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Introduction

This global energy model is a beginning toward an interactive model
in which the various impacts of human activity upon natural energy flows
may bé studied, and useful inferences may be drawn.

The model structure is designed to be of sufficient complexity
to be useful eventually in energy planning and in understanding energy
interactions. Each sector and interface of the model can be expanded as
deemed necessary to include details of energy flow processes.

The model is "quasi-dynamict. That is, steady-state power flow
and energy storage in the environment have been modelled. However a
great many feedback paths which are responsible for stabilizing or
destabilizing the system have not been included. The model presented
is therefore only accurate very near its operating point, and is not
useful in examining the effect of perturbations or stability.

The effects of man are two-sided. He can either affect the energy
environment by changing the level of an energy integrator (e.g., thermal
pollution), or‘he can disturb the stabiliiing feedback mechanisms (e.g.
changing the albedo). The model structure should be taken as the basis
for additional investigation. When particular aspects of the earth's
energy flows are to be examined, the pertinent feedbacks should be added
before plausible results can be obtained. Inclusion of all such feedbacks
in one model would be too great a task. The burden of proof fo; sufficient

characterization of these feedbacks will be the Achille's heel of this, or

any other model,



B 1085

In Part I of this paper, the structure of the model is described.
In Part II, parameters used in the model are discussed. Part III
describes the computer program and‘the results of runs in which natural
energy reservoirs were monitored versus predicted increased future

human energy demand.
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Part I ~ Structure

The structure of this global energy model is arranged in five
modules: 1) energy flow in the atmosphere (Fig, 1), ii) physical
allocation of the energy (Fig. 2), ilii) energy flow in the plant and
animal kingdom (Fig. 3), iv) human power generation (Fig. 4), v) human
power consumption (Fig. 5). The first two represent physical energy
flows, the third the energetics of the biological sector, and the
final two the cultural energy pattemns.

The input-output structure of each module is as follows:

I. Atmospheric:
PS - power from sun
PSR - power reflected

PSL - power incident to land

PSW - power incident to water

PSA - power absorbed in atmosphere
II. Allocation:

PIR - reflected power

PSP - power to plants

PMH - hydro power

PSH - direct conversion of sun
light to power

PPCD, PPR, PFD, PGD, PND, PHD,
PHIND, PHAD - power that has
been dissipated
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III. Bioenergetic:
PPCD

PPH
PAI

IV. Human Generation:
PFH
PFD

PGH
PGD

PNH
PND

V. Human Consumption:

+ PPR - power dissipated by
plants and animals

- plant power for human use

- animal power for human use

~ fossil fuel power to human

~ fossil fuel power to dissi-
pated

- geothermal power to human

- geothermal power to dissi-
pated

- nuclear power to human

- nuclear power to dissipated

PHD + PHIND + PHAD - total power

dissipated by human
consumption

For each module, internal structure will be described and explained,

including the relevant parameters.
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the following notational convention is used

P. ; is called a parameter, and its first

letter is always P, It has units of power.

P K is a transformation. It can be time-
varying, nonlinear, etc., but it is static.

The output parameter of transformation

P KisP e

E, is an integrator or accumulator of

power, and therefore has units of energy.

Summing junction, i.e. PZ = PX + PY

I. Atmospheric:

Explanation of parameters or transformations

PS

is the solar constant. It is the total radiation from the
sun incident on the upper atmosphere inclhding all wave
lengths. It has a variation of + 3% due to the eccentricy

of the earth's orbit. Since our time steps are annual, an

average value can be taken, Other orbital variations such as the
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period of precession are ignored. Disruptions of the solar
constant by the sunspot cycle are also ignored. They can
affect the intensity and wave length distribution of the
radiation by 1-2%,

The effect of clouds of water drop}ets is modeled by three

transformations.
PSCRK - % of incident power reflected into space
P§CAK - % of incident power absorbed by the droplets

PSCIK - % of incident power passed to surface

The reflectivity of clouds are determined by their height, thickness,
and whether composed of ice or water.

The effect of atmospheric scattering is modeled by two transformations:

PSSRK - % of incident power scattered into space

PSSIK - 4% of incident power scattered onto the earth's surface

Atmospheric scattering can be broken into two basic groups, Rayleigh and Mie
1) Scattering by air molecules (radius is small compared to wavelength
of radiation) scatters primarily the high frequencies (blue).
2) Scattering by haze and dust particles (radius comparable to
wavelength). This gives rise to more complicated relations of the
angular distribution of scatter,

Radiation that is not scattered or incident on clouds is considered

direct.
PSDIK - & of incident power directly incident to surface
PSDAK - % of incident power directly absorbed into atmosphere

Nearly all radiation over 2900 A is passed. Ozone in the stratosphere accounts

for absorption of high frequencies.
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PSILK - % of earth's surface that is land

A1l other surface is of course considered water. Partitioning of power to land
and water is assumed to be adequately modeled by % of surface. This assumes,

for example, the water and land have equal amounts of cloud cover.

. do ¢ . reflected power
Surface albedo is defined as "_-'-"_"E__—_lncment Strer at the surface of the

earth.
PSLRK - average land albedo
PSWRK .- average water albedo

The albedo of water is a function of the sun's elevation and the diffusivity

of the incident power.

II. Details of Allocation Module

The power incident to the land masses, PSL, is allocated as follows:

PSLEK - is the % of PSL used for evaporation

PSLPK - 1is the % of PSL incident on plants and therefore available
for photosynthesis.

PSLH - is the amount of power generated by the use of solar cells or
solar "'farms"

The remaining power of PSL is PSLS and this goes to sensible heating of

the land masses.

The power incident to water, PSW, is allocated in a similar manner.

PSWEK ~ % of PSW useci for evaporation

PSWPK - % of PSW used for photosynthesis

PSWS - power available for heating of water,



EI -

PIR -

PIT -

PLT -
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There are three accumulators of energy in this module:

This is the reservoir of internal energy of the earth. This
includes the sensible heat of the air, land, and water., EI is
related to the average global surface temperature of 14° C.
This is the reservoir of latent heat of vaporization., "It is

assumed that the annual changes of the latent heat of fusion

cancel, i.e,, there is no net glaciaticn, and therefore it is not

included in the model. No upper limit on the amount of energy
stored in this accumulator is included in the model.

This is the reservoir of mechanical energy. This includes winds
and currents, and the potential and kinetic energy of water on
‘land.

This is the power lost due to the earth acting as a radiator.
Although a great quantity of long wave radiation is radiated from
the surface, most it is absorbed by the o, and H,0 and reradiated
back down. Some of the power is fadiated up and some is lost in
the "window" between the CO2 and HZO absorption. Both of these
losses contribute to PIR.

is the infernal power contribution to the thermodynamical cycles
and circulations., This is physically generated by areas of
different surface temperature on the globe.

is the contribution to the therﬁodynamical cycles from latent
heat. Latent heat of vaporization is a very important factor of

atmospheric heat, giving up to 2/3 of its total.
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PIC - the sum of the previous two powers, and represents the total
power in driving the hydrological and thermodynamical cycles and
circulations,

PTI - is the power from PTC which re-enters the accumulator of internal
energy. This return of power comes from precipitation and the
convergence of flux of sensible heat,

PMM - the power from the thermodynamic cycles which drives the winds
.and currents,

PMI - the power released from winds and currents to internal energy
due to the viscous dissipation of mechanical energy.

PMH - wind power for human use extracted from the mechanical energy

reservoir. This also includes hydropowver,

IIT, Bioenergetic Module

The consecutive losses in converting wide-spectrum incident sunlight to
carbon compounds can be sumarized as follows: i) a loss due to the limited
useful wavelengths, 390-760 mu, ii) albedo loss, iii) loss of not falling
on photosynthetic tissue, iv) loss of not falling on photosynthetic pigments,
v) losses in the photosynthetic process in converting the absorbed sunlight
to carbon compounds.

PPCK - accounts for the efficiency of the above described processes

excluding the albedo loss, which was previously accounted for,

PPC - the gross primary production,

EP - energy content of total plant biomass.
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PPR - power dissipated from the plant biomass including respiration -
all energy losses in metabolism, primary heat, etc. - transpiration,

and any other losses which are proporticnal to biomass,

PPAH - amount of power contained in plants fed to animals which is under
man's control.

PPA - amount of power contained in plants eaten by herbivores in the
natural setting,

PPD - amownt of power contained in plants eaten by decomposers.

EA - energy content of the total animal biomass. This includes the
top three trophic levels - herbivore, carnivore, top carnivore,
and the plant decomposers.

PAD - vpower dissipated from the animal biomass, i.e. respiration.

PPH - plant power to human use, includes food and forestry.

PAH - animal power to human use.

Human Generation

PF - Source of fossil fuel power

PG - source of geothermal power

PN - source of nuclear power

PFEK - extraction and generation efficiency for fossil fuels

PGEK - extraction and generation efficiency for gecthermal
PNEK - extraction and generation efficiency for nuclear power
PFH, PGH, PNH - power for human use

P¥D, PGD, PND - power dissipated.
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V. Human Consumption

PH - total power available for human consumption

PHD - power dissipated in converting PH into consumer useful form.

Would contain, for example, efficiency of converting oil into home
heat., In this model PHD is returned to EI, while in actuality some
fraction would go directly to EL.

EHIN - total energy stored in industry, transportation, consumer goods,

. etc. which was required to turn it into items useful to man.

PHIND - depreciation and consumption of the energy in EHIN, When the energy
of EHIN is no longer useful to man it is dissipated to EI or it
goes into an energy ''sink', e.g., landfill. This later fact is not
reflected in the model,

EHA - energy in food accumulated for human use,

PHAD - power in food consumed and therefore dissipated from EHA.

Now that the micro structure of the model has been examined, some overall
comments and assumptions should be brought out. The two fundamental themes
running through the model are the first and second law of thermodynamics, That
is that energy at every point is conserved and that as energy passes through any
conversion there is an efficiency loss. The general tendency .of the process
modelled is to convert the high frequency sun's radiation into long wave heat.
This fact is however only accounted for indirectly in the model, Only the
quantity of power or energy is traced through the system and not its "qualitative"
aspects, These aspects show up in such places as the ability of plants to

utilize certain wavelengths - or water's albedo being a function of diffusivity.
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Additional assumptions were that tidal power was negligible, as was

the conduction of heat in rocks from the center of the earth, The latter

may not be locally negligible,

To regionalize this model from its present global form, one

basically has to allow the import-export of power from the energy inte-

grators, except for EP, and from the components of PH, and compute

regional values for all the transformations,

A summary of possible extensions which would add more basic form

to the model, not including possible feedbacks, are as follows:

a)
b)
c)
d)

break EI into the energy of the land, water, atmosphere

include the latent heat of fusion

split EA and EP into respective domestic and natural integrators
dissaggregate the human use module into at least industry,

agriculture, transportation, residential and commercial use.
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Part II - Parameter Evaluation

Evaluation of parameters has been done by analysis of relevant
literature. In some cases, information on magnitudes and relationships
could be used directly. In other cases, assumptions were necessary in
order to utilize available data.

Discussion of the data and assumptions follows. The work is intended
to serve the purposes of an aggregated steady-state global model which
may be separated into regions by area. Methods should be considered as
indication of how parameters could be developed by continued study of

each sector.

Total average solar power outside the Earth and Earth-Sun distance is @
350 W/mz. Division of this power is taken as that given by Flohn () i.e.
25% reflected, 1% absorbed and 14% transmitted by clouds; direct radiation
16% absorbed and 26% transmitted; scattered radiation 7% scattered upward
and 11% scattered downward.

Thus 17% solar power is absorbed in the atmosphere, 32% reflected
and scattered upward and 51% is incident on the surface of the Earth.

Total area of the Earth is 5.1x1014m2 of which continental area is 29%,

or l.49x1014m2, ocean area is 71%, or e.61x1014m2.(3)
The albedo of land and water is taken to be the same, 10%. This
reflectivity of surfaces is reported to range from 3% for some waters

to 90% for remote area snow. 4] Values could be estimated more accurately

for regions using FAO land use data ) to weight land area fractions.
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Energy flows and storage in atmosphere are those shown in

Fig. 6(1).

Organic

Total global net primary production has recently been reviewed in
a Symposium.(6] The value given is 100x109 tons dry organic tissue/year
from the continents and 55x109 tons/year from the seas for a total of
155x10% tons/year. (In 1970 Woodwell (7} cites 164x10° tons/year.) This
production is for about the year 1950-and is attributed 66% to terrestrial,
34% to marine and 0.8% to freshwater.(BJ (Freshwater ecosystems are given
as covering approximately 0.5% of the Earth's surface,)

Energy content of plants is 4.25 kcal/dry gram world average.(g)
Thus energy equivalent of 155x109 tons is 6.87x1017kca1 or 179 mw/m2 =
primary production, Using total annual solar energy of SlO.xlOlSkcal,
one obtains average conversion efficiency of solar full spectrum at
Earth surface to plant tissue of 0.13% (0.07% seas, 0.3% land).

3)

Respiration is taken to expend 50% of gross’production.( (In a

mature forest the figure is 80%(7), whereas figures of 20-40% are cited(lo)
for other ecosystems,)
For the organic integrators in this sector, World biomass estimated

12 tons dry.(s) (This is 18. KWH/mZ. Most of

9

for year 1950 is 1.84x10

this biomass is terrestrial (1835x10” tons). It is assumed that this is

total dry matter of living organisms. Animal biomass is taken as 10%

plant biomass.(ll) Thus plant integrator is 16.4 KWH/mZ, animal 1,6 KWH/mZ.
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7 tons/

Man harvests 3 from land about 1.3x109 tons/year and 1.7x10
year from water (88% from seas), Thus harvest is 0.85% of primary
production, which gives harvest of l.SmW/mZ. This is taken as divided
1.4 mi/n? in plant, 0.14 mi/m’ in animal harvest.

Feed to livestock is taken to have an energy content 10 times the
energy value of animal output to man., (_10) Fraction of primary production
grazed by feral herbivores is assumed to be 15%. (In a ''late successional
system 3%,(7) and in a freshwater aquatic system 34%(10) is cited.) This
gives 26 mW/m2 plant power consumed by feral herbivores. Remaining primary

production is available to decomposers,

Cultural

Data is selected for year 1970. The starting point is 1970 world
energy consumption (E) of 7x109 tons coal equivalent 12) or 100 wH/mZ- year.
It is assumed that this energy was 90% fossil and 10% hydro. (In U.S. it
was 96% fossil, 4% hydro(]'s). In less developed countries, hydro isa
larger share. Hydro contribution in detail is available(MJ). Thus fossil
power to Man is 10mW/m2, hydro is l.nml/m2 and geothermal, renewable organic,
wind and currents, and direct solar power are neglible in 1970. Nuclear in
1970 was 0.3%(15) of total energy supply in U.S. and is assumed neglible

16 as much

world-wide in 1970, Geothermal is not expected to contribute
as 0.9% in year 2000, wind as much as 0.3%, tidal as much as 9.% to world
power, Nuclear is expected to contribute over 30%. Solar power has large

potential.



B 1104

We assume that extraction and transport of fossil fuels consumes
10% of the mined energy. (In the case of nuclear the 10% would go mainly
for enrichment before use.) Thus 10 mW/m2 becomes 11 mW/m2 at the source.
Total power to human including orggnic power is then 11 + 1.5 = 12.5 mW/m?'.'
This checks with the estimate that Man's energy consumption is about 7%
of primary productioncs) or 7% of 179 mW/m2 or 12.5 mN/mZ. It is assumed
that cultural processes are 40% efficient in use of energy. (Based on
consumpfion in roughly equal parts: estimated industry efficiency 40%,
transportation 20%, heating and cooling 60%, electrical generation 30%). (15)

Industrial tangible capital integrator is obtained by assigning an
energy value to total world capital in 1970 of 6,250 billion 1963 dollars., a7
Odum suggests (18) a conversion of 10,000 kcal/$ in 1971, Assuming a rate
of inflation of 5%/year in energy purchasing power, 1963 dollars could
purchase 14,500 kcal, or 16.8 KWH. The total energy stored in tangibles
would then be 200 WH/mz.

The World ratio of energy to food production to that to all industrial
and etc. activity is assumed to be 10:90. This is based on the following
rough estimation. World ratio of harvest to total human energy consumption
is 0.85%/7%(3) as already noted, or 12%. Most of this harvest is coming
from intensive terrestrial agriculture which has a low fuel (food)-to-
food energy amplification factor. (As a guide, a high amplification factor
is 6, citedclg) for fish caught by atoll inhabitants. This natural harvest-
ing involves no cultivation and minimal transport and processing.) Thus we

estimate amplification factor of 2 for intemsive agriculture, or the energy



B 1105

expended directly is 50% of yield, In addition, non-direct energy con-
sumption for equipment and fertilizer further reduces amplification factor.
In U.S. 1963 agriculture, indirect energy expenditure was estimated to

equal direct (20) .

Agro integrator is taken to be 10% of annual harvest, or 15 WH/mZ.
This is based on approximately 5% seed stocks required(n) plus food
stockpiles, Another approach, suggested by Clapham, is to use 'Minimum
Prudent. Reserve" figures of U.S. and World agricultural bureaus.

Parameters are listed in Table I.



Parameters

PS

PSCDK 25.% PS
PSCAK 1% PS
PSCIK 14.% PS
PSDAK 16.% PS
PSDIK 26,% PS
PSSDK 7.% PS
PSSIK 11.% PS
PSA 17,8 PS
PSI 51,% pPS
PSILK 29.% PSI
PSIWK . 71.% PSI
PSLDK 10.% PSIL
PSWDK 10.% PSIW
PSLR

PPC

PECD

IECH

IAN

PECH

PAH

PCF

PEC

PAN

PAND

PFF

PFFDK 10,% PFF
PH

PHDK 60,% PH
PHTHK 36.% PH
PHCOMK 4,% PH
IEHT

I EHCH

B 1106
TABLE 1

350, w/m2

1. rnW/m2

360, m/m’

180. m/m?

16. KWH/m§ (1.8 w—yr./m2

1.6 KWH/m"(0.18 w-yr./m")
1.4 mW/m22
0.14 mi/m
1.4 mW/m%
26, mw/m2
150, mW/m2
18, mW/m
11, mi/m?

12.5 mi/m?

200. WH/mg (23.mW-yr./m2)
15. WH/m® (1.7u¥-yr./m2)
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PART III - Computer Program

A FORTRAN program was written to implement the global energy model
on a computer. The program was used to verify the consistency of the steady-
state energy flows and integrator initial conditions, and to calculate the
relative impact and effect of man's future énergy demand on the global energy
flows,

In the first step, values for the model parameters which had been obtained
from the literature were entered into the program. Steady-state runs were
made and parameters adjusted until a set of energy flows and integrator
initial conditions were obtained which were consistent with the literature
and yielded a stable model. The model parameters obtained are given in
Table II.

In the second step, predicted future human energy demand to Year 2080 an
was entered into the model as a time-varying parameter; with the assumption
that human energy deman would be satisfied by a mixture of 54% from fossil
fuels, 30% from nuclear power, 10% from direct solar power, 5% from the earth's
mechanical reservoir (e.g. wind or hydro power), and 1% from geothermal power.
Human use of plant and animal energy was assumed constant. (This source is
expected to increase but at a lower rate than the other energy sources.) The
impact on the environment resulting from the future human energy demand was
determined by comparing the resulting human energy flows with the correspond-
ing natural energy flows, or determining the effects of the human energy flows
on the natural energy reservoirs under the assumptions of the model.

Significant results include an increase in internal energy in 110 years
from 55.8 to 56.0 watt—yr./m2 which corresponds to a proportional rise in the
Earth's average tempecrature from 287° to ZSé.Zok (140 C. to 15.2°CJ, and

human -heat dissipation into the enviromment equal to 1.6% of the natural global
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energy flow into weather cycles. Also, the energy extracted from the
Earth's mechanical reservoir in 110 years will equal 3.2% of the energy put
into this reservoir by the weather cycles, with a resulting decline of
3.0% in the energy stored in the mechanical reservoir.

Included here are model output graphs for the next 110 years of the
assumed human energy demand' (Fig.7); ratios of human energy dissipation
to natural energy dissipation (Fig. 8) and to energy flow into weather
cycles (Fig. 9); and graphs of internal (i.e. heat) energy reservoir (Fig.
10) and the Earth's mechanical energy reservoir (Fig. 11).

Although the model does not include any of the natural feedbacks
(e.g. cloud cover, carbon dioxide concentration, glaciation) which may have
stabilizing or destabilizing effects on global energy flows; these computer
outputs show that man's use of energy will result in significant contributions
to these flows with possible adverse effects on the Earth's climate or
weather patterns in 110 years.

A listing of the program is included here in Appendix 1.



PS PPH
349,000 0.0014000
EL EM
1.92999 0.0134995
PSCRK PSCAX
0.249996  0.0099998
PSILK PSWRK
0.289993  0.0799980
PLTK PITK
30.4995 0.259995
PPRK PPAK
0.0999985 0.0139997
PFEK PGEK
0.899994  0.899994
PHDX PHINK
0.599991  0.359993
PHFK PHGK
0.539978  0.0099998
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PARAMETERS
TABLE IT

Power in watts/m2

Energy in watt - year-s/m2

PAH
1.400E-04

EI
55.7998

PSCIK
0.139996

PSWEK
0.359993

PTIK
0.976974

PPDK
0.0839977

PNEK
0.899994

PHAK
0.0399990

PHNK
0.299995

PPAH
0.0014000

Ep
1.79999

PSDAX
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1. INTRODUCTION: THE ENVIRONMENT PROBLEM AND ITS RELATION TO
SOCIETAL DEVELOPMENT
1.1 General Environmental Considerations for Policy
The objectives of the Working Group "Environmental Impact
Assessment™ (EIA) in the Multilevel World Model Project are threefold:

- to analyse environment issues and the environmental consequences

of Man's activities

- to develop submodels for the World Model such that environmental

considerations can be included in trade-off policy analyses

- to find and test specific policy recommendations for improving

the environment.
Fig. 1.1 will serve to recall the view of Man's situation taken in the
Multilevel World Model approach. We will not repeat the description and
interpretation of this hierarchical system, as this has been done by
M. Mesarovic and E. Pestel early in this Symposium (see also Le0 , 681

A statement on what we mean by "enviromment" is in order, though.

For our purposes it seems useful to distinguish between three types of
environment:

(i) Natural Environment (Geophysical + Ecological + Technological
Levels), of which Man is not considered a part but which he
influences through technology;

(ii) Sociopolitical Environment (Economic + Institutional + Socio-
political Levels), describing how individuals, groups, nations
etc. are embedded in their larger social enmvironments;

and (iii) Human biological and psychological Environment (the top two

Levels), which stand for the "milieu interieur' of Man.



B 1125

WELSAS TWININOIIANG S, 40 MFIA CRINLIMILS “IATLWOAINT N T'T "9Id

VIRLS
TN

VIWLS dnodd

VIWLS
TWNAIAIONI

i
5
|

= Bt o s

0 (INFNONTAND
‘, Jé:Eszu_ommmmmuom& _
m

EESEE%EL ‘

: ﬁ_mmx%o_m HL 40 $35S3004d
AT 1901003 2

“
i
s i e 3
t
{

"(§3553504d
“IVANLYN NO NV 40 JON3MT4NT)

o TAT WOIoTONDAL ¢,

; " (INTOJMITA JTWONGD3 |
! NY WOMd ALIALLOY NYWH) ¢
T JTWONOD: :

P SNOILVZINYN0
: VW03 40 zoEzEw *
q:

L. 2 el MOTIEICHE 25,
oo zo-mwzod.ﬂ:éogu ]
! VW04 40 NOILONNd) {
_ TAT] WOLLII0A0I0S 9

foum s

H

(SWRON WNQIAIQNT) |
TAT1 TI90T0HASd 3£

Ao nrt A e e s

ey

(WNAIAIONT 3HL w
m_on_m_nvzm._.wcm_n_Omzo:.Ezcuv

T TWI01018 N H wM

e sy

)

|

_

m

V WLYLS
WS

!

