s method
1-Pearsonr

Table of Factor Loading
of monthly proportion for

Linkage Distance

1955-79
L |
Factor 1 Factor 2 Factor 3
| Nov 0.96
Dec 0.95
Sep 0.92
Jan 0.91
Oct 0.90
Feb 0.88 0.28
Aug 0.84 0.37
Jul 0.91
= I Mar /0,90
/) Jun 0.84 ( -0.40
Mah -0.30 k).S?
Apr -0.87 -0.39
. Expl.Var 6.72 1.92 1.87
0 1 2 Prp.Totl 0.56 0.16 0.16




The monthly runoff in MN as

Factor Loading structure

Table of Factor Loading
for monthly proportion
for 1955-79

Factor Loadings, Factor 1 vs. Factor 2 vs. Factor 3
Rotation: Varimax normalized
Extraction: Principal components
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Factor 1 Factor 2 Factor 3
1.4
II:I.E I\/Iar Nov 0.96
0.8 Feb ¥ Dec 0.95
0.4 o Ngvﬁn Sep 0.92
02 T Og S@pqc Jan 0.91
QO
ol i Oct 0.90
2 Jul
A C:D Apr Feb 0.88 0.28
04 f ¥ Aug 0.84 0.37
Ril ; :
e | Jul 0.91
08 Jun
?E Mar 0.90
’ Jun 0.84 -0.40
May -0.30 -0.87
Apr -0.87 -0.39
Expl.Var 6.72 1.92 1.87
Prp.Totl 0.56 0.16 0.16




Factor 1 Scores of watersheds
in MN

1 : Posted 8 Oct 2008

onthly Proportion
r Period 1955-1979
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Factor 2 Scores of watersheds
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Factor 3 Scores of watersheds
in MN

©
flonthly Proportion

for Period 1955-1979

gactor 3 Scores
N~
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Factor Scores of watersheds in
coordinates of streamflow

monthly
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3D Scatterplot

proportions in MN
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Factor Scores of watersheds in
coordinates of streamflow
monthly proportions in MN
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Boxplot by Group
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Two maps with GW
recharge in MN
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101

there
of we

annu
code

matrix:

B/Q2
BIQ1 B/Q2

B/Q2

BIKIQ2

BIQ1

IBKIQ2  BIQ2

B/KIQ2

B/Q1
B/Q1
B/Q2

B/KIQ2

Q2 ATIQZ

B/IQ1

B/Q2

BIKIQ2 A2/Q2

KIQ2

A1/Q2

A1/Q2 As/Q1

B/Q2 A6/Q2

A1/Q2

B/Q1

A1/Q2
A2/Q1

BIQ2  Aqq2

A2/Q1
A1/Q2  A2/Q2

AQ2 A3B 402
A2/Q2 ¢
A2Q1

A3 & 41Q2 3

v A2/Q2
A3 & 4/Q1

Symbol (Recharge Rate: L/s/km?)

Hydrogeologic District
or Subdistrict

A1/Q1 (1.43)
A1/Q2 (0.70)
a2ia 2.90) [l
A2/Q1 (1.24)
A2/Q2 (0.26)
Az 4356
A3 & 4/Q1 (1.56)
A3 &4/Q2 (0.70)
A5 (1.71) ==
A5/Q1 (1.74)
A5/Q2 (1.06)
AB/Q1 (0.90)
AB/Q2 (0.31)
BIK/Q2 (0.20)
B/Q1 (0.90)
B/Q2 (0.31)

Minimal ground-water recharge based on
statistical analyses of watershed characteristics
for Eastern Central Minnesota
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Maps & regime -
units & boundaries

Groups of watersheds recognized by mutual
landscape properties with statistical proven influence
on hydrologic characteristics provide base for
regionalization

The units on a map reflect regionalization with
average hydrologic characteristics for those kind of
groups or its range

The values of characteristics on the map reflect the
interval of observation (presented case 1955-1979) &
have to be placed in long time perspective
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Regime
for long
time

interval

Air temperature
(Minneapolis)

Precipitation
(Minneapolis)

Streamflow
(Red Lake River)

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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Observed warming over several decades has been linked
to changes in the large-scale hvdrological cvele such as:
increasing  atmospheric water wvapour content;
Current water management practices may not\be robust
e o itCi enough to cope with the impacts of climate change on water
—— . supply reliability, flood sk, hgalth, agrniculture, enerey and
aquatic ecosvstems. In many [locations, water manjgement
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For discussion

Watershed as hydrological object has a time-spatial scaled
structure of interaction (straight & feedback connections) with
other components of landscape

System model (cyber model) of landscape allows to formulate
research tasks, develop methods of analysis, create databases,
interpret results & present they as a map

For results of analysis for MN number of factor’s axis create
seasonal characteristic space dimensions & distribution of
watersheds in this space depends upon its hydrologic
characteristics

Map of water resources reflect structure of connection in
landscape & statistical proven boundaries

Atlas for region fully represents scaled diversity of hydrological
time-spatial structure
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