/

WLWHLS
"TWNOTLVZINY940

WLVELS
NOLLY INL&i04
SWHON

B



B 1126

Unless otherwise stated, EIA refers to Man's impact on natural
environment (i). Of course, changes in the natural environment feed
back to enviromments (ii) and (iii) and produce changes there.

These three larger subsystems are Tapidly becoming more and more
intensely interdependent, as illustrated in Fig. 1.2a. Any of the
scenarios on population, food, energy and resources, or economics dis-
cussed at the Symposium constitute drastic examples of this growing
interdependence, although none of them have yet explicitly reflected
the issue of envirommental impact in their model structures.

In preparation of this next very necessary step toward our objectives,
we first have to find a conceptual foundation adapted to the overall
approach taken in the Project. In addition to working definitions for
"natural” enviromment and its subsystems (see also W9] and [25}), we
also must identify the types of interaction between the Natural Levels and
the Technological Level before we can speak of specific environmental
impacts. Fig. 1.2b gives a first indication of the basic subsystems in-
volved:

The Technological Level deals with those production processes which
are of interest in a given scenario, i.e., it deals with specific techno-
logical alternatives. This distinguishes the Technological Level from
the Economic Level which takes into account the entire economy of a
region. However, each specific technology must be represented as com-
pletely as possible so thatits entire spectrum of emissions and wastes
and their corresponding quantities may be totally assessed. This is
necessary for a meaningful comparison of technological alternatives
w.r.t. their effects on environment.

The basic technological processes are shown in Fig. 1l.2c. Man's

material activities can be completely described by these 4 processes.
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Fig. 1.2b might seem to suggest that EIA is a subtask of
TA (Technology Assessment), concentrating only on the environmental
consequences of technological change and neglecting the economic,
sociopolitical, and cultural-normative effects. Furthermore, the
scheme might seem to contain a bias toward a "passive' view of an
environment affected by Man's economic and technological activities
instead of being actively shaped for the betterment of Man's situatiom.

Unfortunately this criticism is justified for most TA and EIA
activities to date. In our approach we avoid this bias by using TA
and EIA as analysis tools in a more comprehensive policy search process
guided by the norms and goals of society e8] . Fig. 1.2c indicates
that this can be done, e.g., by introducing also non-economic policy
variables affecting the technological processes.

Back to Fig. 1.2b: the emissions and waste - and also the
natural resources and the energy used in the technological processes -
affect the Ecological and the Geophysical Level. The view taken here
suggests that the disturbances do not directly affect the biosphere
but indirectly by changing the physical state of the abiotic environment.
Because of the size of the World Regions considered and because of the
long-term problems addressed in the Project the first submodels of the
physical state of the ecosystem developed so far had to be macro models
of material and energy flow [12,24,50,52,73) .Present Project strategy is to
develop as complete a set of these macro cycle models as necessary for
an adequate representation of physical state in the context of the
long-term global problematique.

A much more complex problem is the analysis of biological state.

E.g., the analysis of species development requires a far higher degree
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of spatial and temporal resolution than physical state while at the
same time, e.g., processes of ecological succession take something

like 105 years to develop. It is a truism to add that ecological theory
is yet far away from successfully tackling such dilemmas, that theory
and empirical knowledge have only begun to converge, and that only
recently the more classical approaches (“niche", predator-prey, biomass
flow, climax equilibrium after succession etc.) are being expanded

and synthesized into more powerful systemic approaches. For a concise
overview of the evolution of ecological theory see [79] .

Finally,. on the Geophysical Level processes of resource extraction,
climatological and meteorological processes etc. are modeled, as far
as they are relevant to a scenario under investigation [12, 53] .

So far the approach adopted here is not in principle at odds
with "classical" ecology oriented along botanical and zoological limes,
although problems of scale would seem to prohibit the mosaic-like
decomposition necessary to arrive at the sufficiently self-regulatory
ecosystems which classical ecology is interested in. The main difference,
however, lies in the assumption here that Man must often be seen as an
integral part of the ecosystem and not merely an external disturbing
factor. Fig. 1.6 illustrates the emphasis we put on the management and
control of ecosystems and on inclusion of environmental aspects in
comprehensive planning. An account of where the EIA Working Group
stands w.r.t. ecosystem theory is given in [15] .

After having described the basic material processes through which
Man interacts with the environment we are faced with the task of
defining some operational measure of Man's impact on nature. Fig. 1.3

serves to illustrate the problems that arise:
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(i) We must be clear about what we want to observe. In the simplest
case one can express a set of observables as state variables (e.g.
CO2 concentration in air, mumber of cows in Germany, or the intensity
of natural radioactivity). More frequently, however, relevant characteris-
tics of a system are more complex and have to be expressed as indicators
(e.g., "quality of life" as a function of individual mobility, material
standard of living, life expectation, etc). Usually such indicators
are given in quantitative terms as some combination of state variables
which are assumed to be indicative of the characteristics (e.g., mobility =
f(cars/capita), material standard of living = f(GNP/capita, etc.).

We believe that no combination of state variables or indicators

is powerful enough to tell us where a system is going if the essential

structural relationships behind them are not seen. Therefore we prefer
to derive indicators by complexity reduction from dynamic models (see
also Fig. 1.6).

Therefore, in Fig, 1.3 "environmental state" means either a state
variable or an indicator derived from an environment model. Thus
"environmental state' can be either a parametric or a structural measure.

(ii) Terms of reference are needed as a basis for comparison.

Here it is useful to distinguish three cases:

curve (1) - The "natural" state (unperturbed by Man) is known or can
be inferred with sufficient precision.
Example: Natural levels of radioactivity.

curve (2) - Environmental state as unperturbed by Man cannot be de-
termined or is of no interest, but the combination of Man
and Nature can be.
BExample: The number of cows in Germany.

The third case, which is the most relevant one for long-term planning

or forecasting, is an in-between of the first two: for the past, the

present, and the near future the "natural' state can be determined, but
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not for the more distant future, because the structural relationships
of Man's interaction with Nature are not well enough understood.

Example:C0, concentration in the atmosphere. We know how it has
increased from pre-industrial times until mow, but we do not know
how the burning of fossile fuels, the intensification of agriculture,
the pollution of the oceans etc. might affect total biomass and the
global COZ-cycle.

(iii) Environmental impact is then the difference between the

reference situation and that of some alternative development. Here

several cases seem important for analysis:

(a) For "ex post" analyses the difference between curves (1)
and (2) measures the impact of Man on Nature. Not indicated
in Fig. 1.3 is the possibility of comparing different past
developments in similar systems that were impacted upon in
different ways, e.g., similar soils that were used with
different agricultural technology (''case study" approach).

(a") If curves (1) and (2) can be extrapolated with some confidence
over the time span of interest, then their difference can
be used as a reliable measure of impact. This is then also
true for the analysis of policy alternatives as indicated
in the diagram.

(b) The difference between trend extrapolation ("'standard m')
and the development under some policy is an important measure
of impact that can be used even if the "matural'' state
cannot be inferred.

(¢) The direct difference between the outcomes of two policies
is perhaps the most useful measure of impact for two reasons:
Like definition (b) it does not require knowledge about un-
perturbed Nature and, secondly, it provides necessary in-
formation for a comparative cost-risk-benefit analysis of the

two policies.
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This brief discussion of the envirommental impact concept, however
incomplete, illustrates one important point:

Environmental Impact Assessment (EIA) is not an autonomous planning

tool. Its full significance unfolds only when used as an input for policy

assessment and evaluation. In the following we explain how EIA can be

used for this purpose.

Fig. 1.4a illustrates the functional steps and their general
sequence in an integrative planning process:

Values, expectations etc., here simply called norms, determine
the broader goals set by policy makers. Example:The desire to create
.for our children and grandchildren a better environment and sufficient
resources will make us search for new options in energy policy based,
e.g., on solar and geothermal energy as well as on more conservative
energy consumption patterns.

Within the policies the planner will consider several strategies
that show some promise. Example: An energy policy based on cooperation
between o0il exporting countries and an oil-based industrialized nation
might be attainable by a strategy of heavy investments by the industrial
nation for development of large-scale solar energy in the oil exporting
nations.

The strategies in turn must be assessed and evaluated as to their

feasibility. Here an EIA will help to discover what the environmental
consequences of such strategies might be. Of course, all along there
are feedbacks to the higher steps, and the search process is strongly

iterative, providing for the generation of new alternatives as well

as for a discarding of unpromising alternatives.

Example: The comparison of two different investment strategies for



-
I
|
|
|

B 1136

NORMS

| }

GOALS

1 }

POLICY

Y 3
STRATEGY

—— — — — ———— —— — —— —

I
PRELIMINARY ASSESS -

'MENTiAND EVALU.;XTION

SPECIFIC_ACTION
(e.q. INVESTMENT)

DETAILED ASSESSMENT
AND EVALUATION

]

—

|
|
I
I
I
|
|
|
l
|
I
|
l

TRADE -OFF

S

1 !

DECISION

1 }

IMPLEMENTATION

1 !

POST MONITORING

Fig. 14a FUNCTIONAL DIAGRAM OF EIA IN AN

INTEGRATIVE PLANNING PROCESS

> EIA

=

OTHER
CONSIDERATIONS



B 1137

developing new energy sources shows that early massive investment
requires less capital than delaying investments to a later point in
time, thus allowing the allocation of more money into the development
of low-pollution technologies.

Finally a set of thoroughly EI-assessed strategies remain, but
which have not been assessed and evaluated from, say, a sociopolitical
point of view. These must then be traded off against other issues and
interests. Of course, the earlier the more important issues and interests
are included in the analysis the greater is the chance of a proposed
alternative to "survive" the final trade-off by those who have the
mandate of decision.

Finally, a decision is made and implementation begins. The ensuing

changes in the system are monitored, thus enabling us to increase our
understanding of the environment and to learn how we can more effectively
shape the future.
A critical look at Fig.1.4a reveals several problems and weaknesses
of a purely functional approach to planning:
(i) The division of labor, the distribution of mandates (power),
and the diversity of interests and needs in today's societies

are only implicitly recognized. The "mandatory" approach must

be included.

(ii) Because of the strong interdependence between the critical
issues with which Mankind is confronted, an interdimensional
systemic approach is needed. This means that comprehensive
policy analysis cannot be decomposed into an issue-by-issue
analysis (e.g., first economics, then environment, then
energy, then food, etc.) but that a holistic, problem-oriented

approach must be taken.
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(iii) Finally, each functional step in planning requires a specific

methodical approach suited to the specific function to be

performed.

Tn the following we will explain briefly how the above aspects
can be brought into a comprehensive planning approach (see also (91 ).

To (i): Fig. 1.4b shows a so-called "procedural pathway', which
is obtained by plotting each of the fimctional steps of a process against
the corresponding performer(s) or "mandate(s)". One purpose for doing
this, e.g., is to identify likely institutional (and other) constraints
as well as their corresponding time delays. The following example might
serve to illustrate the usefulness of this approach: (1) The press reports
on the dangers of heating rivers by additional power plants, which alerts
some public groups. (2) These groups demand from Parliament and ministries
an investigation of the issue. (3) Power companies, miners' unions
etc. activate their lobbies in the ministries to defend their interests.
(4) Parliament demands decision aid from the ministries. (5) Before
changing energy policy experts have to be consulted. (This step will
take place repeatedly before a final policy will be decided upon) .
(6) A first set of new policies is formulated. (7,7') The proponent
of a plammed power plant, who belongs to a multinational corporation,
applies for concession rights. (8) Environmental protection laws passed
by Parliament must be considered in policy evaluation by the ministries.
(9) The environmental protection agency brings in new doubts about the
set of policies formulated by the ministries. (10) A second multi-
national corporation is told to lay open the reasons for its latest
price increases. (11) The second "multi" finds out about the application
of the first "multi'". (12) 'Multi'' No. 2 puts pressure on "pulti' No. 1

to modify its application for concession rights. (13) Slowly the
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ministries begin to find specific strategies within each of the energy
policies still under consideration. Example: Policy No. 1 might be
to decrease oil imports in order to improve balance of payments. A
strategy within this policy might be to invest heavily into coal mining
and into R& D for coal liquefaction and gasification. (14) Parliament
wants a study from the Ministry for Research and Technology on power
plants. (15) This task is delegated to the appropriate government
agencies. (16) These agencies ask for information from the power plant
proponent. (17) The proponent turns to a consulting office for backing.
(18) The consulting office furnishes a favorable expertise. (19) The
government agencies also turn to consultants for help, and so on.

The value of going through such a ‘‘procedural pathway'' should
now be clear: Only by explicit recognition of the various interests
and mandates involved in each of the steps can we discover the major
constraints and time delays that must be overcome. These often influence
the course of action more than the most rational arguments could. Therefore
a careful analysis of the "procedural pathway' is indispensable for any
plammer. To complete the example: (20) TFinally a decision is made in
Parliament to accept an energy policy which meets certain environmental
standards. (21) Green light is given for the building of a power plant.
(22) The power plant is built. (23, 24) The ministries and ETA-experts
monitor the operation of the plant. (25) The press gets new information.
(26) The public gets informed about the energy situation development, and
the "cycle' is complete (26~+1).

The previous example was on a subnational level of detail. Of

course, the same principle holds on a global-regional level.
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To (ii): The systemic approach taken in the World Modeling Project
has been reported elsewhere [60] . Fig. 1.4c shows the structure
of the M-P World Model. Its modular character is ideal for analysing
complex multi-issue situations. Note also that the hierarchy of Fig. 1.1
is reflected here. We also want to point out that the '"dialog mode"
is very well adapted to the functional steps in comprehensive plamning,
as a comparison of Figs. 1.4a and 1.4d makes clear. Moreover, since
we apply the scenario approach to our dialog mode analysis, the erroneous
results of issue-by-issue analysis can be avoided. Finally, "mandatory
pathway" analysis can be performed by a "multi-group dialog mode" as
illustrated in Fig. l.4e. In [76] a description of the software developed
for flexible multi-issue, multi-group scenario analysis with the M-P
World Model is given.

To (iii) r Of course we ar2 nut limited in our analysis to the
methods of simulation modeling and scenario-writing, but rather can
make use of many different available methods in the various fiumctional

steps shown in Fig. 1.4a. In the following list some examples are given:

Step | Useful methods . -

Norms, Goals | polls, ex post case studies, simulation
of value control and value change

Policy, Strategy ! contingency analysis, scenario analysis,
policy Delphi

EIA simulation, cross-impact, cost-risk-benefit,

System Dynamics

Trade-off (between Delphi, brainstorming, multigroup dialog
issues, interests, mode, dynamic programming, Gaming

goals on different
levels
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Step Useful methods -
Decision participative democracy, PPB
Implementation acquisition, recruitment, and contract
strategies
Post monitoring statistical documentation and evaluation,
cost-risk-benefit, gap analysis, contingency
analysis

Here we owe an explanation to those readers who might feel that

we have unduly digressed from the issue of environmental impact. We had
several reasons for this:

(i) EIA is too difficult a problem for us to tackle alone. There-
fore, we must acquaint ourselves with the ways of thinking and
the interests of those whose cooperation we seek, We want to reach
the decision makers, work with people from other disciplines,
and invite public participation.

(ii) If our work is not to remain an academic exercise, we must
come up with policy recommendations which find the support of
many very different people, groups, and nations. The psychological
barriers, though, will be unsurmountable if we do not learn to
see others' interests and needs, to appreciate their approaches
to the problems, and to recognize the specific roles they want

to hold.

1.2 A Specific Scenario for Environmental Tmpact from Energy Use

The problems addressed in the energy policy scenarios described
in the Energy Report [8] are on a regional level. It was therefore
reasonable for us to start by asking on a regional scale what emissions

would be produced as a result of these policies, what could be done to
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reduce the emission levels, and how high the abatement costs would be.
Fig. 1.5a shows the basic set-up for a dynamic energy emissions
register (EER): The economic levels of activity determine the energy
production needed for upholding this activity. The total energy production
then is covered by a split of i primary energy sources which are used
in j technologies. Each of these produce different amoumts of k types of
emissions (yielding an emissions matrix eijk] which can be summed, thus
giving an emissions spectrum E that goes into the environment. Fig. 1.5b
shows this in more detail. E.g., oil is used to produce electric power,

the power plants emit CO o NO SOX, aerosols, waste heat etc., and these

?
emissions contribute to the total emissions spectrum.

Obviously this is a completely "‘passive'' scenario from the en-
vironmentalist's point of view, because energy policy or economic policy
is of prime concern. The EER is attached open-endedly to the emergy model
as a linear input-throughput-output module, without any feedback to
technology, energy,or economics. Also, the question of environmental
impact is addressed only implicitly, since there is no accounting of

what the emissions do to the enviromment. With this very simple set-up,

however, we can already compute and compare the loading of environment

caused by different energy policies.

The next task we set ourselves was to improve the model so that it
could be used for trade-off analysis between issues of environment
and economy, thus allowing also for "active" scenarios starting from
environmental goals and then asking for the economic conditions to meet
such goals. For this purpose we have begin with the development of

ecological models. The set-up in Fig. 1.5b has now been enlarged by
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the scheme shown in Fig. 1.6, which we have already described in 1.1.
While much of the knowledge needed to rum such "active' scenarios is
not yet available, the approach taken here is idea] for ''closing in"
on the EIA problem. This has a most valuable effect for ecological
research: urgently needed investigations are identified, giving clues
for Re D policy. Also, new findings in special areas of ecology can
be used quickly and meaningfully in a broader context.
Our eventual scenario for environmental impact through human
energy use will have the following format:
A.  Description of the past and present for
a) energy and environment policy,
b) energy and environment standards,
c) availability of primary energy sources,
d) emissions from fuel production and consumption,
e) emissions distribution,
f) immissions and effects on biosphere,
g) environmental impact in terms of
- specific emission volumes and distributions,
- specific immission concentrations,
- affectability of eco-subsystems (and individual species)
by specific immissions,
- stability (viability) of eco-subsystems w.r.t. specific
immissions,
- sensitivity of eco-subsystems w.r.t. temporary/persistent
immission loading,
- loadability and regenerability of ecosystems,
h) trade-off constraints from other issues.

This part of the scenario serves as a basis for part

B. Future alternatives
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Again a) through h) are at the focus of concern, but here
the weight is less on description and more on exploration,
goals,and evaluation. A "river bed" analysis leads to the
more likely paths of development, while an appraisal of the
costs, benefits, and risks of alternative policies points
to the more desirable options. These are then summarized in

part

First concrete policy recommendations

For the more promising policies data are gathered;then they
must be translated into computer programs and dialog modes,

so that they can be tested in simulation runs. Here the verbal
"input scenario", which is based mainly on the qualitative
understanding of the scenario-writer, is used to prepare a
scenaric-oriented simulation model, which in turn produces

a mainly quantitative "output scenario" of future alternative

developments.

It is not entirely obvious why we started with an energy emissions

register or an industrial production pollution register. Our choice can

be justified by the following points:

€9

(ii)

(iii)

(iv)

economic-industrial aétivity correlates with and is limited
by energy use {see Fig. 1.7)

total industrial impact on environment correlates with impact
of energy use on enviromment

energy impact constitutes a large share of total impact
energy impact will rapidly become dangerous as energy use

increases {e.g. through the cumulative effects of cox),
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New forms of energy will be necessary for upholding and
expanding economy. In choosing among the available options
society might dangerously follow a path of least economic
resistance, but the less costly energy forms might turn out

to be more hazardous. The choices made will have far-reaching
consequences.

Energy has been and will continue to be a critical issue in
world relationships, e.g. because. suppliers and consumers

are far apart (Fig. 1.8). Also, energy policy decisively
influences longterm national and bloc policy, e.g. independence
vs cooperation. Environmental considerations will increasingly
affect such policies.

Example: Japan is beginning to realize that its export-oriented
economy also meant import of pollution. It is now transferring
production to South East Asian countries.

The investments for future energy are so tremendous that the
choice for one energy form vs. the other (e.g., nuclear vs.
solar) constitutes a binding long-term committment. Such
committments, however, must be made now and will foreclose
other options for generations to come. Neglect of environmental
factors in making a choice may well lead to disaster.

The emissions caused by energy use have ecological limits

that will be approached rapidly if drastic pollution abatement
is not introduced soon. One has to keep in mind, though, that
some emission types such as waste heat cannot be reduced to
arbitrary levels, and the reduction of most others is costly

and energy-consuming (Fig. 1.9).
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Even with a more efficient use of energy and a reduced
demand per capita in today's industrialized countries, the
increasing population will multiply world energy demand.
(Thus one arrives at a factor of 30, assuming that world
population stabilizes at 10 billion, that average per capita
consumption climbs by a factor of 3 - to one half of todays'
U.S. average -, and that more energy-consuming resource
extraction contributes a factor of 4. Pure extrapolation of
past trend yields a factor of 100 in slightly more than 50
years.). Thus even a moderate material standard of living
will require vast amounts of energy, and this again raises
the question of ecological carrying capacity and its effects

on future ways of life.

1.3 Underlying Assumptions

(i)

{i1)

The scenarios of the Energy Supply Planning Report adequately
describe some of the developments in the energy sector intended
by today's decision makers of Regions 1, 2, and 7. The quality
of these scenarios will improve after these regions have been
coupled on-line, but off-line trade-off analysis is already
possible. Therefore, the attachment of the energy emission
register to the energy model is meaningful.

Most of the scenarios are conservative in the sense that only
present-day energy production types are considered. Where other
types have been included, no infrastructural change as required
e.g. by a solar-energy-based hydrogen economy has been accounted
for. Present research done in the Project deals with this issue

and will prepare for more realistic scenarios.



(iii)

{(iv)

(V)
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Tmmission intensities and their effects correlate with the
corresponding emission levels. Therefore, we must first
calculate the emission spectrum. Work is under way to develop
emission distribution models for critical emission types. Only
after completion of this work will we be able to use present
knowledge of immission processes and of toxicology to obtain
more concrete results about effects in human-ecological sub-
systems, e.g., in urban and in industrial areas.

A calculation of the emissions caused by energy use alone is
already an important input for pollution control policy,

even if no comparison with the total pollution spectrum is
made. It may be argued that pollution through toxic chemical
wastes from industry, organic materials from agriculture etc.
only increases with a corresponding increase of energy con-
sumption in industry, agriculture etc., provided no techno-
logical changes take place in these fields.

All emissions are treated separately. Chemical combination
between them, synergistic and antagonistic effects are not
taken into account (-e.g., antagonism of CO2 and HZO in global
heat balance). It is assumed that such effects can be ad-
equately represented on the state and effect levels (see

Fig. 1.6).
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Model Structure of the Energy Emission Register

2.1 The Planned Energy Emission Model

The emission model can only be viewed in context with
the economic, the energy supply, -demand, -use, and
-resources models. Also, the ecological level of the
total model will eventually have to be included in the
considerations of coupling between submodels. Within
the hierarchy of the world model the emission model
lies between the technological and the ecological
levels. In the following we describe the various
functions of the submodels involved and their inter-

relationships.

Total energy demand is given by economic-technological
activity and by energy policy goals. Vice versa, bottle-
necks in the availability of energy resources affect the
activity and structure of economy and the technologies

in different sectors of economy. Energy demand depends
very much on population development and on the people's
expectations concerning quality of life, material standard
of 1iving, and on their behaviour patterns of energy
consumptions. At present, no explicit sociopolitical
control processes are included in the simulation model;
this will be possible after the scenario technique has
been improved to allow for a multi-group dialog mode

(see F. Rechenmann's Dialog Mode Analysis [70] .

Fig. 2.1 shows where the emission register will be

"inserted" for future sophisticated energy scenarios.
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All the factors listed yield a total energy demand

which must be covered by the various types of energy.

These energy types have their own, somewhat independent

dynamics, which are governed by the following factors:

- Development of demand for a specific energy type and
its competitors,

- Supply of energy resources.

The supply dynamics in turn are affected by the inertia

of the economic system, by the decision maker's readiness

to decide for change, and by the availability of energy

resources.

The investigation of energy resources availability in

turn has an effect on technological development. The
latter is initiated at some point in time and then
develops rather autonomously until perturbed (accelerated)
by resources scarcity, competing technology, legislation
or the like. This innovation process will not be represented
in the model, but any particular technology must be in-
cluded in the simulation if it is expected to mature
within the time horizon addressed by the scenario. Both
processes, the development of new technology as well as
its large-scale introduction into economy, have their own
reaction lags and reaction dynamics. These two determine

the rate of change in energy technology.

Except for the dynamics described above, the fields of

energy technology, technology-specific emissions, and
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total emissions by type constitute a linear input-output
transfer system. Thus the emission register is a
(physically) linear model with no dynamics of its own,

but it reflects the dynamics described above in its time
series output. (Since the costs for emission reduction are
computed from nonlinear functions, the model is of course

not linear from an economic point of view.)

These emissions go into the environment, where they

either decay or are stored in some form or other. Because
of the 1imits of decay rate and of storage capacity first
the environment®s system state and later perhaps its
structure (c.g., extinction of species) changes.

Man, as a part of the natural environment, observes this
state, is affected by it, and evaluates it. Sometimes the
result of this is a changed attitude in environmental
issues. This change in behaviour feeds back into the
higher system strata (norms, goals, and decision-making).
In this way energy use, eConomic &evelopment, the spectrum
of primary energy, the development and introduction of
technology etc. are influenced. Through this feedback the
long-term dynamics of the system are determined., At
present the scenario technique only allows for an off-line
feedback. While much of this will remain off-line, the
Dialog Mode Analysis (P. Gille, F. Rechenmann [70] ) and
the Simulation of Value-Controlled Decision-Making

(H. Bossel, B. Hughes [uﬂ') will give the decision-maker

the option to include some of his assumptions on-line.
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2.2 Status Quo of the Emission Register

2.2.1 General features

Two main problems of the energy issue are:
- the supply of primary energy sources
- the emissions resulting from energy transformation

and use.
The supply of sufficient energy could be achieved by
the development of new technologies: 'production" of
0il from tar sands and shale, liquification and gasifi-
cation of coal, solar power generation, fast breeders,
fusion reactors etc. Even though most of these energy
sources are not yet available on large scale, in principle
they could be after intensive R and D. All too often,
though, the quest for alternative types of primary energy
technology and the investigation of their respective
technological and economical spin-offs has not been
balanced by an equally intensive analysis of the emission
problem. Once it is realized that man's total energy demand
must be limited by environmental considerations, one does
not only ask by what means energy production is technolo-
gically feasible but also how much energy may be produced
in total without dangerously loading the environment. Here
we describe a program which computes the emissions caused
by the dynamics of energy use;it is intended as a decision-
aiding instrument which allows the decision-maker to

compute emissions as they result from a set of conceived
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alternative energy policies. This dynamic emission
register can also compute the costs for specific emission
abatements as a function of required or desired emission

abatement standards.
2.2.2 Types of emissions

Emissions may be classified into 2 categories:

such with mainly local (regional) and others with also
global impact. The following is an overview over those
emissions which perhaps rank highest in their global
danger potential and therefore must be included in the
spectrum of the EEP:

(ij Waste Heat

Practically = 21l energy transformed by man finally becomes
waste heat. Between the time of energy use and its trans-
formation into waste heat there can be a long time delay:
e.g., the energy potential in synthetics is transformed
into waste heat only after it has been burnt. In this
sense every energy problem is also a waste heat problem.
By example, in addition to the local problem of heating of
rivers through power plants the possibility of global
anthropogenic climate modification must be observed. In
order to be able to compare the amount of energy set free
by man with that of the natural energy cycle, the EEP com-
pares these numbers with the corresponding solar irradiation
in the respective region. Note that the simulation model

does not yet attempt to address the question of the effects
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of anthropogenic energy production per se, but rather

only quantitively compares man-made energy with solar
energy.

(ii) Carbon Dioxyde

All fossile fuels consist mainly of carbon and carbon
compoundé. One combustion product of these always is

carbon dioxyde. The combustion of fossile fuels has al-
ready led to a noticeable increase of CO2 concentration

in. the atmosphere (at present 0.7 ppm/a).

If only 50 % of the CO2 produced by combustion of fossile
fuels remain in the atmosphere, then the CO2 concentration
will climb from 320 ppm to about 1500 ppm should all our
estimated reserves be burnt [63] -

This increase in concentration by itself is likely to have
signigicant effects on climate. It tends to increase the
temperature of fﬁe troposphere (green-house effect).

Various model computations indica;e that a doubling of CO2
concentration will lead to an increase in average temperature
of about 2% [6] . Although in the last years a decline

in temperature has been observed ( Perhaps = due to aerosols),
the green-house effect may not be neglected in the long
term.

An increase in CO2 concentration, however, also positively
effects the amount of biomass flow. This might be a positive
aspect from the point of food production.

(iii) Aerosols

6 2

The emitted aerosols! diameters range from 10 ° to 10 ° cm.

0f importance for the global energy balancé is the range
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from 0.5 ym to 10 um [28) . The aerosols around 0.5 um
have a cooling effect. The global albedo is estimated to
have increased through these aerosols by about 1.5 % [28]
This could explain the global cooling observed in the past
years, since particle emission has increaéed up to 50 % in
the Northern Hemisphere. Another main cause for this,besideS
the burning of fossile fuels are the huge savannah fires

laid by man which extend over several million km2 [28]

(iv) Radio-Active Waste

Contrary to the effects of fossile fuel emissions, nuclear

energy waste is mnot so much a global geophysical problem

but more a safety problem. Only if this waste is not stored

safely there definitely will be great danger for the bio-

sphere., Therefore here the central question is: Can one

safely allow the accumulation of vast amounts of radio-

active waste, which are generated during the operation of

reactors, can it be guaranted that this waste will be safely

stored over a time span of severalzgenerations, and can

misuse be excluded?

In the EEP we should distinguish between three waste cate-

gories:

- radio-active waste and emissions during reactor operation,

- waste and emissions through preparation and recycling of
fission fuel,

- contamination of the reactor site and of the fuel pro-

duction site after shut-down.
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At present we only have data for the first two types,

while the third will become acute when the first generation
of nuclear power plants has to be shut down.

The EEP will eventually contribute to the clarification

of the problems of radio-active waste and its storage.
Hopefully our first computations will help a little to

lead the discussion of nuclear energy back to a balanced
investigation of environmental impact including the
external nuclear fuel cycles, which contribute much more
seriously to total impact than irradiation and emission

during reactor operation.

2.2.3 Description of EEP

Four steps are involved in the computations of the emission
register. First all emissions are computed individually,
with energy as input data and emissions as output. Using
the abbreviations of the program (viz. Section 2.3), the
equations for the fossile fuels are

ZYX = EXEY *FZYX

H

and for nuclear energy

RADU = ENUC * FRADLU,

RADP ENUC * FRADP,

ENUC * FRADFEF.

RADF
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These individual emissions are then added according to

different schemes:

(i) Emissions by energy type

An important aspect of the emissions problem is to know
the total emission load coming from an individual primary
energy type. Comparison between the different types will
then give us an indication of their relative contributions
to the total load on environment. For the six emission
types accounted for the separate emissions are summed

over the five sectors:

|
=<
Loy
]

I e~
e
<
|

j
By comparing these magnitudes for different simulation
runs with different demand/supply scenarios we get a
basis for discussion of the relative hazard of these

primary energy types.

(ii) Emissions by technology

The EEP simulation program also allows the computation

of emissions specific to various technologies (sectors).

In addition to knowing how much each primary energy type
contributes it is extremely important to know how much is
emitted from each of the five user sectors. For this we

’

have to sum over the primary energy types:

|
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The feasibility of emission reduction, its cost, and its
success vary considerably from one technology to another.
Thus the summation of emissions by technology (sector)
is necessary for a trade-off cost-benefit analysis of

alternative emission reduction policies.

(iii) Total emissions

The sum of all emissions is given by

™ |
;_]
—3
1

Il t~3en
™
~<

0

Here it makes no difference from which energy source or

from which sector the emissions come.

(iv) Accumulated total emissions

In the scenarios played through for this report the
emissions are accumulated over time. This is done
separately for the different energy types, technologies,

and for total emissions:

_— t — —
SZY = YyzIY,
1
__ t - —
SzX = }ZX,
1
- t
Sz = YZTOT,
1
_ 5 - _
TRZ = J (1-RIY.) * z Y
'I=1 J
— 5 . o
TGZI = § FGIY. * 7 Y
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t
SRAU = JRAOU
I
t
SRAP = JRAOP
1
t
SRAF = JRAOF
I
— t —
SRZ = JTRIZ
I
_ t _
S6zZ = JTGI
I

2.2.4 Description of the input variables

The input into the EEP consists of two parts:

- energy data from the ESP program,

- specific emission data.

By directly coupling the EEP to the ESP program the
emissions corresponding to any energy scenario run in

the ESP program can be computed. Conversely, however,
several emission scenarios can be run for a single energy
scenario.

The following data are inputed from ESP into EEP:

- energy amounts of the three fossile primary energy types:
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solid
|

liquid fuels in the following user sectors:
|

gaseous |

electrical power generation,
heat plants,

transportation,

industry,

residential/commcrcial ;)

- nuclear cnergy;
- total usecful energy;
- waste heat;

- total energy.

For the computation of the emissions we need the following

additional data:
- specific emissions for the different primary energy

types and sectors,

- degree of specific emission reduction and the corres-

ponding cost.

2.3 Variables and Definitions

The variables used in the EEP program are listed here

as vectors:

fossile primary energy sources ( i types);

el IRl
]

( s; L"’ G).:
S = solid fuels,

L liquid fuels,

‘G

"

gaseous fuels.
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=
it

user sectors (j sectors);
; = ( E, H, T, I, R ),
E = electrical power generatiom,
H = central heat plants,
T = transportation,
I = industry,
R = residential, commercial.
E = emissions (k types);
Z = ( coM, €02, SO2, CHX, XNO, AEO ),
COM = carbon monoxide,
€02 = carbon dioxide,
s02 = sulphur dioxide,
CHX = hydrocarbons,
XNO = mnitrogen oxides,
AEQ = aerosols.

With these vector abbreviations the variables for fossile

primary energy are

FZYX = specific emission coefficients

(by type of energy, sector, and emission),

EXFY = energy source

(by type of energy and sector),

(o]
=~
e

I

emissions
(by type of energy, sector, and emission),
Z ; F = emissions, summed over energy types,
E ; e emissions, summed over sectors,
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total emissions, by energy type,
accumulated total emissions, by sector,
accumulated total emissions,

relative emission reduction cost,
emission reduction cost,

reduction cost, by emission type,

total reduction cost,

accumulated reduction cost, by energy type,

degree of reduction,

remaining emissions after reduction,

accumulated emissions after reduction.

For nuclear energy we have

ENUC

FRADU

FRADP

FRADF

RADU

RADTP

RADF

i

nuclear energy,

relative radioactive emissions during
reactor operation,

relative radiocactive emissions and waste
from fuel production and recycling,
relative radioactive emissions and waste
from shut-down reactors and fuel plants:
radioactive emissions during reactor
operation,

radioactive emissions and waste from
fuel production and recycling,
radicactive emissions and waste from

shut-down reactors and fuel plants.
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For fossile and nuclear energy we have

EUSE
EWAST

ETOT

total useful energy,
waste heat,

total energy.
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2.4 Block Diagrams and Equations of ER

Fig. 2.4.1 Emissions of solid fuel

Fig. 2.4.2 Emissions of liquid fuel

Fig. 2.4.3 Emissions of gaseous fuel

Fig. 2.4.4 Emissions of electric power generation
Fig. 2.4.5 Emissions of central heat plants

Fig. 2.4.6 Emissions of transportation

Fig. 2.4.7 Emissions of industry

Fig. 2.4.8 Emissions of residential/commercial

Fig. 2.4.9 Total emissions of CO and CO2
Fig. 2.4.10 Total emissions of SO2 and CHX
Fig. 2.4.11 Total emissions of NOX and AEO
Fig. 2.4.12 Accumulation of emissions

Fig. 2.4.13 Reduction of SO2 emission

Fig. 2.4.14 Reduction of AEQO emission

Fig. 2.4.15 Radiocactiyp emissions
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2.5 Listing

Main Program ESP
Subroutine READF
Subroutine CALEMI
Subroutine SUMMAT
Subroutine BILD

Subroutine ZERO
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Program ESP

Main

2.5.1
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Subroutine BILD
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Subroutine ZERO
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3.  SCENARIO SPECIFICATION

3.1 Classification of Scenarios
Roughly one can define two broader classes of scenarios for EIA:
(i) those concerned with the computation of emissions, required
emission abatement levels, and the corresponding abatement costs.
Such scenarios can be run with the emission register in its

present state.

(ii) those concerned with feedbacks into higher levels, e.g. the
effects of abatement measures on the productivity of capital,
or the effects of pollution on energy consumption behaviour etc.
Such scenarios cannot yet be analysed online with our present
energy emission register. For these we will have to link the
energy emission register with the submodels for energy demand,
energy supply, resources, economy, and population. Work is
under way to achieve this integration of submodels, so that

in the near future more realistic scemarios can be analysed.

Back to class (i): The scenarios of this class can be subdivided
according to the decision tree in Fig. 3.1. Two decision levels can be
recognized. In the upper level three basic decisions are possible:

a. No investments for abatement. All emissions go into the

enviromment.

b. A given degree of emission abatement is decided for. The

necessary abatement costs can then be computed.

c. An investment of given magnitude for emission abatement

is decided upon. The degree of emission reduction is then

a secondary quantity which can be computed.
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On the second decision level further decisions based on the

decision made on the first level can follow:

b 1. The degree of emission reduction is fixed, but the costs
are variable, depending on the levels of activity in the

different sectors of energy consumption.

b 2. Environmental protection laws set a threshold of emissions
that may not be exceeded. Again, the reduction costs are

a function of the levels of energy consumption.

¢ 1. The investments for abatement are fixed in advance. Now
the emission levels vary with the levels of energy
consumption.

c 2. Abatement costs are fixed in advance to be some function
of Gross Regional Product. The emission levels can then

be computed as a secondary quantity.

Fig. 3.1 shows how one can generate sub-scenarios within a frame scenario
systematically with a decision tree. Each path in such a tree then corresponds

to one specific scenario.

3.2 Selection and Specification of Inputs

The energy data are taken from the ESP program as external time

series. These data were described in detail in ch. 2.2.4.
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For the computation of sectoral emissions we needed emission

coefficients for each primary energy source (see table below):
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Computer Runs

Description of the Underlying Energy Scenarios

(i) Western Europe

This scenario assumes gradual conversion of the Western
European economy to synthetic liquid and gaseous fuels from
coal. Full imports are discontinued by 2000. No new nuclear
facilities are put into operation, existing ones produce until
1985. Rejected heat from power stations is partially used. The
liquid fuel produced supplies mainly the transportation sector
after 2000.

(i1) Western Europe

In this scenario the primary energy input is held at the 5 kw/cap
jevel. Service equivalent to the present 10 kw/cap level would
result if 50% overall savings in user efficiency could be
introduced.

(iii) United States

This is a standard energy scenario JCAE 7 of the Joint Committee
on Atomic Energy. The JCAE scenario is specified to the year 2000,
taking into account the depletion of oil and gas reserves. The
scenario assumes a substantial role of nuclear energy and an in-
creasing role of coal.

(iv) United States

This is a non-nuclear energy alternative scenario, supplying
approximately the same amount of secondary energies to users as
the JCAE scenario, and making extensive use of advanced energy

technologies.
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4,2 Comments

According to the classification in chapter 3, all of the
following computer simulation runs result from '"passive' EIA scenarios,
because they are based on energy policies from the ESP program. The ER
only computes the environmental load of these policies. Even though
our model does not yet allow for online feedback of emissions to the
energy policies of the ESP program, it is already useful for comparing
given energy policies w.r.t. the environmental loads they generate.
The resulting emissions can be compared quantitatively. In this way it
is possible to base energy policy on envirormental considerations in

addition- to those of resources availability and economic feasibility.
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Runs

Western Europe
Gradual Conversion to Synthetic Fuels,

No Nuclear Energy

Western Europe
Consumption corr. to 5 kw/Cap or 10 kw/Cap

at 40 % Savings in Use

United States

Advanced Technology Mix Without Nuclear Power

United States

JCAE Scenario Extended to 2025
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Europe
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WESTERN SUROEF

CRALUAL CONVEPSTON TO SYNTUPTIC PUELS, ¥O BUCLEAR ENIRGY (VEU4)
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WESTERN ZUROPE

GRADUAL CONVERSION TO SYNTHETIC FUELS, NO NUCLEAR ENSRGY (WEUH)
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WESTERN EBUROPE

GRADUAL CONVERSION TO SYNTHETIC
GASITOUS FUEL TNPUT
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WESTERN EUROPE
GRADUAL CONVERSICK TO SYNTHETIC FIELS, ¥O NUCLEAR ENLRGY (WZUL)
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VESTERIN EURCPE
GRADUAL CONVERSION TO SYNTHCTIC FUELS, NO NUCLEAR PNERGY (WEUH)
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WESTERY ZUROPE
GRADUAL COYVEFSTION T0 SYNTHITIC FUILS, KA NUCLEAR E%SRGY (WEUM)
EMISSICKS WNITS %73 10%#%6 mCHS, CNLY €02 10¥%3 TONS
1=C02 2=502 3=CiX 8=NQX S5=A%0
ZBTSCIONS OF G*STCUS PUTL
6,623 1.66237 Cl-—m=mmmmmmmmm = mmmmm e mem oo oo me—es oo seoo oo L
0.65137 01] 1
0.64C2E 01§ 1
0.6292F C1] 1
0.6182EF 01} 1
0.6071F 01] |
|
1
1
|

1

|

1

1

I

0.5961T 01§ |

£.5850% 01] |

0.5740% 01| |

0.5630T 01) 1
0.E5197 0lommmmmrocmmmemme—————————— e S

1

l

|

1

1

1

|

i

l

0.54097 D1} 1
€.529€0 01) 1
0.5188F 01] |
0,5078% 01§ 1
0.69670 01) |
0.48573 01) i
0.4787F 01 1
0.8636F 01] 1
G.45267 01] i
L U815T Olememermrr e e e e es s m s crmmm— e oo frm—ecm e ———
0.43052 01} 1
0.41957 01 |
0.40347 01 }
0.3974% 01] 1
0.3863% 01] 1
¢.2753E 01} I
0.3643E 01) |
0.35327 01| |
6.34227 01] |
0,3312F 0fm=-ommmmemmmm e oo PR fommmmmmamm——mee e ————
3.312 G.3201F 01) ]
0.3091E 01| |
0.2980% 91| 1
€.28708 01] i
£.27602 01} |
0,26497 01] 1
0.25297 01) i
0.2U28% 01} 1
0.2318% 01§ 1 )
0.22718F Ql==m=emeemee== fmmm—————— P N g kP —

0,20972 07} ] i i [ | [ i 1 | 1 33 ] 1
r,1987" 01} 1 I ] 11 4 I 1 1 121 1 I 1
0.1877= 01} | 1 i [l ! gt ] i i 33 | I I
N,176€2 01 § ] 1 11 ! o t 1 i g 1} 1 H
¢.16563 1] 1 i 1 1t | s i | 135 | { i |
0.15457% 01] 1 ! 11 1t 1 P33 I i I |
G.18357 01] ] i 11 ] by 1 ] 1 331 1 ] H 1
0.13257 U1y | | i 1o [ | 23 | | ! i
C.12147 01 1 1 H | 1 1 233 | i 1 ] |
0.1104F 2 1mmmmmmmemeeee Tommmm e e mmmme e T
0,9935% 20} 1 1t o1 ueg 1 1 3331 i ] I 1 | 1
0.£8313 00 111111 e g 1333 g | | { | ) 1
0.77277 ¢co| 1) I 4 i 1 33 1 1 1 i 1 | 1
6.,66237 0CF 1 | Y §oa3 g t ) 1 1 | 1 1
©.55197 €0y 1 | saresy 1323 | 1 1 1 1 | | 1
C,u4158 €np1 o Ben | ] 3333 | i | 1 | j 55555 | 1
0.33127 (D] 84| |33 g ] | ) 155556555555 1 |
0.22087% G048 333333321 | | ) 55555555555555 i ] 1 ] 1
0.1100% €£0]3233555RCRR355555655555535% | | \ ] ) | 1 |
0 c.o -35552 20222022222222202222222222222252222220 22222222555555555
1970 7% 8¢ 85 oc 25 2040 05 10 15 27 25 30 35
time

Emissions of Gaseous Fuecl




B 1232

WESTERR EUROPE

GRADUAL CONVERSION TO SYNTHRTIC FUELS, KO NUCLEAR ENERGY (WSUH4)
EMISSIONS UNITS AFF 10%**6 TONS,ONLY CO2 10%*9 TONS
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WESTERN ENROEE
GRADUAL CONVERSION TO SYNTHFTIC FURLS, NO NUCLZAE ENZRGY (W3U4)
EMISSICNS UNITS ARE 10%%6 TONS,ONLY €02 10%¢3 TONS
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WESTEIN SUROPE
GIAPULL CONVEESTON T9 SYNTRFTIC FHELS, X0 HUCLEPR ENIRGY (WEU4)
3MISSINNG UKITS ART Lx4E TONS, QLY 02 10*%*3 TCNS
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WESTFRN EUROEZ

GRADUAL CONVELRSION TO SYNTHETIC FUELS, NG NUCLEAR FHEPGY (WEUUY}
EMISSICNS UKITS 437 1N*+h TCNS,CHLY CO2 10*%9 TOKS
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GR2DUAL COXVERSION TO SYNTHE
SHISSINEE DNITS ADE 1C*x6 TCN
1=cp2 22802 3=CPY 4=NOX 5=AEC
ACCUMULATED FMISSINNS
T QU]
oay
04
[T
oul
[LES]
04

2002

04|
ou|
PR
03t
03(
031
03y

1001

[=R -]
W b
—-——
1
1
]
'

r 03
T 03}
031
2 03]
nC3]

4

221
uau
w4y 58
| 52 Leus5e5s 1
ar 02| 244U5585133333
0.%336% 02| 255555533331 4§
~. 817950 2=5533--=-—=o=====""
1970 75 80 RS

122

22

0

Accumulated Emissions

B 1238

TTC FUELS, %0 NUCLERR ENERGY (W2U4)
5,0NLY CO2 j0**3 TONS

1 I 1 1 | ' 1 1 | 1
| 1 1 1 1 1 | 2 1 1
1 1 | ' i 1 i t 1 ]
| | 1 1 1 1 P21 1 I
1 I i | { ] ] ] 1 1
1 | i | | § 1 21 | l
i 1 | | 1} 1 | | | |
1 i | | | 1 12 1 I [}
| | ! ! ) | 1 1 [ |
———————————————————————————————— 2———-————----—-
i 1 ! 1 1 1 i 1 t b
1 1 | | 1 | 2 [} ] |
1 1 i ! i 1 1 | 1 1
I 1 | | | 1 2] 1 | I
] 1 4 | | | [} 1 { |
1 1 1 1 t 1 21 i 1 1
| i I 1 1 1 { | i |
1 i i § | 12 | i | |
1 1 1 1 1 121 1 t 1
1 ! I i 1 2 i 1 1 |
i | 1 | 1 l 1 1 | 1
] 1 i i | 2 I | 1d | |
1 ! 1 1 121 1 4 | 1
| i 1 1 I i 1w 1 1
§ 1 I ! 12 4 1 1 i 1
1 1 1 1 121 1w | 1
1 1 1 1 2 1 14 1 1
' 1 1 } 1 1 14 1 { |
------------__----_-2-_----_---u-_-__....-------
1 i 1 12 ] 1 1 1
{ i 1 12 1 i 1 1 ]
| ! 1 | 1 || 1 1 -1
t 1 1 12 i 18 1 1 I ]
} | 1 2 { 14 | 1 t 1
1 i 1 1 1 4 1 1 1 ]
1 1 1 i 1 1 1 1 t 1
! | i | 1 | | 1 | 1

1 | { | 1 1 1

- 4 —

| 1 i ] 5 I {
| ] 2] \ ] i 1 i ] i
1 12 pu ol i 155 1 | i
1 12 1 ul 1 1 55 1M [ 1
I 22 | 49 1 v 5 1t 1 1
121 [BECH] | 155 111 1 1 1
T2 14 1 1 55 11 1 1 1
12 1\ 4y | §555 1 1 | | 1 i
121 % |55 1 131 !
23 o mm sl e mmmm =5 G mm ==Y} mm === =233 3mmm oY
T p o555 111 ] 333 | \ 1
T 1555 1 11711 133334 1 1 1
wu ses 111 | 333 1 i | I
4y 855 3111 | 33333 | i 1 i ]
1855°) 1111 3233 ) 1 1 1 1 i
55 1111 333323 | i 1 | 1 i 1
113333223 1 1 1 } 1 l 1
33 1 1 i i 1 ] 1 1 |
i 1 1 ! | { 1 | i
-----------—----—---—-----—----—---—-—555555555
90 95 2c00 05 0 15 20 25, 35

time



B 1239

2. Western Europe

Consumption corr. to 5 kw/Cap or 10 kw/Cap at 50 % Savings
in Use
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3, United States
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Advanced Technology Mix Without Nuclear Power
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UNITED STAIES
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UNITED STRTZS
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UNITED STATES
ADVANCED TFCHNOLOGY MIX WITHOUT NUCLZRR POKER (T3,C2)
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UNITED STATES
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4, United States

JCAE Scenario Extended to 2025
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5. DISCUSSION OF APPROACH: LIMITATIONS OF PRESENT ER AND
NEXT IMPROVEMENTS

This chapter summarizes the status of the energy emission register
IR and the second work phase of the ETA Group in three respects: (1)
model structure, (ii) scenarios, (iii) data. Also, some ideas on how we

expect to pursue the objectives of the EIA Working Group are presented.

(i) Model structure

The ER is an input-throughput-output model with the following
properties: It is attached to the energy supply program ESP. Its input,
therefore, is limited to time series of energy use as computed in the
ESP scenarios. The output is a set of time series of emissions by type
generated by the spectrum of primary energy sources used and by the
technologies (sectors) where they are consumed. Also, for some abatement
technologies the relationship between cost and abatement has been included
so that the cost of a given average reduction %-age is obtainable from
the output.

There is yet no online feedback to the ESP program or to other
submodels. Also, the ER cannot yet be run "in reverse', e.g., using
emission threshold time series as imputs and computing maximm energy
use in each sector as a function of abatement technology. However, the
software model-handling package being developed in Cleveland and in
Hannover [70, 76] will make these improvements possible in the second
work phase of the EIA Group. Also, the ergonomic improvements of the
dialog mode which are being made by the Nijmeegen Group will be

incorporated in the structure of our next ER program.
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There are two other tasks which we hope to complete before
mid-1975: the coupling of the emission register with macro-cycle models

and the development of crude emission distribution models.

(ii) Scenarios

Since the FR is only passively attached to the ESP program, we
have been limited to scenarios of the environment load generated by
different energy policies in 3 regions. Also, cost-benefit analysis
of different abatement policies has been done. More work will have
to follow though, before we can come out with recommendations for
abatement allocation, e.g., whether to invest more heavily into abatement
in power plants or into abatement at the various sites of final comsumption.
This last example also makes it clear that for the purpose of policy
recommendation it will not suffice to look at energy emissions alone.
Therefore, we will develop two more ER's in the next work phase: an
agriculture emission register and a transport system emission register.
These will have the same basic model structure as the energy emission
register.

Ultimately, the set of simple emission registers will be increased
until the total pollution created by Man can be computed. These emission
registers can then be used in combination to compute the environmental
load in areas of high industrial concentration or high population density.
With such models, policies for saner urban development and industrial
infrastructure can be tested, policies of intensive technology vs. extensive
technology can be compared, and so on.

Of course, the environment crisis is not just a result of a wrong

distribution of pollution. It is also a question of limits. Therefore,
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work is also being done by other groups in the World Model Project
to investigate on a larger scale the global-regional effects of Man's
energy consumption on climate. For this task, however, the regionalization
will have to be somewhat different from that for economic and political
analysis. Perhaps here the "mosaic'' approach will prove to be useful,
which looks at regions (e.g., the atmosphere, continents, oceans)
composed of subregions (e.g. water sheds), subregions composed of
landscapes etc. Climate models and macro-cycle models would then provide
the coupling between the regions. Work is being done in Hannover on a
regionalization routine starting from given regionalization criteria
(39} -

Another advantage of this approach is that it can be used for
"plug-in'' analysis, which focusses on e.g. natiohal problems while
retaining the regional and global perspective (o] -

The second work phase of the EIA Group will still be concentrated
on the analysis of pollution impact on the physical state of the
environment, but some work on the analysis of ecological impact will be
started in parallel. A World health model will be developed with which
the effects of pollution on health, on life expectancy, on labor etc.
can be analysed. Another study will compare different agricultural policies,
not only w.r.t. yield but also w.r.t. their ecological soundness.

Finally, we hope to involve more ecologists in our work for identifying
powerful indicators of environmental well-being and for developing the

necessary ecosystem models.
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(iii) Data

The data base for the energy emission register includes specific
emission coefficients for each primary energy source by technology and
the costs of abatement. The specific emission coefficients for fossile
fuels are well documented. For nuclear power our data base is still very
weak; only the emissions during operation have been made available to
us from the Kernforschungs-Anlage JUlich KFA. The much more critical
emissions, however, are generated in the external recycling processes
of radioactive and chemically poisonous material. For these we have only
a very small and insufficient data base. KFA will give us better data as
soon as they have them.

In some cases different fuel qualities are used on the average
in different regions; we have accounted for this with region-dependent
emission coefficients.

Because abatement technology is very variable and at present under
rapid development, the average cost-effectiveness of such technologies
cannot be determined very precisely. Therefore we have used the present
data bate for sensitivity analysis only. We are compiling a better data
base which we will use for the assessment of alternative abatement
technologies. The results will be an important input for the evaluation
of the energy policies.

Together with ecologists, toxicologists, and industrial engineers
our data base will be developed until it can serve as a quantitative

basis for the scenarios described in (ii).
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Objective of our efforts is to develop a global but regionalized
water cycle model which by proper linkages can bé used within the multilevel
model of the world system. Consistent with the objectives of the world
system model development our concern will be with the long and very long
range developments of say 50 or 75 years horizon. This is not so unusual
in the water resources area as possibly in some other domains, e.g.
economics as such, where the explicit concern traditionally was with much
shorter time horizons, After all, change in water resources system
requires major physical construction and corresponding substantial invest-
ment. It also takes years to build and if the structure is not to become
obsolete almost before it is completed and fully in use, a planning
horizon measured in decades must be taken.

In the present effort our concern is with the issues much proader
than the questions of water resources as such. We are interested in the
long range development of the g]obé] world system - the effect of growth -
population and economic - disparity between various parts of the system,
physical limits, their modification and extension, etc. Specifically, our
water cycle model should enable our examination of the importance and
role which the water cycle - natural and cultural - plays in such develop-
ment, Three issues, quite naturally, come to mind: Can the water
resources be developed - physically and economically - to support the
desired development - regional and global? Can these resources be
managed in such a manner that the obvious negative consequences of human
water use - such as pollution - can be kept under a tolerable Tevel?

What is the effect of man-induced changes on the natural cycle, i.e., how

the supporting eco-system is changed and is the Tong range effect of
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such interference with nature tolerable even if more apparent negative
effects, 1ike pollution have been eliminated.

The present report describes the progress made so far. The overall
model is based on the regiona]izatioé adopted for the total project.
The structure of the model and a specific set of equations have been
developed and programmed for the use in computer analysis. Parameters
are estimated for several regions and the usefulness of the model is
assessed by means of a preliminary analysis of alternative scenaria
regarding future developments. A pictorial representation of the

patural processes involved is shown in Fig. 1.
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2. Structure of the Model

Two basic assumptions underlie the construction of the water cycle
model.

(a) The variables are given'in'terms of average annual values.
Although, for certain other types of problems (f1ood control, etc. )

a seasonal, a monthly, or even daily variation is of interest. For the
objectives of our modeling efforts as described in Sec. 1 annual values
seem to be satisfactory.

(b) A1l the processes of the same type within a given region are
agaregated into a single process regardless of their actual geographic
representation. For example the evapotranspiration from a given region
is simply given in terms of total quantity of water; or, the leakage of
surface water to groundwater is given in terms of total amount regardless
where the ground water is actually located within the region. This is
somewhat more constraining assumption but quite a convenient one for
the initial effort. Actually the restrictions imposed by their assumption
will be relaxed further development of the model by representing some
regions in terms of subregions whenever that is required for a proper
analysis of the issue concerned.

The overall block diagram of the model is given in Fig. 2. It has
essentially demand and supply submodels. The demand part is determined by the
economic development, degree of industrialization, type and intensity of
agriculture, population and the prevailing customs in use of water etc.
The supply side is represented in terms of surface water THL, ocean and sea

water TWD, groundwater THG and thc water in atmosphere, TIA. The reiationship
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between key factors is specified by appropriate feedbacks (see Figs. 2a-2d).

A complete set of equations for the system is developed on the
basis of the assumptions (a) and (b). For the sake of an easy overview
the complete set of these equations is given in Table I with the variables
defined in Table II. Additional state equations for any other variables
of interest (e.g., surface water impounded, total snow on land, etc.)
can be included quite readily. The block diagram for the model using
standard notation is given in Fig. 2. The model is programmed for the
purpose of computer analysis and the listing of the progra}n is given in
App. I while the printout of the standard run is given in App. IL. A
simplified block diagram is given in Fig. 3.

The model of Figure 2 has general features which can make it useful
for analyzing a variety of problems. It is basically a water quantity
model (we need to balance the components of the hydrologic water quantity
cycle if a macroregional level of aggregation is to be used), although
water quality is taken into account implicitly. For example, the
coefficients WOIPK (on the supply side) indicates the amount of desalted
ocean water available to meet industrial demands and this depends on the
treatment infrastructure and water development of the region. If the
present model were more disaggregated (e.g., surface water divided into
river water and lakes, water deman into sectoral uses, etc.) particular
water quality policies would appear more explicit within the structure of
the model. The model in its present form provides a framework for the

analysis of various specific problems. Any number of modifications
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could be made easily to reflect specific analysis interests; for example,
to calculate evapotransp‘iration (WOA) we could explicitly add a cultural
parameter (similar to the rainfall augmgntation coefficient RLC) if we
were interested in seeing the possibl'e future effect of evaporated cool-
ing water on the overall hydrologic cycle. In reference to the great
importance of cooling water for thermoelectric power generation in the

present model structure the industrial water demand submodel has been

divided into WIC (cooling) and WI (normal process water) demands. Additional

indicators and auxiliary functions could be also added to the model, such
as deficits for industrial water coming from specific sources (surface,
ocean, ground) would also be reflected by the parameters WLIPK, WGIPK
and WOIPK which would vary with time. More will be said about the
advantages and disadvantages of the present model in the chapter on the
scenario analysis. The cost on economic component of future water
development is implicitly included by estimating the possible investments
needed to augment water supply or availability to various levels, i.e.,
desalination, watershed management, reuse, €tc. * As the present model is
not intended to be used as an optimization tool, at least initially

we will not be concerned with reconmending any particular water resources

policies (such as a minimum cost program for the next 30 years).



TABLE I
DEMAND

GRpt +1
WIC
WICW .
WICRC
WICR
WICRL
WICRO
WICRG
WICL
WICO
WICG
WI

WIL
WIO
WIG
WIW
WIRC
WIR
WIRL
WIRO
WIRG
pOPt
wpt + 1
WD
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GRPL( 1 + GRPR?)
WICK * GRP
WICWK * WIC
WICRCK * WICW
WICRK * WICW
WICRLK * WIC
WICRLO * WIC
WICRLG * WIC
WICLK * WIC
WICOK * WIC
WICGK * WIC
WIK * IPK * GRP
WILK * WI

WIOK * WI

WIGK * WI

WIWK * WI
WIRCK * WIW
WIRK * WIW
WIRLK * WIR
WIROK ? WIR
WIRGK * WIR
POP! ( 1 +POPR®)
WDt * (1 +POPR )

WDK * POP

WDGK * WD
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10
TABLE 1 (Continued)

WDL = WDLK * WD

WDO = WDOK * WD
WDW = WDWK * WD
WDRC = WDRCK * WDW
WDR - WDRK *WDW
WDRL - ‘'WDRLK * WDR
WDRO = WDROK * WDR
WDRG = WDR

OPTIONT

ALt+1 = ALt (1+ALDR)t
wat+1 = WAT(1+WARR
OPTION II

FL = FLPC * POP - FLM
FLPH = FL/ AL

YPH = YPHF ( FLPH )
WPH = WPHF ( YPH)
WA = WPH * AL

WAW = WAWK * WA
WAO = WAOK * WA
WAL = WALK * WA
WAG = WAGK * WA
WAR = WARK * WAW.
WARG = WARGK * WAR
WARL = WARLK * WAR

WARO = WAROK * WAR
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NATURAL RESOURCES

RL
RO
SL
S0
WSL
WAL
WOA
WSL

Twgt +1

WGL

TWLE +1

WLG
WLO
TWIM
SUPPLY
WGIP
WGDP
WGAP
WLDP
WLAP
‘WOIP

WOAP

(1+RLC) * RLN

(14+ROC) * RON

1}

(1+SLC) * SLN

(1 +SOC } * SON
=SL * SMK

= WALSK * L3

= WOASK * OS

= SMK * TSL

= TWGt + WLGt - WGLE + WIRG! - WDG! +WDRG!

- WAGY + WARG!
= WGLK + TWG
= TWL!+ WGL! - WLG! - WIL! + WIRL! - WDL!
+ WDRLE + RL + WSLE - WLO - WAL'+ WARL?
= WLCK * TWL
= WLOK * TWL

= TWIMK * TWL

= WGIPK * TWG
= WGDPK * TWG
= WGAPK * TWG
= WLDPK * TWL
= WLAPK * TWL
= WOIPK * TWO

= WOAPK * TWO
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TABLE I (Continued)

CRITERIA

SE = EC *POP - ENH - [EK * EH

SW1 = WLIP + WGIP + WOIP + WIRC - WI

SWIC = WLICP + WGICP + WDICP + WICRC - WIC
SWA = WLAP + WGAP + WOAP - WA

SWD = WLDP + WGDP + WODP + WDRC - WD
PIND 1 = (WI+WD+WA)/TWL

PIND 2 = (WI+WD+WA)TWGC



GRP
GRPR
WI
WIK
IPK
WIW
WINK
NIL
WILK
WIO
WIOK
WIG
WIGK
WIR
WIRK
WIRL
WIRLK
WIRO
WIROK
WIRG
WIRGK
POP
POPR
WD
WDK
WDG
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TABLE 11
Gross regional product
Gross regional product, rate
Water, industrial
Water, industrial, coefficient
Industrial production coefficient
Water, industrial, waste
Water industrial, waste, coefficient
Water industrial from land
Water industrial from land, coefficient
Water industrial from ocean
Water industrial from ocean, coefficient
Water industrial from ground
Water industrial from ground, coefficient
Water industrial, return
Water industrial, return, coefficient
Water industrial, return to land
Water industrial, return to land, coefficient
Water industrial, return to ocean
Water industrial, return to ocean, coefficient
Water industrial, return to ground
Water industrial, return to.ground, coefficient
Population
Population, rate
Water, domestic
Water, domestic, coefficient

Water, domestic, from ground



WDGK
WOL
WDLK
WDO
HDOK
WDW
WDKK
WDR
HDRK
HDRG
WDRGK
WDRL
WDRLK
WDRO
WDROK
WA
HARR
FL
FLPC
FLM
FLPH
AL
ALDR
YPH
YPHF

B 1296

Water, domestic, from ground, coefficient

Water, domestic, from land

Vater domestic, from Ianq, coefficient

Water, domestic, from ocean

Water, domestic from ocean, coefficient

Water, domestic, waste

Water, domestic, waste, coefficient

Water, domestic, return

Water, domestic, return, coefficient

Water domestic, return
Water domestic, return
Water domestic, return
Water domestic, return
Water domestic, return
Water domestic, return

Water, agriculture

to
to
to
to
to

to

Water, agriculture, rate

Food from land

Food from land per capita

Food from land imported

ground

ground, coefficient
Tand

land, coefficient
ocean

ocean, coefficient

Food from land, per hectare

Arable land

Arable land, development rate

Yield per hectare

Yield per hectare, function



WPH
WPHF
WAG
WAGK
WAL -
HALK
HAD
HAOK
WAN
WAHK
WAR
WARK
WARG
WARGK
WARL
WARLK
WARO
WAROK
RL
RLC
RLN
RO
ROC
RON
sL
sLe
SLN

B 1297

Water per hectare

Water per hectare, function

Water, agriculture, from ground

Water, agriculture, from ground, coefficient

Water, agriculture, from land

Water, agriculture, from land, coefficient

Water, agriculture, from ocean

Water, agriculture, from océan, coefficient

Water, agriculture, waste

Water, agricutture, waste, coefficient

Water ,agriculture, return

Water, agriculture, return, coefficient

Water, agriculture, return to ground

Water, agriculture, return to ground, coefficient

Water, agriculture, return to land

Water, agriculture, return to land, coefficient

Water, agriculture, return to ocean

Water, agriculture, return to ocean, coefficient

Rain on land

Rain
Rain
Rain
Rain
Rain
Snow
Snow

Snow

on

on

on

on

on

on

on

on

land, cultural
land, natural
oceéns

oceans, cultural
oceans, natural
land

Tand, cultural

land, natural



SO
socC
SON
TsL
SMK
WLA
LS
WLASK
WOA
0s
HOASK
WSL
TWG
HLG
WGL
HGLK
WRIP
HGIPK
WGDP
WGDPK
WAGP
WAGPK
THL
WLGK
HLO
HLOK
THIM

Snow on ocean
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Snow on ocean, cultural

Snow on ocean, natural

Total snow on land

Snow melting coefficient

Water from land to atmosphere

Land surface

Water from land to atmosphere per unit surface, coefficient

Water from ocean to atmosphere

Ocean
Water
Water
Total
Water
Water
Water
Water
Water
Water
Hater
Water
Water
Total
Water
Water

Water

surface

from ocean to atmosphere per unit surface, coefficient

from snow on land

water ground

from land to ground

from
from
from
from
from
from
from

from

ground
ground
ground
ground
ground
ground
ground

ground

water, land

to land

to land, coefficient

for industry, planned

for industry, planned, coefficient
for domestic, planned

for domestic, planned, coefficient
for agricultural, planned

for agricultural, planned, coefficient

from land to ground coefficient

from land to ocean

from land to ocean, coefficient

Water, impounded



TWIMK
WLIP
WLIPK
WLDP
WLDPK
WLAP
WLAPK
HOIP
WOIPK
WoDpP
WODPK
WOAP
WOAPK
DWI
DWA
DWD
EC
ENH
EH
IEK
WIRC
WIRCK
WDRC
WDRCK
WIC
WICK
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Water, impounded, coefficient
Water from land for industry, planned
Water from land for industry, planned, coefficient
Water from land for domeétic, planned
Water from land for domestic, planned, coefficient
Water from land for agriculture, planned
Water from land for agriculture, planned, coefficient
HWater from ocean for industry, planned
Water from ocean for industry, planned, coefficient
Water from ocean for domestic, planned
Water from ocean for domestic, planned, coefficient
Water from ocean for agriculture, planned
Water from ocean for agriculture, palnned, coefficient
Deficit, water for industry; or SWI (surplus)
Deficit, water for agriculture’ SWA (surplus)
Deficit, water for domestic; or SWD (surplus)
Energy per capita (MW)
Mon-hydro power capacity
Hydroelectric power capacity (installed)
Ratio of effective to installed hydro capacity
Water for industry, recycled

Water for industry, recycled, coefficient
Water for domestic, recycled
Water for domestic, recycled, coefficient
Cooling water demand

Cooling water demand, coefficient



WIRC
WIRCK
WIRCL
WIRCLK
WICL
WICLK
WICO
WICOK
WICG
WICGK
WICRC
WICRK
WICH
WICHK,
WIRCL
WIRCLK
WLICP
WDICPK
WeIcP
WGICP

Cooling
Cooling
Cooling
Cooling
Cooling
Cooling
Cooling
Cooling
Cooling
Cooling
Coaling
Cooling
Cooling
Cooling
Cooling
Cooling
Cooling
Cooling
Cooling

Cooling
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water returned

water returned, coefficient

water returned to land

water returned to iand, coefficient
water demand from land

water demand from land, coefficient
water demand from ocean

water demand from ocean, coefficient
water demand from ground

water demand from ground, coefficient
water recvcled

water recycled, coefficient

water waste

water waste, coefficient

water return to land

water return to iand, coefficient
water from land, planned

water from land planned, coefficient
water from ground, planned

water from ground, planned coefficient
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3. Data Considerations and Parameter Estimates

According to A. A. Sokolovf the development of hydrology had four
periods:

a) A first period characterized byvthe need to understand the
water stage fluctuations in rivers and lakes

b) A second period where the prime emphasis was in control of
runoff and the measurement of wa?gr transported by rivers

c) A third pericd characterized by the transition from the
study of streamflow requires to its study as an element of total
water balance, and

d) A recent modern period (which has begun only in a few countries)
where hydrologists are concerned with the study of the dynamics of the
water balance, with the hope of further understanding the phenomena
and processes involved without Tosing perspective of the entire system,
The work presented in this report could be categorized as an effort
resulting from the latter modern period. Yet, despite the hydrologist's
recognition of the need for this type of work, great difficulties are
encountered from the lack of appropriate data to identify parameters
and validate models on a global or regional sca1e:

An extensive review of literature has been made by the authors to

obtain as much insight as possible as to the relative magnitude of some

*"Principal Problems of Modern Hydrology," World Water Balance Symposium
Proceedings (July 1970), Vol. 1, page 10.
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of the processes and parameters included in the model of Figure 2ona
global as well as on a regional scale. Good reviews of the various
estimates made by different scientists for the major parameters of the
natural cycle have been presented by Hace (1970), Lvovitch (1970},
paumgartner and Reichel {1970), Budyko (1970) and other investicators
listed in the biblicgraphy. Table 111 synthesizes the results of these
and other efforts for the case of the United States, as part of Region I
in the Mesarovic-Pestel world model regionalization, and Latin America.
Some of the parameters have been calculated from estimates of related
variab]esIValues shown are for 19875)

Data for other regions is also being collected. The available
data base for the model varies; in other words, details reflected in
the structure of model are of such nature that all the parameters and
variables can be either found in the literature or at least estimated
from available approximations of related factors (as this is intended

to become eventually a decision-making tool, not an academic mathematical

exercise).
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4. Scenario Specification

4,1 The United States

The U. S. National Water Commission, in its report to the
President and to Congress, suggests that it is impractical (and in fact
undesirable) to attempt to forecast precise levels of future water
use and development on the basis of past trends. More realistically,
a range of "alternative futures' is possible, depending upon population
levels and distribution, per capita energy consumption, rate of national
income growth, technological development, consumer habits and styles,
governmental policies, and others. Some of these variables have been in-
cluded explicitly in the model presented in Section 2 so as to reflect
these interdependencies, while others have been taken into account im-
plicitly. The report of the Natural Water Commission provided the basic
motivation for some of the scenarios described below.

1) Water and the Energy Sector

It is expected that the population growth rate of 1.1 percent per
annum will assure that the total electrical energy demand keeps growing,
even if the per capita energy consumption remains at a constant 1.5 Kw/cap.

The projected forecast of future capacity installations in the U.S. is

assumed as follows:

(Nominal run) B B
(x1000) (x1000)
1970 55.2 MW 284.8 MW
1980 95,0 MW 570.0 MW

1990 152.0 MW 1108.0 MW
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There is much controversy with regard to the actual plant mix of future
electrical systems, especially in reference to whether nuclear or steam
plants will be the dominant sources of electricity -gene’ration. Whichever
is the case, it is agreed that many of 'fchese plants will exceed 1000
megawatts in size, which will greatly heighten the potential waste heat
‘problem. This raises the possibility of requiring auxiliary cooling
water ( or technologies) to support the increased consumptive losses Or
assimilate the heat. Any policy oriented towards decreasing the rate

of expansion in ele‘ctrical energy would tend to reduce this and other
problems (see National Water Cormission Report).

In general the installed capacity of hydreoelectric plants is different
from its usable or "effective" capacity, which depends (among other things)
on the availability of water, i.e., the hydrology of the region.. The
differences between these two ntypes" of capacities would become larger

in cases of drought or reduced flows.

Scenarios EK ‘(Drought in 2020)
a) b)

1975 .9 .9

2020 .9 .3

2025 .9 .9

2) Increasing the Present Water Supply

In many areas of the U.S., control of the existing supply has been
pushed near the physical limit, so that pressures have been developing
tp consider alternative ways of meeting future water requirements (other

than more dams and inter-basin transfers), including those which might
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come about through technical advances. Three specific strategies
(recommended by the National Water Commission) for which research and
development is fairly well advanced will be considered here to develop
various scenarios: desalting, precipitétion augmentation, and land

management.

Desalting
It is generally believed that desalination technology will have a

significant future role in the United States, especially in areas where
other supplies are costly, where existing supplies need to be upgraded

or where there are natural supplies of brackish water. The U.S. and its
territories had in 1971 a total of 321 plants, each having a capacity of
25,000 gpd, with a total capability of 54.8 m.g.d. The largest operation
anywhere in the world today is in Kuwait, with a capécity'of 30 m.g.d.,

and has been operating since 1972. The projected forecast of future
desalting activity presented in 1971 by the Office of Saline Water iRef. 1
will be considered in our model. That study showed a wide range in the

potential for desalting, depending upon the particular set of assumptions.

Scenario 1 (baseline or nominal)

A capacity of 7.7 bgd by the year 2020 if technology continues to
improve, costs continue to decline {_ 30 cents pe; 1,000 gal. in 2020),
and if future water demands are about equal to the projections of the
First National Assessment (which are based largely on extensions of past

trends) Ref.2 .
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TABLE 1V. - Projected water use, by purpose, United States'
(Billion gallons per day)

Projected Withdrawals

Type of Use
1980 2000 2020 )

Rural domestic 2.5 2.9 3.3
Municipal (public

supplied) 33.6 50.7 74.3
Industrial (self

supplied) 75 1?7.4 210.8
Steam-electric power

Fresh 134 259.2 410.6

Saline 59.3 211.2 503.5
Agriculture

Irrigation 135.9 149.8 161

Livestock 2.4 3.4 4.7
U.S. Total 442.6 804.6 1,368.1

U. S. WATER RESOURCES COUNCIL (1968). The Nation's Water Resources.

U.S. Government Printing Office, Washington, D.C. Part 1, p. 8.
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2) Other Scenarios

A capacity of 1.1 bgd by the year 2020 if costs of desalination
remain constant at present levels (approximately $1.00 per 1000 gallons
in-sea water conversion plants and 50 cents per 1000 gallons in brackish
water plants, without considering the additional costs of pumping to the
place of use); and alternative water sources (such as importation

projects) become available.

3) A capacity of 40 bgd by the year 2020 if no further importation

projects are permitted and if costs and technology keep imporving.

4) A number of other projections dependent on different possible factors

fall between these two extremes.

Assumed desalting costs Desalting éapac;ty justified

in 2020 in 2020
(cents per 1,000 gallons) (b.g.d.)
42 2.5
36 4.1
30 - 7.8
24 15.7

16.6 31.8
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It is believed that desalting in the futurc may serve not only as a
means of supplying water for municipal and i:...istrial uses. (mostly with
small and medium-sized plants, up to 10 'mgd, and with probable developments
of plants with up to 50 mgd), but also for improving the quality of
existing supplies. On the other hand, although forecasts of water costs
for plants in the large 50 to 260 mgd siZe range ($80 to $180 per acre
foot) would seem to Tule out jrrigation use of desalted water, the utility
of such desalted water (which is more or less pure) cannot be equated to
that of an acre-food of natural water (which usually contains sand and
salt). Nevertheless, there are many questions to be answered before
significant irrigation use is justified with present or foreseen technology

(except for specialized crops and situations).

Precipitation Augmentation

The most common strategy for artifical augmentation of precipiation
is through cloud seeding Ref. 3 . The processes and potentials, however,
are not totally understood today. Experiments Have yielded up to
precipitation increases of 200 percent for certain individual storms (mostly
from orographic 'cloud" systems), but the wide range of results seems
inexplicable. Furthermore, increases in average precipitatioh do not
necessarily produce proportional increases in usable water supply (due to
the nonlinear relationship between rainfall and runoff). Preseﬁt
estimated costs ranging from $1.00 to $2.30 per acre-food of additonal

runoff have been reported by the U.S. Bureau of Reclamation. Ref. 4



B 1319

Scenario RLC

1975 1) .01 2) .01
2005 .01 .10
2025 .01 .10

(little success) (success in technology)

Land Management

The National Water Commission suggests that four land management
techniques hold potential for increasing the useful supply of water:
1) vegetation management in forest and brush areas, 2) phreatophyte
control along river bends, 3) snowpack managemecnt in forest and alpine
areas, and 4) water harvesting by treatment of soil surface to increase
the collection of precipitation.

A recent estimate suggests a potential annual increase in water

supply form watershed management as follows: ( Ref. 5)
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TABLE V. - Potential anmual increase in water supply from watershed land
management .

Potential Annual In-

crease Under Present Direct Fin
Forest Conditions cial Cost
(1,000 acre-feet) Acre-Foot
Area and Source
Northeast
(New England, Middle Atlantic
Great Lakes, and Central States)
Commercial forests 2,350 $ 2.18
Southeast
(South Atlantic and Gulf States
Commercial forests 2,750 2.64
Eastern United States Total 5,100 $ 2.42
Pacific Northwest
(Eastern portions of Oregon
and Washington) .
Commercial Forests 160 3.17
California (excluding North Coast)
Commercial forests 130 2.13
Phreatophyte areas 10 10.50
Chaparral 410 20.45
Woodlands-grasses 370 45,00
Northern Rocky Mountains
(Idaho,Montana,W. South Dakota,
and Wyoming)
Commercial forests 1,000 8¢
QOther 40 90.0(
Southern Rocky Mountains
(Arizona,Colorado, Nevada,New
Mexico,and Utah)
Commercial forests 530 1.00
Phreatophyte areas 9500 14.01
Chaparral 290 18.0
Other 300 128.0
Western United States Total 4,140 Avge. $ 21.4
48 Continuous United States Total 9,240

Source: SOPPER, William E. [19717.Watershed Management, prepared for the National W
Commission,Nationa Technical Inf. Service. Springfield, Va. No. PB 206 370, pp.10
After a report by IC. Reigner, RC Maloney & E G Dunford (1969).
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The nominal or standard run for the model assumes that the total poten-

tial annual increase in water supply is reached by the year 2020.

Groundwater Management and Development

Groundwater represents a most important source because of the vast
amounts available and its favorable quality characteristics. It is pre-
sently estimated that about one-half of the total global groundwater
available (around 7 million square kilometers) is located within half
a mile from the surface of the ground. Different rates of growth of
mm&ater development for the U.S. are possible depending on the in-
vestment policies in the next few years. A constant 4—Zpercent growth is

taken here as the nominal or standard.

Other Technology

There are other technologies for increasing water supply which, al-
though yet unproven economically, might be potential souces of additional
water in the future. These include iceberg towing, undersea aqueducts,
artificial ice fields, off-shore reservoirs, and others. Optimistic es-
timates of future water supply availability could become reality if any

of these new technologies is successful.

Wastewater Reuse

It is believed that the prospects for increased reuse of treated muni-
cipal and industrial wastewater is considerable. The treatment cost esti-

mates for reuse presented by the Nationa Water Commission are as follows:
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The projections of the Water Resources Council (Ref, 6) for potential
industrial and municipal reuse will be taken as the ''nominal"' values for
this model:

A) "To meet projected industrial water withdrawal needs'

WIRCK WDRCK WDW + WIW
1975 20% 20% -
priNvAL)
1980 20% 20% 73 bgd (N
2020 54% 54% -

B) "To meet projected industrial and municipal water withdrawal

needs' - U.S. Water Resources Council

WIRCK WDRCK WDW + WIW
1975 20% 20%
1980 34% 34% 73 bpd
2020 87% 87%

Population and GNP

The U.S. Census Bureau has produced "B, C, and D level" population
projections for the year 2000 of 325 million, 300 million, and 280
million, respectively. These and other population projcctions will be
analyzed as scenarios here. 'High" and "medium’ GNP growth rates of

4.5% and 3.5%, respectively, as well as others, will be tested.

GRP PCP

4.5%, 4.0%, 3.5%, etc. 1%, 2%, 3%, etc.
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4.2 Llatin America

An attempt has been made. to define a ‘nominal' set of conditions
" for this region, paving the way for the analysis of a series of possible
scenarios. A variety of publication were consulted (see References) in
an effort to develop a good data base; wherever possible, model parameter

estimates were made on a country-by-country basis:

1) Water and the Energy Sector

The tremendous rate of growth of population (3.2 percent per annum)
and the expected increased per capita consumption due to the effects of
economic development and social expectations, makes it obvious that elec-
trical energy demand will keep growing. Assuming a doubling rate éf at
the most 10 years, the nominal value for future demand can be obtained.
Table VII presents the electrical power picture for Latinamerica in the

year 1968, A similar ratio of hydro to non-hydro production exists today.

2) Increasing Water Supply

It is expected that significant increases in impounded water due to
dam construction will augment the amount of available surface water. Water-
shed land management programs are also being implemented in various coun-
tries in an effort to maintain acceptable water quality and to increase the
available supply.

a) Reservoir Development:

It is assumed that the rate of growth of impounded water volume
will keep increasing at 2 possible nominal rate of 3 percent annually
in order to keep up with increasing industria},domestic and agricul-

tural demands.
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TABLE VIIL

Installed Capacity Total Generation Thermal-electric
up to 1968 (M) In GW-Hr Generation in GW-Hr

TOTAL 34,300 95,270 459,601

Mexico 6397 22,875 7001
Brazil 8800 38,700 7740
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b) Groundwater development:
It is assumed that groundwater supplies will share with sur-
face water supplies, the future load of agricultural demand, so that a

nominal 2 percent growth of ground supplies is takem.

¢) Watershed Management:

It is supposed that the average annual potential increase in
surface water supplies due to land management (on a per unit surface
basis) is comparable to the U.S., although it is clear that the capital
investment available for this program in Latin America is much smaller.
A nominal value of 5 percent in 1975, increasing up to 7 percent of the

annual potential by the year 2020 is taken here.

d) Wastewater reuse:
It is believed that in the industrially advanced Latinamerican
countried (e.g., Mexico, Brazil, Venezuela), the reuse of treated muni-
cipa; and industrial wastewater will tend to increase to significant

levels within the next thirty to forty years:

WIRCK WDRCK
1975 3% 2%
1990 5% 5%
2005 10% 10%

2020 20% 20%
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5. Analysis of Results

Appendix II presents the nominal or standard scemarios for the U.S.
and Latinamerica, These runs indicate that the model is functioning reason-
ably (e.g., the state variables of the hydrologit cycle, TWL and TWG in
particular, remain fairly constant throughout the simulation, the results
show the expected relationships between population and gross regional pro-
duct as generatorsof the various water demands, etc.); these simulations
also give an indication of what might occur in the future if the expected
trends of the different variables involved continue. No claim is made
here, however, that this will be the case of our future.

Looking at the standard run for Latinamerica, one can note the ap=
pearance of a significant deficit of water for industrial processes, cool-
ing and agriiculture at around the year 2,000, The domestic water deficit
is not too large and might be the result of computer round-off errors. How-
ever, this deficit could increase drastically if the demand of water per
capitawere to rise to levels comparable to those in the U.S. (of the order
of 200 cubic meters per ammm). This standard run also assumes very op-
timistic investment policies for electrical energy production, and this is
partly the reason for the exaggerated surpluses indicated; the other reason
being the assumed constant energy per capita demand (0.156 KW/cap/year}. On
the supply side, we assume investments in ground and water supply development
for industrial processes,with supply growth rates of 4 percent per year; for
domestic purposes, 3 percent growth of ground supplies and 2 percent of land
supplies. We also suppose here rates of ground and land supply growth for

agriculture of the order of 2.5 percent and 2.0 percent, respectively; while
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for industrial cooling purposes, 4.9 percent growth of land supplies, 3.0
for ocean supplies, and 1.0 for ground.

Analyzing the nominal run for the U.S., we note a significant cool-
ing water deficit withim the next ten years. The otﬁer uses (industrial,
domestic, agriculture) show surpluses at all times (note again the round-
off error in the industrial water criterion). A surplus of electrjcal
energy is also indicated because the investment and generation policies assum-
ed, at least keep up with the demand generated by the not too rapidly in-
creasing population. On the whole, desalination technology does not seem
to contribute a particularly large amount of the water supply; this is not
the case with watershed land management, which reaches in the year 2025
a level of 16.6% of the total water supply (land, ground, ocean). With re-
gard to investments for water supply developments, We assume a 2€ro growth
rate for domestic water supply; for agriculture, 1% growth from groundwater
supplies and 1% from land{negligible amount is assumed for ocean supply
growth rate);for cooling, 1l%from land and 2.1%from ocean; and a 1% growth

rate for groundwater supplies for industrial uses.
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Appendix III presents some of the scenarios that were found in-

teresting.

Latin America

1) Supposing a population cdntrol program is implemented to reduce
the population growth rate from 3.2 percent to 1.0 percent in the year
2025, the results of the model show that the domestic water deficit remains
just about at its negligible values of the nominal run. This indicates
that population control is much less important than teaching humans to use
water wisely so as to avoid increases in consumption per capita. The energy

surplus figures also remain at about the value of the nominal rum.

2) Assuming the rate of economic development of Latinamerica increases
linearly up to a value of 12 percent annually in the year 2025, the results
seem to indicate that the deficit of industrial and cooling water appears
about ten years earlier than before, which implies that significant invest-
ments in the water sector would be needed to avoid a catastrophe within
the next fifteen years. Because energy per capita demand is increased here
alos, (linearly per year) up to a value of 2,0 Kw/cap/year, a sudden deficit
of electrical energy occurs despite the optimistic investment policies assum-

ed,

3) 'Supposing a population explotion phencmenon even more drastic than
today's were to take the rate of growth from 3.2% to 6.0% (an exaggerated

value), results logically indicate that domestic water deficits grow much more
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significantly starting at around the year 1990. Despite this growth, how-
ever, the energy surplus remains at about the same level of the nominal rum

(again due to the low per capita demand).

4) Assuming mow a very slow or negligible water resources develop-
ment program in Latinamerica (no watershed management, desalination, ground-
water and surface water development, industrial recycling, etc), the model
assures disaster and chaos within the next five years due to deficits of
water in all categories, except for industrial uses(which eccurs at around

1985).

5) Repeating the nominal run, except for allowing no desalination
growth or watershed land management programs, the results show slight in-
creases in all the deficits, This indicates that both of these develop-
ment strategies might be important for augmenting the quantity of available
water only in certain localized areas (as in arid zones for the case of
desalination).vWe know, however, that hheir great value also lies in their
conserving water quality in general. This aspect cannot be studied yet with
the present structure of the model. A water quality submodel is Intended to

be built in this comnection within the next few months.

6) Assuming energy per capita increases linearly per year from 0.15 in
1975 to 2.0 KW/cap in the year 2025, and supposing the generation of non-hydro
electrical energy were to stagnate (in growth) starting in the year 1990, the
model results show that the electrical energy deficit gréws. to its largest vol-

yet, and this situation is never remedied under this scenario.
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United States

1) Supposing that the total potential annual increase in surface wat-
er supply due to land management programs is made available, and assuming
no growth in other sources of water, _the model results show an immediate
cooling water deficit, while an industrial water deficit appears later in
the year 1995, The results also indicate a significant deficit of agricul-

tural water supply, starting . immediately.

2) Assuming that the actual trend of decreased population growth con-
tinues down to zero growth level by the year 2025, the model indicates that
the surplus of domestic water is slightly larger than in the nominal run
(the other uses still show surpluses as well), which means that this would
minimize even more the danger of possible water shortages in the U.S. in the

next fifty years.

3) Assuming there is no growth in conventional water supplies, but
there is desalination growth up to.0.22 cubic kilometers per year én the
year 2025 and land management programs of 11.3 cubic kilometers per year,
we see from the model results that almost immediately, a significant imdustrial
cooling deficit (even worse than in the nominal run) and an agricultural
deficit appear convincingly. The other criteria re:main the same as in the
nominal run.

4) Supposing GRPR increases linearly up to a value of 6.0% annually by

the year 2025, a dramatic deficit for thermalelectric cooling water appears

starting in 1980; and by 1990, a deficit also occurs for industrial process
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water. Similarly, a large deficit for electrical energy occurs right-
away (you will note that this amount, however, is smaller than in all
of the scenarios run for the Latinamerican region due to the latter's
larger population}. Although the recycle policies (inustrial and domes:
tic) were larger here than in the nominal run, they caused no apparent

change in any of the criteria.
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APPENDIX II
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Units:

The data listed in Appendices II and III is given in
cubic kilometers; only the following variable are given
in terms of other units: GRP, billions of dollars; POP,
inhabitants; AL, square kilometers; ENH, megawatts; EH,
megawatts,
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LATIN AMERICA

NOMINAL ~ RUN



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
199n
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2ni8
2019
2020
2021
2027
2023
2024
2025

GRP
0.335E
0,359k
n,384E
0.411E
0.441E
0,472k
0.505E
n.,541k

n.58nk

0.,621E
0.665E
n.71%E
0.763E
0.817E
0,875k
0,937E
0,100E
0.107E
0,115E
0.123E
0,132E
0,141k
0,151E
0,162E
0.174E
0.186E
0,199E
0,213k
n,228E
0,245t
0.262E
0.281E
0,301E
0.322k
0,345k
0.369E
0,395k
0.424E
0.454E
n,486k
n,52nE
0,557k
0.597E
0,639
0.685E
0,733k
0,785F
0.841k
0.901k
0,964E
0.103E

Wl
0.542F
0.581F
0.672E
0.666E
0.714E
0.764E
0.819E
0.877&
0.939E
0.101F
0.108E
0.115E
0.,174F
0.132E
0.142E
0.152F
0.,163F
0.174¢
0,186F
0,.200E
0.214E
0,229E
0.245F
0.263E
0,281F
0.301E
0,323E
0.346F
0,370E
0,396F
0,425E
0.455F
0.487F
0.521E
0.559¢€
0.598E
0,641E
0,686F
0,735E
0,787t
0.843E
0.903E
0.967F
0.104F
0,111k
0.119¢€
0.127¢
0.136E
0.146F
0.156E
D.167E
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WIL
0.438E
0.469E

0.503E

0.538E
0.577¢
0.618E
N.661E
0.708k

. N, 759

n,813E
0,870
0.932€
0,998E
0.107€
0,114E
0,123E
0.131E
0,141E
0,151E
0.161E
0,173E
0.185E
0,198€
0,212E
0.P27E
0,243E
0.761E
0.279F
0.299E
n.320E
0.,343E
0.367E
D,393E
0,421E
0.451E
D.483E
0.518E
0.554E
0.594E
0.636E
0.681E
0.729E
0.731E
0,B37E
0.896E
0.960E
0,103E
0.110k
n,.118E
0.126E
n,135E

WIG
0,104F
0.111F
n.119E
t,127F
0.136F
N,146E
n,156E
U.167E
0.,179E
0.192F
0.206E
0.,220F
0,236F
0.,253F
n,271F
0,290F
0.310E
0.332E
0.356E
0,381F
N.408F
0,437E
0.468F
0.502E
0.537F
0,575k
0.616E
n.660F
0,707k
0,757F
n,811F
0,868k
0,930F
0,996F
0.107F
0,114E
0.122E
n,131E
U.,140F
0.150F
0.161E
0,172F
0~ 185k
D.194F
0.212E
0,227F
0.243€
0.260E
U,279E
0,298E
0,320F

W10
N.000k
n.000E
N, 000k
n,000E
0.000E
0,000k
0.000E
0,000E
0,000E
0,000E
0,000k
n.onoe
0,000k
0,000k
n.000c
n.000E
n.000E
0,000k
n.000E
0.000c
0,000k
0.0Nn0E
0.000E
0,000E
n,00n0E
0,000E
0.0n0k
0.000E
0,000E
0.0n0E
0.000E
0,000k
0,000E
0,000k
0.000E
0,000E
n.ono0E
0,000E
0,0n0E
0,000E
n,000E
0.000E
0.000E
0.000E
0.000E
0,000E
n,0N0k
0,000E
0.000E
0.000E
0.000E



197%
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2n2?
2023
2024
2025

WIW
0,276E
n.295€
n,316€
n,339E
0,363k
0,388k
0.416E
n,445¢t
0,477E
0,511E
0,547k
0.586E
0,62RE

0.672E
0.720E

0.771E

0,826E
0,884E
0.947E
0.101E
0.109E
0.116E
0,125
0.133E
0,143E
0.153E
0,164E
0.176E
0.188E
0,201F
0,216E
0.231E
0,247€
0.265E
n,”284t
0.304E
0,325E
0,349
0,373E
0, 40NE
0.428E
0. 459E
n,491E
0.526E
0.563E
0.603E
0.646E
0.692€
0.741E
0.794E
n.85n0E

WIR
0,193E
0.207E
0,221k
0,237E
0,254F
0.272E
0.291E
0,.312E
0.334E
0,358E
0,3R3E
0.410E
0.439E

0,470E
0.504E
0.540E
0,578E
0.619E
0.663E
0.710E
0.760E
0.814E
0,872E
0.934F
0.100E
0.107E
0.115E
0.123E
0,132F
0.141F
0.151F
0.162EF
0.173€
0.185E
0,199
0.213E
0,228E
0,244F
0.261E
0,280F
0.300E
0.321E
0.344E
0.368E
0,394k
0,472E
0.452E
0,4B4E

0.519&

0,556E
0,595E
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HIRL

0.116E
0,124k
n.,133&
0.142E
0,152¢
0.163E
0.175E
n.187€
*0.200E
0.215E
0,23$0E
0,246E
0.264E

0.782E
0.302E
0.324E
0,347k
0,371E
0.398E
0.426E
0.456F
0,489k
0,523E
0.560E
0.600E
0,643E
0.688E
0.737&
0.790E
0.B846E
0.906E
0,970k
0.104E
0.111€E
n.119E
0.,128E
0.137E
6.,146E
n.157¢€
0.168E
0.180E
0.193€
0.206E
0,221k
0.237E
0,253k
0.271E
n,?91k
0.311E
0.333E
n,357E

01
01
01
U1
01

02

0?

WIRD
0.3B6F
0.413E
6.443E
0.474F
0.508E
0.544F
0.582E
0,624E
0.668F
0,715E
0.766E
0.820E
0.879E

0.941E
0,101F
0.108E
0.116F
0.124¢%
0.,133F
0.,142E
0.152F
n.163E
0.174E
0-.187E
0,200F
0.214E
D.229F
0,246E
0,263E
0,282F
0,302F
0.323F
0.346E
0.371F
0,397€
0,425F
0.456E
0,488E
0,523%
0.560F
0.599F
0.642F
0.688F
0,736
n,789F
U.B845E
0,905E
,969E
6,104F
0.111E
0.119%

WIRG
0,386E
0,413E
0.443E
0.474E
0.508E
0.544E
0.582k
0.624E
D.668E
0,715E
0.766E
0.820E
0,879t

0.941E
0.101E
0.108E
0,116E
0,124k
0.133E
0,142E
0,152E
0.163E
0,174E
0.187E
0,200E
0.214E
0,229E
0.246E
0,263E
0,282E
n,302E
0,323k
0.346E
0,371E
0.397E
0,425t
0,456E
0.488E
0.523E
0,560E
0,599E
n.642€
0.688t
0,736t
0,789k
0,845k
0.905E
0.969%E
0.104E
n.111E
0,119k



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2noé6
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

POP
n.307E
0,317E
0.327€
0.337E
0,348E
0,359E
0,371E

0,383k

0.395E
0.407E
0.420E
0,434k
0.448E
0.462E
0.477€
0.,492E
0,50R8E
0.524E
0.541E
0.558E
0.576E
0.595E
0.614E
D.633E
0.653E
0,674E
N.696E
0.718E
0.741E
0.765E
0,789E
0.815E
0.841k
0.867E
D,895E
0,924E
0.953E
n,984E
0,102E
0.,105E
0,108E
n,112E
0.115E
0,1109E
0.123E
n.127E
0,131E
0,135k
6.,139E
0,144€
0,143k

WD
0,105E
0.109E
0.112E
0.116E
0.119E
0.,123E
6.127E
0.131E
0.135E
0.140F
0,144E
0.149E
0.154E
0.159E
0.164F
0.169E
0.174E
0.180E
0.186E
0,192E
0.198E
0.204E
0.211E
0.217E
0.224E
0.231E
0.239E
0.246E
0.254E
0.262E
6,271E
0.279F
0.288E
0.298E
0.307E
0.317E
0,377E
0.338E
0,348E
0.360E
0,371E
0,383E
0.395E
0,406F
0,421F
0. 434E
.448F
0,4636
0.477E
(i, 493E
0.5n8F

02

02
02
02
02
02
02
02

g2
02
02
nez
02
n2
02
02
02
02
02
02
02
nz
62
02
02
02
ne

a2

n2
n2
e
02

02
ne
02
02
02
02
02
ne

n2
nz
(U4
ne
0y
02
0?2
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WDG
0,358E
0.369E
0,381E
0.393E
0.406E
0.419E
0.432E
. 0,446E
D.461E
0,475E
0.491E
0.506E
0.522E
0.539E
0.556E
0.574E
0,.593E
0.611€E
0.631E
0.651E
0.672E
D.694F
0.716E
0.739E
0.762E
0.787E
0.812€
0.838E
0.865E
0.BY2E
0,921F
0.950E
0.981E
0.101F
D.104E
n,108E
0.111E
0.115E
0.118E
0.122E
0,126E
0,130k
0.184E
0,139E
0.,1438
0.148E
0.1528
0,157E
0.162F
0,167k
0.173E

WDL
0,695E
0.717E
0.740F
0.764F
0,788E
0.313E
0.840E
0,866E
0,894E
0,923k
0,952E
0,983k
U.101F
0.105E

0.108E

0.111F
0.115€
0.119€
0.122€
0.126F
0.130F
0.135E
0.139€
0.143E
0.148E
0,153E
0.158F

0.163E°

0.168E
0,173k
0,179F
0.,1R4E
0.190F
0,196F
0,203F
0,209E
0,216k
0.2?3E
0.,230F
0,237¢
0.245E
n,2%3E
0:261F
0.269E
0,278F
0,287E
0,296k
,305E
0D.315%
0,3P5F
0,336F

WDO
0,000k
0.000E
0,000k
0,000E
0.000E
0.000E
0.000E
0,000E
0,000&
0.000E
0.000E
0,0n0E
0,.000E
0,0n0E
0,000k
0,000Et
0,000E
0.000E
0,000E
0.000E
0.000E
0,000E
0,000E
0,000E
0.000E
0,000E
n,000k
0,000E
0,000E
n,000E
0,000E
0.000E
N.000k
0,000k
n,000E
0,000E
n,000E
0,.000E
0.0n0&
0.000E
D,0N0E
0.000E
0,000k
0.000k
n,ongkE
D,000t
0.00CE
0,000E
n.o000k
0.000k
0.000kE



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

WDW
D.800E
n,826E
n,857E
n,880€E
0.908E
n.937€
0,967E
0,998E

0.103E

0.106E
0.110E
0.113E
0,117E
0.121E
0,124E

0.128E

0,137E
0:137€
0,141E

D.146E
0.150E
0,.15%E
0.16NE
0,165k
0.170E
0:176E
0,181E
0.187E
0,193E
0,199E
0,206E
0.212E
0.219E
0.226E
0.233E
0,241k
0,249E
0.257E
0.265E
0,273E
0.282E
0.291E
0,300E
0,310E
0,320€
0,330E
0,341k
0.357€
0.363k
0,374E
0,3B4E

WDR
0,320E
0,330F
0,341F
0,352k
0.363E
0.375E
0.387E
0,399E
0.412E
0,4P5E
0.439E
0.453E
0.4n7F
0.482E
0,497E
0,513E
0.530E
0.547E
0.564E

0.582EF
0.601F
0.620E
0.640F
0,660F
0,682E
0.703F
0.726E
0,749E
0,773EF
0.798F
0,823E
0.850F
0,877E
0.905E
D,934F
D,964E
0.994E
0.,103E
0,106E
0,109E
0,113E
0,116E
0.120E
0,124F
0.128F
6,132E
0,136E
0.141E
0.145E
0.150F
C.155F
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WDRG
0N.640E
0.661E
0D.682E
0,704E
0,726kt
0.749E
0,773k
0,798k

' 0,824E

0.850E
0,877k
0.90V5E
1.934E
n.964k
0,995E
0.103E
0,106E
0.109E
0.113E

0,116E
0,120E
0.124E
D,128E
0.132E
0.136E
0,143E
0,145t
0,150k
0.155E
0.160E
0,165E
0.170E

0,175€

n.181E
0.187E
n,193k
0.199E
0.205E
0.212¢€
0.719E
0,226E
0.233E
0.240E
0,7248E
0,256E
0.264E
0,273E
0.281E
0,290E
0.299E
0.309E

WDRL
U,192F
,198E
n,205F
n,211kE
0,218E
0,275k
0,232E
0.239E
0.,247E
0.255&
0,263E
0.,272E
0,2R0F
0.2R89F
0,298F
0.308E
0,318E
0.328E
0,339E

0,349E
0,361k
n,372€
0.384E
0.,396E
.,409E
0,422E
N.436E
0.449E
0.464F
0.479E
0,494E
0.510E
0.576E
0.543E
1.560E
0.578E
0.597E
0,616E
0,635E
0.,6%6E
0.677E
0.,698E
0,721F
0,744E
0.768F
0,792€
0.817F
l.844E
0.871E
0.898F
1.927E

WDRO

n.640E
0.661E
n,687k
0.704E
0.726E
0.749E
n.,773k
0.798E
0.824E
0.850E
0,877k
0.905E
0.934E
N.964E
0.995E
0.,103E
0.1n6E
0,109k
0,113E

0.116E
0,120E
0,124k
0.128¢E
0,132E
0,136E
0,141E
0.145E
0,150k
0,155E
0,160E
0,165E
0.170E
0.175E
0.181E
0,187E
0.193E
0.199E
0.205E
0,212E
0,219k
0,226k
0,233k
0.240E
0,248E
0,256k
0.264E
0,273k
0.281E
0,290&
0,299k
0.309k

on
00
on
00
00
oo
00
oo



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
§991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2no8
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

AL
0.918E
0,941k
0.965k
0.989E
0.101E
0,104k
0,106E
0,109E
0.112&
0.115¢E
0.118€E
0.120E
0.123€
0,127€
0.130E
0.133E
0.136E
0,140E
0.143E
0.147E
0.150E
0,154E
0,158k
0,162E
0.,166E
0,170E
0,174k
0,179E
0.183E
0.188E
0,193k
0.1%97¢
0,207
0.207E
0.213E
D,213¢€
0,223E
0,229E
0.235E
0,240E
0.2456E
0,253E
0,259E
0,265¢€
0.277E

0,279E.

0,286k
0.293E
0.300E
0,308k
0.315E

WA
0.156E
0.159E
0.163F
0.168E
0.172E
0.176E
0.180F
0.185E
0.190E
0.194E
0.199F
0.204E
0.209F
0,214E
0,270F
0.225EF
0,231E
0.237E
0,243F
0.249E
0,255E
0.261E
0.268F
0,274E
0,281F
0,2R8E
0.296F
0.303E
0.311E
0.318E
0,326F
0.334E
0.343E
0,351E
0.360E
0,369E
0.378E
0,388E
0.,397E
0,407E
0.418EF
0,428k
0.439E
D,450F
0.461F
0.472E
0,484F
0,496E
0,509E
0,521E
0.534E
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HAG
0.554E
0.568&
0.582E
0.,596E
0.611E
0.627E
0.642E

,0,658E

0.675E
0.692E
0.709E
0,727E
0.745E
0.763E
0.783E
0.802E
0.822E
0,843
0.864E
0.885E
0.907E
N.930E
0.953E
0.977E
0.100E
0.103E
D, 105E
0.108E
0.111E
0,113E
0.116E
0.119E
0.127E
0.125E
0.128E
0.131E
0,135¢
0.138E
0.141E
0.145€
0.149E
0.152E
0.156E
0.160E
0.164E
0.168E
0,172E
0.177E
0.181E
0.186E
0.190E

WAL
0.100E
0.103k
0,105F
0.108F
0.110F
U.113F
0.116E
0.119E
0.172F
0,125F
0.128E
0.131E
0.135E
0.138F
0.141E
0.145E
0.148F
0D.152F
0.156E
0.160E
0.164E
0.168F
0,172F
0,176F
0,181F
0,185F

0.,190F

0.,195€
0.200E
0.205F
0.,210E
0.215E
0.220E
0.226F
0.232E
0.237E
0.,243E
0,249k
0.256E
0.262EF
0,268E
0.275E
0.282E
0,289F
0.296E
0.304E
D.311F
0.319E
0,327F
0,335F
0.344F

WAO
D.156E-02
0.159E-~07
D.163E-07
D.148E-02
0,172e-02
0,176E-07
0.180E-02
0,185E-07
0.190E-0?
0,194E-02
0,199E-02
0,204E-02
D,209E-02
0.214E-02
0.220E-02
D.225E-02
0.231E-02
0.237E-02
0.243E-02
B.249E-02
0.255E-02
0.261E-0?
0.26BE-02
0.274E-02
0.281E-02
D.288E-02
0.296E-07
0,303E-02
0.311E-02
0.318E-02
0.326E-07
0.334E-02
N.343E-02
0.351E-02
0.360E-02
0.369E-02
0.378E-02
D,38RE-02
0.397E-02
0.407E-02
0.418E-02
0.428E-02
0,439£-02
0.450E-02
0,461E~02
0,477E-02
0.4B4E~02
0.496E-02
0,509E-02
D.521E-02
0,534E-07



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
20095
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

WANW
0.666E
0,683k
0.700E
0.,717E
n,. 735k
0.,753E
0.772E
0.797E
0.811E
0,832E
0,852€
0.,874E
0,B9SE
n.918E
0.941E
0.964E
0,988E
0.101E
0.104E
0.106E
0.109E
0,112€
0.115€
0.117E
0,120E
0,123E
0,127E
0.130E
0.133€E
0.,136E
0.140E
0.,143€
0.147E
n.150E
n,154E
0,158k
0,167E
0.,166E
n.170E
0.174E
n,179€
0.183E
0.,188E
0,192E
0.197E
0,202k
0.207E
0.212E
n,218E
0,223k
0,229E

HAR
0.533E
0,546E
0.560F
0.574E
0.588E
0.,603E
0,618E
0.633F
0.649E
0.665k
0.682E
0.,699%E
0.716E
0,734E
0.753E
0.771E
0,791E
0.810E
0.831E
0.851E
0.873E
0,.895E
0,917
0.940E
D.,963E
0,987E
0.101E
0.104E
0.106E
0,109E
0.112E
0.114E
0.117E
0,120E
D,123E
0.126EF
0.130F
0,133k
0.136F
0.139E
0,143E
0,147E
0.150E
0.154E
0.158E
0.162E
0.166E
0.170F
0.174E
0,179E
0.183E
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WARG
0,213E
0.218E
0.224E
0,229%E
0.735€
0,241E
0.747E
0.253E
0,260E
0,266k
0.273E
n.,”?80E
0.287E
0.294E
0,301E
0.309E
0,316E
0,324k
0.332E
0.341E
0.349E
0.358E
0,367E
0.376E
0,385E
0.395E
0.405€
0,415k
0,425E
0,436E
0.447E
0.458E
0.469E
0,481E
0,493E
0.,505E
0.518E
0.531E
0.544E
0.558E
0.572E
0,.586E
0.601E
0.616¢&
0.631E
0.647€
0.663E
0.680E
0.697E
0.714E
0.732E

03

WARL
0.370E 03
n,328E 03
6,336 03
n,344F 03
0,353k 03
0.362F 03
0.,371E 03
U.380E 03
0,389 03
0.399E 03
0,409E 03
0,419F 03
0.,430F 03
0,441E 03
0,45%2E 03
0,463E 03
0,474E 03
0.4RB6E 03
0.498F 03
n,511E 03
0,524E 03
0.537E 03
0,550F 03
0.564E 03
0,578 D3
0.592F 03
0.,6N7F 03
0.622E 03
0.638E 03
N.654E 03
0.,670F 03
0,687E 03
0.,704E D3
0,772E 03
0,740E 03
0,758 03
0,777 03
0.797F 03
0.516E 03
0.8X7E 03
0,858E 03
0.879E 03
H,901F 03
0.924E 03
0,947E 03
0,970E 03
0.995F 03
0.102E 04
0.104E 04
0.,107E 04
0,110 04

WARO
n,000E
0.0N0E
g.0n0E
0,000k
0,000E
0.000E
0.000E
n.000E
0,000E
0,000E

0,000E

0,000E
n.000E
0.000E
0.000E
0.000E
0.,000E
0,000E
n,000E
0,000k
0,000E
0,000E
0,000E
0,000E
0.000E
0,000E
n.000&
0.000E
0.,000E
0,000E
0,000E
0,000E
0,000E
0.,000E
n,000k
0,000k
0,000E
0,000E
0D.000E
0.000E
0,000E
0.000E
0.000E
0.0N0&
0.0n0E
n.000E
0.,000E

0.000E

n.o000E
n,000E
0,000k



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1966
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2027
2023
2024
2025

WIicC

n.435E
n.466E
0.499E
0,535E
n,573E
0,613k
0,657k
0.,704E
0,754E
0,.807E
0.B864E
n.926k
0.991E
0,106€
0,114t
n,122t
0.130E
0.140E
0.150E
0.160E
0.172E
0.184E
0,197E
0.211E
0,226t
0,247t
n,259k
0,277t
0.297€
0.318E
0,343k
0,365E
D.391E
0,418E
0.44RE
0.48nk
0,514k
0,551E
0.590E
0.,637E
0,676E
0.724¢€
n.776E
0.831E
0.890&
n.953E
n,102k
n.109E
n,117E
0.125€
0.134E
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WICL

0.432E
0.462E
0.495E
0.530E
0.568E
0,608E
0.,651E
0.698E
0.747E
0,800k
0.857E
0.918E
0,983E
0,105k
0,113F
0,171k
0.129E
G,139E
0.148E
0.,159E
0.170E
0.182E
0.195E
0.209E
0.224E
0,240E
0.257E
0,275k
0,295k
6.,315€
C,338E
0.362E
0.387E
0.415E
0.444E
0.,476F
0.510E
0.546E
0.585E
0.626E
0.671E
0.,718E
0.769E
0,824E
0,8R2E
0.945¢
0,101k
0.108E
0,116F
0.124E
0,133E

n1
ni
01
ni
N1
01
01
01
ni
ni

nz

02
02

nz
ne
ne
0z
02
02
02
02
ne
nz
03
03
n3
03
03

WICG

0.361E~
0,387~
0.414E~
0,4494E-
0.475E-
0.509E-
0,545E~
0,584E-~
0.625E~
0.670E~
0.717E~
0.768E~
0.823E-
0.,881E~
0,944E-

0,101k
0,108k
0,116E
0.124€
0,133E
0,142t
0.153E
0,163E
0,175k
0.187E
0.201E
0.215E
0,230E
0.747E
0.264E
0.283E
0,303k
0,324E
0.347E
0,372E
0.398E
0.427¢t
0.457E
0.489E
0,524k
0,561E
0.601E
0,644E
0,690E
0.739E
0,791k
0,847E
0.907E
0.972E
0.104E
0,111E

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

WICO
0,000E
0,0nQE
0.,000F
0.000E
0.000E
0.000E
0.000E
0.000E
n,000E
n,000E
0,000k
0,000E
0.,000E
0,000E
0.000E
0,000E
0,000FE
0,0N0F
0,000E
0,000E
0.060E
0.000F
0.,000E
0n.U000E
0.000FE
0,000k
0,000k
C,0n0F
0,000E
n,000E
0., 000E
D.000E
n,onpe
n,000E
N.000E
n,000F
0.000E
0,000F
0.000E
0, 000E
0,000F
0,000E
(0. 000F
0.00DE
0.000E
0,000E
0,000F
0.000E
0,000k
0,000E
B.,N00E
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WICW WIRC WICRL
1675 0,435 01 0,435k 01 0,435 01
1976 0.466E 01 0.466E 01 0.466E 01
1977 0.499E 01 0,499t 01 0,499t 01
1978 0,535E 01 0,535t 01 0.53%E 01
1979 0,573E 01 0,573k 01 6,573 01
1980 0.613E 01 0.613E 01 0,613E 01
1981 0.657E 01 0.657E 01 0,657 01
1982 0.704E 01 0.704F 01 0.704E 01
1983 0,754E 01 0.754E n1 0,754E 01
1984 n,Bo7t 01 0,807E 01 0.807& 01
1985 0.864E 01 0.864E 01 0.864E 01
1986 0,926E 01 0,926E 01 0.926E 0t
1987 0.991E 01 0.991E 01 0,991E 01
1988 0.106E 02 0.106F 02 0.106E 02
1989 n.,114& 02 0,114E 02 0.114€ 02
1990 0,122 02 0.,122E 02 0,122 02
1991 0.130E 07 0,130E 02 0,130E 02
1997 0,140E 02 0,140E 02 0,140E 02
1993 0.,150E 02 0,150F 02 0.150E 02
1994 D.160E 02 0.160E 02 0.160E 02
1995 0.172E 02 0.172E 02 0.172E 02
1996 n.,184E 02 0.184E n2 0,184t 02
1997 n,197E 02 0.197E 02 0,197E 02
1998 0,211 02 0.211E 02 0,211 02
1999 0,226E 072 0,276E 02 0,226 02
2000 n,242€ 02 0,242E 02 0,242 02
2001 0.259E 02 0,259E 02 n.259€ 02
2002 0.277E 02 0,277 n2 0,277k 02
2003 06,297 02 0,297E n2 0,297 02
2004 0.318E 072 0.318E 02 0.318E 02
2005 n,341E 02 0.,341E n2 0,341k 02
2006 0.365E 02 p.365E N2 - 0.365E 02
2007 0.391E 0? 0.391E 02 0.391E 02
2008 0,418E 0?2 0,418E 02 0,418 02
2009 0,448t 07 0.448E 02 0,448 02
2010 0,480 02 0,480E 02 0,480 02
2011 0.514E 02 D.514E 02 0,514 02
2012 0.551E 02 0.551E 02 0,551E 02
2013 0D,590E 02 0.590E 02 0.590E 02
2014 0.632E 02 0.632E 02 0.637E 02
2015 0,676E 02 0.676E 02 D.676E 02
2016 0.724E 02 0,724F 02 0.724E 02
2017 0.776E 02 0.776F D2 0,776E 02
2018 0.831E 02 D.831E 02 0.831k 02
2019 0.890E 02 0,890E 02 0,890k 02
2020 0,953t 07 0,953E 02 0,953 02
2021 0.,102E 03 0.1n2E 03 0,102E 03
2022 0.,109E 03 0,109E 03 0.109E 03
2023 06,117 03 0.117€ 03 0,117 03
2024 0.,125€ 03 0,12%E 03 n,125€ 03

2025 0.134t 03 0,134E 03 0,134E 03



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2066
2007
2008
2009
2010
2011

2012
2013
2014
2015
2016
2n17
2018
2019
2020
2021
2022
2023
2024
2025

TWG
0,855E
0,855k
0,855k
0.855€
0.855E
0,855k
0,855E
0,B855E
0,856E
0.B56E
0.856E
0,856E
0,856E
0.856E
0.856E
0,857t
0,857&
0.857E
0,857k
n,.857E
0.857E
0.857E
0,857t
0.857E
0,857E
0.857E
0.857E
0,857E
0,.857E
0.857E
0,857E
0,855E
0.856E
0.856E
0,.856E
0,856k
n.855E

0,855E
0.855E
0,855E
0.854E
0.854¢€
0,853k
0.,853E
0,853k
0.857E
0.851E
0.851E
0,850k
06,B50E
0,.B849E

WGL
0,650E
C.650E
0.650E
0.650E
0,650E
0.650E
0,650E
0,.650E
0,650F
0,650E
0,651E
0.651E
0,651E
0.651E
0,651k
0,651E
0,651E
0,651E
0.651E
0.651E
0.651E
0,651
0.651E
0.651E
C,651E
0.651E
0,651k
0.651E
0,651E
0,651E
0,651E
0,651E
0,651E
0,651E
0.651E
0,650E
0.,650E

0.650E
0.650E
0.649E
0,649E
0,649E
0,649E
0,648E
0,643E
0.648E
0.647E
0.647E
0,646E
0,646E
0.645E

THLM
0,000E
0.151E
0.307E
0,453E
0.604E

'0,755E

0,906E
0,106E
0,121E
N.136E
0.151&
D.166E
D.181E
0.196E
0,211k
0,226k
0.242E
0,257k
0,272k
0,287E
0,307k
0,317E
0,332k
0.347E
0.,362E
0,377€
0,393k
0,408&E
0,423€
0.438E
0,453k
0.466E
0,483E
0.498E
0.513E
0.528E
0,543E

0,559E
0.,574E
0.589€
0.604E
0.619€
0,634k
0,649k
0,664E
0.,679E
0.694E
0.710E
0.725E
0.740E
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WLIP WOIP WGIP WOSIP WLMIP
1975 0.770€ 01 0.000E 00 0.182E 01 0.000E 00 0.000E 0N
1976 0.804E 01 0.000E 00 0.190& 01 0.863E~03 0,1956-01
1977 n.839& 01 0,.000E 0O 0,197 01 0.259E-02 0,390E-01
1978 N.8746E 01 0.000E 0o 0,205E 01 0.518E-02 0.584E-01
1979 0.914€ 01 0.000E 00 0,213E 01 0.,363E-02 0,779E-01
1980 0.953E 01 0.000E 00 0,222E 01 0,129E~-01 0,974E=-01
1981 0.993E 01 0.000E 0O 0,231E 01 0.181E-01 0.,117€ 00
1982 0.104E 02 0,000E 00 0,240E 01 0.,242F-01 0.136E 00
1983 0,108E 02 0.000E OO 0,250E 01 0.311F-01 0.156E 00
1984 0,112 02 0.000E 0O 0.,260E 01 0,388F-01 0,175E 00
1985 0,117 02 0.000E 60 0,?70E 01 0,475E-01 0,195k 00
1986 0,122 02 0.000E 00 0,.281E 01 0.569F=-01 0.214E 00
1987 0,127 02 0.,000E 00 0,292 01 0,673E-01 0,234E 00
1988 0,132E 02 0,000E 00 0.304E 01 D.785E=-01 0,253E 00
1989 0,138E 07 0,000E 00 0.316€ 01 0,906E-01 0,273 00
1990 0,143E 02 0.000E 0O 0.329E 01 0.104E 00 0,292 00
1991 0.149E 02 0.000E oD 0,342 01 0.,117€ 00 0,312E 00
1992 0,155E 02 0,000E 00 0,356E 01 0,132 00 0,331E 00
1993 0.,162E 02 0,000E 00 0.370E 01 0,148€ 00 0,351E 00
1994 0,168E 02 0,000E 0O 0,385 01 0.,164E 00 0,370 00
1995 0.175e 02 0,000E 0O 0,400& 01 0.181E 00 0,390 00
1996 0,182E 02 0.000E 0O 0.,416E 01 0.199E 00 0.409E 00
1997 0,189E @2 0.000E 0O 0,433 01 0.218E 00 0,428E 00
1998 0.197E 02 0.,000E 0O 0.450E 01 0.238E 00 0.448E 00
1999 0.205€E 02 0.000F QO 0,468E 01 0,259E 00 0.,467E 00
2000 0,213€E 02 0,000E 0O 0,487E 01 0.280F 00 0,487 00
2001 0,221€ 02 0,000F 0O 0.506E 01 0,303E 0O 0.506E 00
2002 6,230 02 0.000E 00 0,527& 01 0.326E 00 0,526k 00
2003 0,239E 02 0.000E 00 0,548E 01 0,350E 00 0,545E 00
2004 0.,249E 02 6.0D0E 00 0.569%9E 01 0,375E 00 0,565E 00
2005 0,258E 02 0.000FE 00 0,592€ 01 N,401€ 00 0,584E 00
2006 0.269E 02 0.000E 0O 0,616E 01 0.428F 00 0,604k 00
2007 0.279E 02 0.000E 0O 0.640€ 01 0.456E 00 0,623E 00
2008 0,290E 02 0,000E 0D 0.666E 01 0,4B4E 00 0,643E 00
2009 0,302E 02 0.000F 00 0.692E 01 0.513F 00 0,662E 0N
2010 n,313E 02 0,000E 00 0,720 01 0.544E DO 0.682E 00
2011 0.326E 07 0.0n0E 0D 0.748& 01 0.575E 00 0,701E 00
2012 0.338E 07 0.000E 0D 0,778 01 0.607E 0O 0,721E 00
2013 0.351E 07 0,000€ 00 0.809€ 01 0.639€ 00 0,740E 00
2014 0.365€ 07 0.000E DO 0,R841E 01 0.673F 00 0.760& 00
2015 0.379E 02 0.000E DO 0,874 01 0.707E 00 0.779€E 00
2016 D.394E 02 6.000E 00 0.908E 01 0,743E 00 0,798E 00
2017 0,409 02 0,000E 0O 0,944E 01 0,779E 00 0.818E 01
2018 0,425E 02 0,000E 00 0.981E 01 0.816E 00 0,837E 06O
2019 0.441E 02 0,000E 00 0,102 02 0,454 0O 0.857€ 00
2020 0.45RE 02 0.000E DO 0,106€ 02 0,.893E 00 0,876E QO
2021 0,476k 02 0.000E DO 0,110 02 0.933E 00 0.,896E 00
2022 0.494E 02 0,000E 00 0.115€ 02 0,973 00 0.915E 00
2023 0,513k 02 0.000E 0O 0,119k 02 0.101E 01 0,935 00
2024 0,533t 02 0,000E 00 0,124E 02 0,106E 01 0.954E 00

2025 0.553E 02 0.000E 00 0,129 02 0.110E 01 0.974E 00
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WLDP WODP WGDP WOSDP WLMDP
1975 0,619 01 0,000E 00 0.350E 01 0.0N0E 00 0,000 0D
1976 0.634E 01 0,000E 0O 0,361t 01 0.129E-02 0,113E-01
1977 0,649E 01 0.000E NO 0,372 01 0,388E-02 0.226E-01
1978 0,664E 01 0,000F 00 0,383E 01 0,776F=-02 0,340E-01
1979 0,679E 01 0.000E 0O 0.394€ 01 0,129E-01 0.,453k-01
1980 0.695E 01 0,000E 00 0.406E 01 4,194E-01 0,566E-01
1981 0.,711E 01 0.000E DO 0.418E 01 0.272F-01 0.679E-01
1982 0.727 01 0.000E 00 0.431€ 01 0,362E-01 0.793E-01
1983 0,743E 01 0,000E 0O 0.444E 01 0.466E~01 0.906E-01
1984 0.759E 01 0.000E 00 0.457 01 0.582F-01 0,107 00
1985 0,775 01t 0,000E 0O 0.471e 01 0.,712E-01 0,113 00
1986 N.792E 01 0.000E 00 0,485k 01 0.,854E-01 0.125E 00
1987 0,809E 01 0,0NC0E 00 0.500E 01 0,101E 00 0.136E 00
1988 0.826E 01 0,000E 00 0.515€ 01 0,118F 00 0.147€ 00
1989 0,843E 01 0.000E 0O 0,530E 01 0.136E 00 0.159& 00
1990 0.861E 01 0,000E 0O 0,546E 01 0.155& 00 0.170E 00
1991 0.879E 01 0.000E 0O 0.%563E 01 n.176& 00 0.181E 00
1992 0.897E 01 0.000E 00 0.580E 01 0.198E 00 0.193E 00
1993 0,915 01 0,000E 0O 0.597E 01 0.221E 00 0,204 00
1994 0,934 01 0.000E 00 .0,615E 01 0,246E 00 0,215 00
1995 0.953E 01 0.000E 0O 0,634 01 0.272E 00 0.226E 00
1996 0,972E 01 0,000F DO 0.653E 01 0,299E 00 n.238E 00
1997 0,992 01 0.000E 0O 0.672E 01 0.327E 00 0,249E 00
1998 0,101E 02 80.000E 00 0,692 01 0,357E 00 0.260E 00
1999 0,103k 02 0,000E 0O 0.713€ 01 0,.388F 00 0,272 00
2000 0.105E 02 0,.000E 00 0.735E 01 0.471E 00 0,283 00
2001 0,107E 02 0.00CE DO 0,757E 01 D.454E 0O 0,294E 00
2002 0.109E 02 0.000E 00 0.779E 01 0.489E 00 0,306E 00
2003 0,112E 02 G,000F 0O 0.803E 01 0.525E 00 0,317 00
2004 0,114 02 0.000E 00 0.827 01 0.563E 00 0,328 00
2005 N.116E 02 0.000E 00 0,851E 01 0,602E 00 0.340E 00
2006 0.118E 02 0.000E DO = 0,877E 0% 0,642F 00 0.351E 00
2007 0.,121€ 02 0,000E 00 0,903 01 0,683E 00 0.362E 00
2008 0.,123E 02 0.000E 0OU n.930e 01 0,726F 00 0,374k 0O
2009 0,125E 02 0.000E NO 0.957 01 6.770E 00 0.385 00
2010 0,128€E 02 0.000E 00 0,.986E 01 0.815€ 00 0,396E 00
2011 0,130 02 0.000E 00 0.101E. 02 0.,862E 00 0,408E 0D
2012 0,133k 02 0,000E 00 0.105E 02 0,910E 00 0,419E 00
2013 0.135E 02 0,000E NO 0.108E 02 0,959 00 0,430 00
2014 0,13RE 02 0.000E 0O 0.111E 02 0,1N01E 01 0.442E 00
2015 0,140€ 02 0.000E 00 0.114E 02 0.106E 01 0.453E 00
2016 0,143 02 0.000E 00 0.117€ 02 0.111E 01 0.464E 00
2017 0,145E 02 0.000E 00 0.121E 02 0,117 01 0,476E 00
2018 0,148E 02 0.000E noO 0.,124E 02 n,122F 01 0.487E 00
2019 0.151k 02 0.000E 00 0.128E 02 0.128€E 01 0,498E 00
2020 n,i54& 0? 0.0nCE 0O N.132E 02 0,134 01 0.509E 00
2021 0.157& 02 0.000E NO 0,136E 02 0.1408 01 0,521 0O
2022 0.159E 02 0.000F 00 0.140E 02 0.146E D1 0,537?E 00
2023 0,162E 02 0.000E 0O 0.144E 02 0.152F 01 0,543E 00
2024 0.165E 02 0.000F 00 0.148€ 02 0,159 01 0.555E 00

2025 0.168E 02 0,000E 0O 0.152E 02 0,165E 01 0,%566E 00
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WLICP Woice WGICP WOSI1CP WLMICP
1975 0.545€ 01 0.431E 00 0.111E 00 0.,000E OO 0.000E 0O
1976 0,574k 01 0.444E 00 0,112 00 u,000€E 00 0,675E~01
1977 0.605E 01 0.457E 00O 0,113 00 0,000t €O 0,135 00
1974 0.,636E 01 0.471FE 00 0.114E 00 0n,000E 0O 0,202 00
1979 0.670E 01 0.485E 00 0.116€ 00 0.0n0E 0O 0,270E 00
1980 0.704E 01 . 0.500E 00 0.117E 00 0.000E 00 0,337 00
1981 0.,741E 01 0.515FE 00 0,118E 00 0,000E 00 0.405E 00
1982 0.779€ 01 0.530E 0D 0,119 00 0,000E 0O 0.472€ 00
1983 0.819E 01 0.546E 00 0,120 00 u,000E 00 n.540e 00
1984 0,860E 01 0.563E n0 0,122E 00 0,000E 0O 0,607E 0D
1985 0.904E 01 0.579E 00 6,123E 00 0.000E 00 0.675E 00
1986 0.950E 01 0.597E 00 0.124E 00 n.000E 00 0,742t 00
1987 0.998E 01 0.615E 00 0,125 00 0.000E 00 0.810E 0O
1988 0.,105E 02 0.633E no 0.127& 00 0.000E 00 0,877 00
1989 0.110E 02 6,652E 00 0,128 00 0,000E QO 0,945E 00
1990 0,116k 02 0.672E 00 0.129E 00 0.C00E 00 0,101E 01
1991 0.121E 02 0.692E 00 0.130E 00 0,000E 00 0.108E 01
1992 0.127E 02 0,713E 00 0.132E 0O 0.,000E 00 0.115€ 01
1993 0,134E 02 0.734F 00 0,133€E 00 0,000E 00 0,121E 01
1994 0.140€ 02 0.756E 00 0,134 00 0,000E 0O 0.128E 01
1995 0.,147E 02 0.779E 00 0.136E 00 0,000E 0O 0.135E 01
1996 0,154E 02 0,802E 00 0.137E 00 0,000E 0O 0.142E 01
1997 0.162E 02 0.826E no 0.138E 00 0.000F 00 0,148 01
1998 0,170 02 0,851F 00 0.140€E 00 n.000E 00 0.155€ 01
1999 0,178E 02 0,876E 00 0.141E 00 n,000E 00 0.1672E 01
enoo 0,187E 07 0.903E 0U 0.143E 00 0,0N0E 00 0.169E 01
2001 0,196E 02 0.930E 00 0.144E 00 0,000 00 0.175E 01
2002 0,206E 02 0.958E 00 0.146E 00 0.U00F 0O 0.182E 01
2003 D.216E 02 0,986E 00 0.147€ 00 0.,000E 00 0,189E 01
2004 0.226E 02 0,102 01 0,148E 00 0n,000E 00 0,196k 01
2005 0,237E 02 0,10n5E 01 0.150E 00 0.000E 00 0,20?E 01
2006 0,248E 02 0,1n8E ni 0.1%1E 00 0.000E 00 0,209E 01
2007 0.260E 02 0.111E 01l 0,153 00 0.000E 00 0,216 01
2008 0.273€ 02 0,114E 01 0.154E° 00 0.000F 0O 0.223€ 01
2009 0,286 02 0.118E 01 0,156t 00 0,000E 0O 0,229t 01
2010 0,300E 02 0,121 01 0.157E 00 0,000E 00 0,236 01
2011 0,314 02 0,125 01 0.159E 00 0.000FE 00 0.243c 01
2012 0,330E 02 0,129€ 01 0.160€ 00 0,000E 0D 0,250 01
2013 0.345E 02 0.133E n1 0.162€ 00 0.000E 00 0.256E 01
2014 0,362 02 0,136E 01 0.164E 00 0,000 00 0,263t 01
2015 0.379E 02 0.141E 01 0.165E 00 u.000E 00 0,270 01
2016 0.397E 02 0.145E 01 0,167 00 0.000E 00 0,277 01
2017 0.416E 02 0,149E D1 0,168€E 00 0.000F 00 0,283k D1
2018 6.,436E 02 0,154E 01 0,.170E 0D 0,000E 00 0.290E 01
2019 0,457E 02 0,158E 01 0.171E 00 0.000E GO 0.297E 01
2020 0.478E 02 0,163E 01 0.173E 00 0,000E 00 0,304E 01
2021 n.,501E 02 0,168FE 01 0.175€ 00 n,000E 00 0.310E 01
2022 0.525& 02 0.173E 01 0,176E 00 U.000E 00 0.317€ 01
2023 0.550E 02 0,178E n1 0.178E 00O 0.000E 00 0.,324E 01
2024 0,576 02 0.183F 01 0.,180& 00 0,000F 0O 0,331 01

2025 n,603E 02 0.189E 01 0.181c 0O 0,000FE 0O n.337E 01



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

WIP
n.,961E
0,10nkE
0.108E
0,110k
0,115E
0,120E
0.126E
0,131E
0,137E
0,143E
0.149E
0.156E
0.167E
0.169E
0.177E
0,184E
0.195E
0.203E
0.212E
0.221E
0,230E
0,240E
0,250k
n,260€
0,271E
0,283k
0.300E
0,313E
0,326E
0.340E
0,354¢€
0,369E
0.385E
0,401E
0.418E
0.,436E
0,466E
0,486k
0,507k
0,528k
1.551k
0.575E
n,599E
0.625E
0.652E
0.680E
0.734E
0,766E
0,B00E
0,835E
0.872E

WDP
0.985E
0.101E
0.104F
0.,107E
0.110E
0.113E
0.119E
0.122E
0,175€
0.129E
0,132€E
0,135k
0,139
0.143E
0,147E
0,150E
0,159E
0.164E
0,168E
0.172E
0.177E
0.181E
0.186E
0.191E
0.196F
0,201k
0.213E
0,219€
0,224k
0.230F
0.236E
0.242E
0.249E
0.255E
0.262E
0.268F
0.285F
0.292E
0,300E
0.307E
0,315E
0.323E
0.,332E
0,340F
D.349E
0.358E
0.380E
0.389E
0,399E
0.410E
0.420E

1369

WAP
0.159E
0.163E
0.168E
0,172€
0.176E
0.181E
0,185k
0.190E
0.194E
0,199E
0,204€
0,209E
0,214E
0,219E
0.,225E
0,230k
0.7236E
0.241E
n.247E

.0.,253E

0.259E
0.265E
0.271E
0.278E
0.284E
0.291E
N.297E
0.304E
0.311E
0.319E
0,326E
0.333E
0.341E
0,349E
0.357E
0.365E
0.373€
0.382E
0.390E
0.399E
0.408E
0,417E
0.427E
0.,436E
D.446E
0.456E
0.466E
0.477€
0.487E
0.498E
0.509E

WICP
0.600E
0.637E
0.675k
0.715E
0.,757E
0,800E
0,844E
0,891F
0,939E
0.989F
0.104F
0,110E
0.115€

- 0.121E

0.127E
0,134E
0.140E
0,147E
0.154E
0,162E
0.170F
0.178E
0.186E
0.195E
U.205E
0.214E
0.224E
t,235E
0.246E
0.257E
0.269E
0.282E
0,295k
0,308E
0.322E
0,337
0,353F
0.,39E
0.386E
0,403E
0,472F
0.441E
0.461F
0,482E
N.504E
0.,527E
0.551E
0,576E
0,602E
0.,629E
0.657E



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
-2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2nz4
202%

SWI
0,418E
0,424E
0,428E
0.431E
0,433E
0,433E
0,440k
0,437E
D.432E
0,425E
0,416k
0.404E
0.,389E

0.370E
0.349E
0,323k
0,324E
0,291E
0,254E
0,211k
0.163E
0,108E
0.,460E

-0,233E

-0,101E
-0,187E
~0,227E
-0.324E
-0.437E
-0,562E
-0,701E
-0,853E
-0,107E
-0,120E
-0.141E
-0,163E
-0.175E
~0.,200E
~0,228E
-0,258E
-0.292E
-0,328E
-0,367E
-0.410E
~0.457E
-ﬂ-507E
-0,538E
-0.596E
-0,659%c
-0.,727E
-0.801E

01
01
01
01
01
01
01
01
01
01
01
01
01

01
01
01
01
01
01
01
01
01
00
00
01
01
01
01
61
01
01
01
0?
02
n2
02
0?2
02
0?2
02
02
02
0?2
02
02
02
0?
02
02
02
072

SHD
-0.677E
-0,742E
-0,812E
-0.887E
-0,966F
-0,105E
-0.852€
-0.938E
-0,103E
-0.113k
-0.123E
-0.,134E
-0,146E

~0,158E
-0,171F
-0.185E
~0,149E
-0,163E
-0.177E
-0.193E
-0.209E
~-0,226%
-0,243E
-06.,262E
-0.,282E
-D.302E
-0,256kF
-0.277F
-0.,299%
-0,321E
-0,346E
-0,371E
-0,398E
-0.475E
-0.455E
-0,486E
-0,425E
-0,456C
-0,488E
-0.523E
-0.558E
-0,596E
-0,635€
-0,677E
-0.720¢k
-0.765E
-0,685E
-0,731E
-0,779E
~0.879E
-0.882€

1370

00
0o
0o
0¢
1o
ni
a0
no
01
01
01
ni
ni

01
01
ni
01
01
01
01
01
01
ni
ni
01
01
01
01
ni
01
01
01
01
01
ni
01
01
01
01
ni
01
01
n1
nt
n1
ni
01
01
ni
01
a1

SHA
0.360E
0,384E
0,406E
N,426E
0.444E
0.459€
0.472E
0.483E
0.491E
0,497E
0.500E
0.501E
0.500€

0.496E
0.490E
0.,4B1E

0.469E |

0.,455E
0.437E
n,417&
0,393k
0,.367E
£.338E
0.305E
0.268E
0,229¢
0,185k
0,138E
0,866E
0.306E
-0,294E
-0,944E
-n,165E
-0,239E
-0,319E
-0,404E
-0 ,496E
-0,592E
-0,696E
-0,806k
~0.922E
-0,105E
-0,118E
-0.132¢
-0,147€
-0.163E
-0,179E
-0,197E
-0.,215¢
-0,23%
-0,256E

02
02
03
03
03
03
03
03
03
03
03
03

SWIC
0.164E
0,171E
0.176E
D.180E
0.184E
0.186F
0,188F
0,187E
0,186E
0.182F
0.177E
0,170E
0,161E

0,150E

0.136E

n,119E

.985E

0.751&

0.481F

0.170E
-0,185E
-0,586E
-N,104E
-0,155F
-0.212E
-0,276F
-0,.346E
-0,425E
-0,512F
-0.608E
-n,715E
-0.832E
-0,9A0E
-0.110E
-0,126E
-0,143F
~0,161E
~-0.1P2F
-0,204F
~0.228E
-0,255E
-0,283E
-n.315E
-0 .349F
-0,386E
-0,426E
-0 ,470f:
-0.518E
-0,569E
-1 ,625E
-1, 686F

02



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2n08
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

THWS
0,000E
0.216E-
n,647E-
0.129&~-
n,216&-
0,324E-
0.453E-
0,604E-
0,777~
0,971k~
0.,119E
0.142E
0.168E
N,196E
0.226E
0,259E

0.293E
0,330E
0.369E
0,410k
0.453E
0.498E
0.546E
0.595E
D,647E
0.701E
0.757E
0.815E
0.876E
0,938k
0,100E
0.107E
0.114E
0,121E
0.128E
6.,136E
0,144E
0.152E
0.160E
0.16RE
0.,177E
0,186E
0.195E
0,204E
0.214E
0,223E
0,233k
0,243E
n.254k
0.264k
0,275k -

06
0?
o2
01
01
01
01
01
01
01
oo
00
00
00
00
00

o0
on
o0
00
00
00
00
0o
oo
g
oo
00
00
oo
01
01
01
01
01
01
01
01
0t
01
01
01
01
01
01
01
01
01
01
01
01
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ENH
0,155E
0.166E
0.178E
0,190E
0.203F
0.218E
0.233E
0,249E
0.267E
0.285E
0.305E
0.326E
0,349E
0,374E
0.400EC
0.428E

0.458F
0.490E
0.524E
0.561E
0,600F
0,642E
0,687E
0.735E
0,787E
0,842E
0.901E
0,964E
0.103E
0.110E
0.118E
0,126E
0.135€
0,145E
0,155k
0.166E
0.177E
0.190E
0,203E
0.217E
0.232E
0.248E
0.,266F
0.284E
0.304E
6.326E
0,348E
0,373E
0,399E
0,427€
0.457E

EH
0.356Ek
0.381E
0.408E
0.437E
0.467k
D,500E
0,535k
0.572E
n,612E
0.655E
0.701€
0.750E
0,803k
0.859E
0,919E
0,983k

0,105E .

0.113E
0.120E
0,129¢
0.138E°
0.148E
0.158E
D.169E
0.181E
0.193E
0.207E
0.221F
0.237E
0.253E
0.271E
0,290E
0.,310E
0,332E
0.,355E
0.380E
0,407E
0.435E
0.466E
0,498E
0,533E
0.571E
0.611E
0.653E
0.699E
0.748E
0,800E
0.856E
0.916E
0.980€
0.105E

SE
~-0,2F3E
0.,152E
0,3%0E
n.568F
0,808E
0.107E
0.136E
0,167F
0.202E
0.239E
0,280E
0.325E
0.373FE
0,426E
0.483F
0.54%E

0.612F
0,685F
0.764E
0,850F
0,942F
0,104E
0.115€
0.127F
0,139E
0.153F
0,168E
n.184E
0,201E
0.219F
0,239E
0,260E
0.283F
n.308E
0.,335E
0.364E
0,395€
0,428F
0,464F
0,502E
0.543E
0.588F
D,636F
0.,6B7F
0.742F
0.801F
0.865F
0,933F
0.101E
0,109F
0,117E



1975
1976
1977
1978
1979
1980
1981
1987
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

FACT
n.158E
0,162E
0.166E
0.170E
0.174E
0.179E
0,183€
0.188E
0.193E
1,198E
0.203E
0,208E
0.213E
0.218E
0.,224E
0,230E
0.236€E
0.247E
0,248E
0.254E
0.261E
0.267€
0,274E
0.281E
0.289E
0.296E
0.304E
n.342€
0.320E
0.328E
0,337E
p.345E
0,354E
0,364E
0.373E
n,383E
0,393k
0.403E
0.414E
0.425E
0,434E
D,448E
0.460E
0.472E
0.485E
0,498E
0.512E
0.525€
0.540E
0.554E
0.570E .
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PIND1
0.436E-02
0,446E-02
0.455E-02
0.465E-02
0,476E-02
0.486E-02
0,497E-02
0.509E-02
0.521E-02
0,533E-n2
0,546E-02
0.559E-02
0,572E-02
0.,586E-02
0.600E-02
0.615E~02
0.,630E-02
0.646E-02
0,662E-02
0,679E-02
0.696E-02
0.714E-02
0.732E-02
0.751E~D2
0.770E-02
0,790E-02
0.811E-02
0.832F-02
0,854E-02
0.877e-02
0.900E-02
0,924E-02
0,949E-02
0,974E-02
0.100E-N1
0.103E-01
0,106E=-01
0,108€E~-01
0,111E~-01
0,115€E-01
0,118E-01
0.121E-01
0.124E-01
0.1728E-01
0.131E-01
0.,135E-01
0.139E-01
0.143E-01
0,147E-01
0.151E-01
0.156E-01

PIND2

0,184E-02
0.189E-02
0.194E-02
0.199E-02
0,?04E-02
p.209E~02
0.214E-02
0,220E-07
f.2256-07
0,231E-07
0.237E~02
0,243E-02
0,249E-02
0.255E-02
0,267E-02
D,26BE-07
0.275E-02
0.282E-07
0,289E-02
D.297E-07
0.304E-02
0.312E-02
0.320E-02
0.328E-02
0.337E~02
0,346E-07
n,354E-02
0,364E-02
0,373E-02
0.383E-02
0.393E-02
0.403E-02
0.414E-02
0.425E-02
0,436E-02
0,448E-02
0.460E-02
0,472E-02
0.484E-02
0,497E-02
0,511E~02
0.525E-07
0.539E~02
0,554E=02
n,569E-07
0.585E-02
0.601E-02
0.617E-02
0.635E-02
0, 653E-02
0.671E-02
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NOMINAL

‘United States



1975

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
19389
199¢0
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

2020
2021
2022
2023
2024
2025

GRP
0.103E

0.106E
0.110E
0.114E
0.118E
n.127E
n.126E
0.130E
0.135&
0.139E
0,144E
0,149E
0.154E
0.159E
0.165E
0.170E
0.176E
0.182€
0.18RE
0.195E
0.201E
0,208€E
0.215E
0,223E
0.230E
0.23RE
0.246E
0.255E
0.263E
0.272€
0.282€
0.293E
0.301E
0.312E
0.322E
0.333E
0.345E
0.357E
0.369E
0.381E
0.394E
0.408E
0,422€
0.436E
n,451E

0.467E
0.,483E
0,499E
0.516t
0.534E
0,557k

Wl
0.650E

0.672E
0.695E
0.719E
0.743E
0.,769E
0.795E
0.822E
0.850E
0.880E
0.910E
D.941F
0.973F
0,101F
0.104E
0.108E
0.111E
0.115E
0.119E
0.123E
0,127t
0,132E
0,136E
0.141F
0.146E
0.151E
0.156E
0.161E
0.167E
0.172E
0.178E
0.184E
0.191F
0.197€
0,204E
0.211E
0,218k
0.225E
0.,233E
0.241E
0,249k
0.2%8E
0.267E
0.276F
0.285E

0.295E
0.305E
0.315E
0.326F
8.337E
0.349%9E
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WL
0.525E

0,543k
0.567E
0.%81E
0,601k
N.h21E
n.642€
0.664E
0,687E
0,711E
0.735E
n.760E
Nn.786E
0.813E
0.841E
0.,B869E
0.899E
n,930E
0.962E
0.995E
n,103E
0,10sE
0.110E
0.114E
0,118E
0.122E
0,126E
0.130E
0.135¢&
0.139E
0,144k
0,149E
0.154E
0.159E
0.165E
0.170E
0.176E
0,182E
0.188E
0.195E
0,701k
0.208E
0,”15E
0.223E
0,230E

n.238E
n,246¢€
0.255E
0,264E
0,273E
0.287E

WIiG
0.124E

n.1?78E
U,133E
0.137F
0.142E
0.147€
0.152€E
0.157F
0.162F
0.168F
0.,174E
0.180F
N.1R6E
0.192F
0.199E
0.206F
v,213€
0,220F
0,227E
0.235E
D.243E

0.251F

0.260E

‘0.269E

0.278E
0,2R8E
0,.,297E
0,306F
0.318E
D.329k
0.340E
4,352k
0.364F
0.376E
0.389E
0,403E
H.416F
0.421E
0,445EF
0,460E
0.476F
0.,492F
N.509E
0,577E
0.545E

0,563E
0,5P3F
0.603E
0.673E
0.644F
0,666F

WIO
0.171E-01

n.,177€-01
0,183E-01
0.189E-01
0.196E-01
N, 202E-01
0.209E=-01
n,216E-01
0.,224E-01
0,?31E-01
0.239E-01
0,247E-01
0.256E-01
0.265E-01
0,274E-01
0.283E-01
0,2936-01
0,303E-01
0.313E-01
0.324E-01
n.3356-01
0.346E-01
0.358E-01
p.370E-01
0.383E-01
0,396E-01
0,410E-01
0,424E-01
0.438E-01
0,453E-01
0,469E-01
§,485E-01
0.501E-01
0,51BE=01
0.536E~01
0.554E-01
0,573t-01
0,593E-01
0,613E-01
0,634E-01
0.656E-01
0.678E-01
0.701E-01
0,725E-01
0,750E-01

0.776E-01
0.802E-01
n,830E-01
0.8%58E-01
n,887E-01
0.918E-01



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
200%
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2027
2023

2024
2025

WINW
0.578E
0.598E
0.619€
N.640E
D,667E
0.6B4E
0.708E
0.732E
0.757€
0.783E
0.810E
0.837E
0.B66E
0.895E
0.926E
0,958k
0.990E
0.,102€
0.106E
0.110E
0.113E
0.117E
0.121€
0.125E
0,130E
0,134E
0.139E
0.143E
0.148E
0.153E
0.159E
0.164E
0.170€
0.175E
n.181E
0.188E
0.194E
0.201E
0.207E
0.215E
0.227E
D.229E
0.,237E
0.245E
0.254E
0.263E
0,271E
0.281E
0,290E

0.300€E
0,311E

WIR
0.405E
0.419E
0.433E
0.448E
0.463E
0.479E
0.495E
0.512E
0.530E
0.548E
0.567¢
0.,586E
0.606E
0.627E
0D.648E
0,670F
0.693E
0,717E
0.742E
0.767€
0.793E
0.870E
0.848E
0,877E
0,907E
0.938E
0.970F
0.100E
0,104E
0,107F
0.111E
0.115E
0.119E
0.123E
0.127E
0.131E€
0.136F
0,.140E
0.145€
0.150F
0,155E
0,161E
0.166E
0,172E
0.178E
0,184E
0.190E
0.,197E
0.2n3€E

0.210E
0.217€
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WIRL

0.344E
0.356E
0.368E
0.381E
0.394E
0.407E
0.421E
0,435E
0.450E
0.466E
0.482E
0.498E
0.515€E
0.533E
0.551F
0.570E
0,589€
0.609E
0.630E
0.652E
0.674E
0.697E
0.721E
0,746E
0.771E
0.797E
0.R25E
0.B53E
0.882E
0,912E
0.943E
0.976E
0.101E
0.104E
0.108E
0.112€
0.115€
0.119E
D.123E
D.128E
0.132E
0.137E
0.141E
0.146E
D.151E
0.156€
0.162E
0.167E
0.173E

0.179E
0.,185E

Q2
02
07
02
02
02
02
0?
0?2
02
02
02
02
02
02
02
02
02
02
o?
02
02
02
02
02
02
02
02
0?2
02
02
02
03
03
03
03
03
03
03
03
03
03
03
03
03
03
a3
03
03

03
03

WIRO

0,405E
0.419E
0,433E
0,448E
0.463€
0.,479F
0,495E
0.512E
0,530F
0.548E
0,567€
0.586E
0.606E
0,627E
0.648E
D,670F
0.693€
0.717E
0.742F
D.767E
0.793F
0,820E
0,84BE
n,877E

-0,907E

0.,938E
0,970k
0,100E

.0.104E

D.107F
0,111E
0,115F
0.119€
0.173E
0.127E
0.131F
0.136F
0,140F
D.145F
0.150E
0,155E
0.161F
0,166F
0,172E
0.178E
0.184E
0,190F
0,197E
0,203E

0,210F
0,217E

WIRG
n.202k
0.209E
0.217k
0.224E
0.232E
0.239E
0.248E
0.256k
0.265E
0n,274E
0.283E

-0.293k

0.303E
0,313E
0.324E
0,335E
0.347E
0.359E
0.371E
0,383E
0,397E
0.410E
0.424¢
0.439E
0,454t
0.469E
0,485k
0,502E
0.519E
0,537k
0,555k
0,574k
0.594E
0,614E

‘0.635E

0.657E
0.679E
0.702E
0,.726E
0.751E
0,777E
0,803k
0,831t
0.859€
0.888BE
0.919¢
0,950E
0,983c
0,102€

0.105E
0.109E



1975
1976
1977
1978
1979
1980
1981

1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2no1
200?
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2n20
2021
2022
2023
2024

2025

POP
0.224E
0.227E
0.229E
0.232E
0.234E
0.237E
0,239E

0.242E
0.245E
0.247E
0.250E
0,253E
0.256E
0.259€E
0.261E
n.264E
0.267E
0,270E
0,273E
0.276E
0.279E
0.282E
0.285E
0.288€
0.291E
0.295E
0.298E
0,301E
0,304E
0.308E
0.311E
0,315€
0.31RE
0,322E
0.325E
0.329E
0.337€
0,336E
0.340E
0.343E
0.347E
0, 351€
0.355E
0.359E
0.363E
0.367E
0.371E
0.375E
0.,379E
0,383E

0,387E

WD
0.386E
0.390E
0.,394F
0,399E
0,403k
0,407k
0.412€

0,416F
0,421E
0,426F
0,430E
0,435EF
0,440F
0.445F
0.449E
0,454E
0.,4%9E
D.464E
0,470E
0,475€E
0.480E
0.485E
0.490E
0.,496E
0.5n1E
0.507F
0.512E
0.518E
0.524E
0.529E
0.535E
0.541E
0,547F
0,553E
0.559E
0.565E
0.571E
0.578F
0.584E
0,591E
0.597¢t
0.604E
0,610E
0,617E
0,624F
0,630E
0.637¢
0,644E
0.651E
0.659E

0.666E
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nz

02
62
neg
0z
02

nz2
ne
02
02
0z
02
02
02
02
e
nz
nz2
nz2
nz2
02
nz
02
02
02
ne
ne
e
n2
02
nz2
02
nz
nz
nz2
nz2
n2
02
ne
02
ne
2
ne
nez
02
ne
02
n2
02

62

WDG
0,000E
0.000E
0.n00E
0,000E
n,000&
0.000E
0.000¢k

0.000E
0,000E
0,000E
0.000E
0.000E
n.no0E
0.000E
0.000E
0.000E
0.000E
n.0N00E
0,000E
0.000E
0,000E
0,000E
0.N00E
0,000E
0.000E
0.000E
0,000E
0,000E
0.000E
0.000E
0,000E
0.000E

0.000E"

n,.D0NE
0.000E
0.000E
0.000E
0.000E
0,000E
n,D00E
0,D00E
0.000E
0.000E
n,000E

0.,000E

0,000E
0.000E
0.000E
0.,000E
0,000E

n.000E

WBL
0.000E
0.000F
0.,000F
0,000E
0.0D0E
0,00n0F
0.000F

0.000E
0,000E
.0n0E
0,000E
0.000F
0,000€
0.000E
0,000k
0.000E
0.000E
0,000F
n,000F
0,000E
0.000E
0.000F

.0.,000E

0.000E
0.000E
0.0n0E

0,0N0E

0.00QF
0.000E
0.000€E
0, 000E
0.000E
0,000E
0,0NDE
0.000E
0,000E
0,000E
0.,000F
0.000E
p.000E
nD.000E
n,000€E
0.000F
Nn,000F
0,Uu00F
0,000E
0,.000E
0,000F
0.000E
0.0060E

0,000E

WDO
0,304E~02
0,307E-02
0,310E-02
0.314E-02
0,317E-02
0,321E-02
0,324E~-02

0,328E-02
0.331E-02
0,3356-02
0,339 ~-02
0.342E-02
0,346E-02
0.350E-02
0,354E-02
0.358E-02
0.362E~02
0.366E-02
6.370E-02
n,374E-02
0.378E-02
0,382E-02
0,386E~02
0,390E-02
0,39%5E-02
0,399E-07
0.403E-02
0.408E-02
0,412E-02
0.417E-02
0.421E-02
0,426E-02
n,431E-02
0.435E-07
0.440E-02
0.445E-02
n.450E-02
0,4556-02
0.,460E-02
0.465E-02
0.470E-02
0,475E-02
0,4R0E-02
0.485E-02
0,491E-07
0.496E~02
0,507E-02
n,507E-02
0.513E-02
0,518E-02

0.524E-02



1975
1976
1977
1978
1979
19840
1981
1982
1983
1984

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

2004

2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2n1i6
2017
2018
2019
2020
2021
2022
2023
2024
2025

WDW
0.293E
0.296E
0.300k
0,303E
0.306E
0.310E
0,313E
0.316E
0,320E
0.323E

0.327E
0.331E
0,334t
0,33RE
0,342E
0.345E
0,.349E
0.353E
0,357E
0,361t
0.365E
0,369E
0,373E
0,377E
0.3B1E
0,385k
0,389E
0,394E
0.39RE
0,402E
0,407E
0,411E
0.416E
0.,420E
0.425E
0.430E
0,434E
n,439E
D,444E
0,449E
0.4%4k
0.459E
N,464E
0.469E
0,474E
0,479
0,484E
n,490E
0.495E
0,501E
0,506E

WDR
0.117E
0.119E
0.120E
0.121E
0.123E
0.124E
0,1275E
0.127E
0,128k
0.129E

0.131E
0.132E
0.134F
0,135E
0,137k
0.138E
0.,140E
0.141E
0.143F
0.144E
0,146E
0.147E
0.149E
0.151E
0.152E
0.,154E
0,156E
0.157E
0.159E
0.161E
0.163E
0,165E
0.166E
D.168E
0,170E
0,172¢
0.174E
0.176E
0.178E
0.180E
0,181E
0.183E
0.185F
0,188E
0.190k
0.192E
0,194E
0.196E
0.198E
0.200E
0.202F
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02
02
02
ne
na
02
n2
02
02
02

ne

02
02
nz
nz
ne
02
02
02
02
nz2
02
02
ne
02
02
ne
n2
02
62-
nz
02
ne
02
02
0z
nz2
ne
nez
0e
nz
na
02
ne
02
02
ne
ne
nz
ne

WDRG
0.586E
0.593E
0.599k
0.606k
0.613E
0.619E
0,626k
0,633
0.640E
0.647E

0.654E
0.661E
0.668E
0.676E
0.683E
0.691E
0.69BE
0.706E
0.714E
0.722E
0.729€
0.737E
0.746E
0.754€
0.762E
0.770E
0.779E
0.737E
0.796E
0.B0SE
0.814E
0.823E
0.832E
0.841E
0.850E
0.859€
0.869E
0.878E
0.888E
0.898E
0.907E
0,917E
0.927E
0.938E
0.948E
0.958E
0.969€
0,980E
0.990E
0.100€
0.101E

WDRL
0,938F
1.949E
0.959E
0,969E
0.,980F
0.991F
0.100F
nN.101E
0.102E
0.104E

0,105F
0.106E
0.107E
0,1N8E
0,109E
0.111E
0.112E
0.113E
D,114E
0,115€
0.117E
n,118€
0,119E

0.121E

0.172E
0.,123E
0.125€

‘0.126E

0.127E
0.179E
0.130E
0.132F
0.133F
D.,135E
0.136F
0.137F
0,139F
0,141F
0.142E
0,144F
0.145F
0.147E
0.148F
0.150E
0.152E
0,153E
0,155F
0,157F
0,158F
0,160F
0,162F

WUROD

0.176E
0,178E
0.180E
n.182E
0.184E
0.186E
0.188E
0,190k
0,192E
0,194E

0.196&
0,198E
0.201k
0,203E
0.205€
0,207t
0,209¢
0,212t
0,214E
0,216k
0.219k
0,221E
0,224t
0,226E
0.229¢
D.231t
0,234E
n,236E
0.23%9
0,241€
0,244E
0.247E
0.249E
0.252E
0.255E
0.258E
0.261E
0,263k
0,266E
0.269E
0.272E
0,275k
0.278E
0,281E
0.2A84E
0.287E
0.291E
0.294¢€
0,297&
0,300k
0,304k

01
01
01
01
01
D1
01
01
01
01



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2ni4
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

AL
0.936E
0.950E
0.964E
0.979¢€
0.993E
0.101E
0.102E
n.104E
0D.105E
n,107E
0.109E
0,110E
0.112E

0.114E
0.115E
0.117E
0.119€
0.121E
0,127E
0,124E
0.126E
0.128E
0.130E
0.137E
0,134E
0.136E
0.138E
0.140E
0,142E
0,144E
0.146E
0.148E
0.151E
0.153€
0.,155E
0,158k
0.160E
0,162E
0.165E
0.167E
0.170E
D.172E
0.175E
0.177E
D.180E
0.183E
0.186E
0.188E
0.191E
n,194E
0.197E

WA
0.179%E
0,182E
0.185E
0.188E
0.190E
0.193E
0.19¢6E
0.199E
0.202E
0.2n5E
6.208E
0,211E
0,214E

0.218E
0.221E
0,224E
0,228E
0.231E
0.234E
0,238E
0.242E
0,245E
0.249E
0,253E
0,256E
0.260E
0.264E
0.268E
0.272E
0,276E
0.28CE
0.284F
0,2B9E
0.293E
0.297E
0,302E
0,.306F
0.311E
0.31€E
0,320E
0.325E
0.330F
0,335E
0.340E
0,.345€E
0.350E
0,356E
D.361E
0.366E
§.372€E
0.377E
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WAG
n,639
0,A48E
0,658E
0.668E
0,678E
0.688E
0,698k
0,709t
0.719%9E
0,730E
0.741E
0.752E
0,763k

0,775k
n,786E
0,798k
0,810E
0.822E
0.835E
0.B47E
0.860E
0,873k
N.886E
0.899E
0.,913E
0.926E
0.,940E
0.954E
D.968E
0,983€t
0.,998E
0.101E
0,103k
n,104E
0.,106E
0.107E
0.109%¢&
0.111E
0.112E

0.114EF

0.116E
0.118E
0.119E
n.121E
0,123k
0.,125E
0,127E
0.128E
0,130E
0.132E
0,134k

WAL
0.115F
0.117E
0,119F
y,121F
n.1722€
0,1724E
0.176E
0.178E
0.,130E
0.132E
0,134E
.136F
0.138E

0.140F
0.142E
0.144E
0.146E
D.149€
0.151E
0.153E
0.,155E
D.158F
N.160F
0.162E
0.165E
0.167F
0.170E
0,172E
0.175E
0.178F
0.1B0E
0.183E
0,186F
0.188E
0.191E
0.194F
0.,197F
0,200F
0.203F
0.206E
0,209E
0.212€
0.215E
0.219E
0.222E
0.275E
0.,229E
0.232€
0.236F
0.239F
0,243F

WAD
0.353E-01
0,359E-01
0.364E-01
0.,369E-01
0.375e-01
0,381E-01
0,3R6E-01
0.392E-01
0,398E-01
0.4N4E-01
0.410E-01
0.416E-01
0.422E-01

0,479E-01
0,435E-01
0,447E-01
N.448£-01
n.455E-01
0,462E-01
0.469E-01
0,476E-01
0.483E-01
0.490E-01
0,498E~-01
0,505E-01
0.513¢c-01
0.520E-01
0.528E-01
0,536E-01
0.544E-01
n,552E-01
0,560e-01
0.569E-01
0,5776-01
0.586E=-01
0.595&~-01
0,604E-01
0.613E-01
0,622E-01
0,631E-01
0.641E-01
0,650E-01
0.660E-01
n.67RE-01
0.680E-01
0.690E-01
0.7016-01
0.711£-01
0,722k-01
n,732E-01
n,743£-01



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
201?
2013
2014
2015
2016
2017
20148
2019
2020
2021
2022
2023
2024
2025

WAW
0,828E
0,840E
0.853E
0,866E
0.879E
0,892E
0,905E
0.919E
0.932E
0.946E
0,961k
0.975E
0,990E
0.100E
0,107E
0.103E

0.105E
0,107E
0.108E
0,110E
0.111E
0,113E
0.115E
0,117E
0.118E
0.120E
D.122E
D.124E
0,126E
0,127E
0.129E
0.131€
0.133E
0.135E
0,137k
0,139E
0.141E
0,144E
0.146E
0.148E
0.150E
0.152E
0.155E
0.157E
n.159&
0.162E
N.164E
0.167E
0.169E
0.172E
0,174E

WAR
0.662E
0,672E
0.682E
0.692E
0,703F
0.713E
0,724E
0.735E
0.746E
0.757E
0.768E
0.780E
0.792E
0.804E
0.816E
0,.828E

0,840E
0,853E
0.866E
0.879E
0.892E
0.905F
0.919E
0.932E
0.946E
0.961E
0,975€E
0.990F
0.100E
6.102E
0.103E
0.105E
6,107E
0.108F
0.,110E
0,111E
0.113E
0,.115E
0.117&
0,118E
0,120F
0.122E
0.124E
0.126E
0.127E
0.129E
0,131E
0.133¢
0,135€
0,137E
0,139E
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na
02
n2
ne
nz2
nz
02

n2
02
02

n2
ne
02
D2

62
02
02
nz
0z
ne
ne2
62
02
ne
02
02
n3
03
03
n3-

n3
n3
03
03
03
n3
n3
03
03
03
03
n3
03
03
03

03
03

WARG
0,265k
0.769E
0.273E
0.277E
0,281E
0., 285E
0,790€
0.794E
0.298E
0,303k
0,307€
0.317€
0.317€
0.321E
0.326t
0.331E

0.336E
0.341E
0.346E
0.351E
0.357€
0.362E
0.367E
0.373E
0.379E
0.384E
0.390E
0.396E
0.407E
0.408E
0,414E
0.420E
0.426E
0.433E
0.439E
0.,446E
0.453E
0.459€
0.466E
0.473E
0.480E
0.488E
0,495E
0.507E
0.510E
0.517¢
0.525€
0.533¢
0.541E
0.549E
0.557E

WARL

0,397E
0,403F
0,409E
0,415E
0,422F
0,428E
0,434F
0,441E
0,448F
0.,454E
0.461E
0,468BE
0.475E
0,482E
n,489E
0.497E

0.504E
0.512E
0.519E
0.,527F
0,535k
0.543E
0.551E

0.559%E

0.568E
0.576F
0.5R5E

0,594E

0.603E
0.612€
0.621E
0,630E
0.,640E
0,649E
0.,659E
0.669E
0.679F
0,689E
01,699F
0.,710E
0.720E
0.731F
0.,742F
D,753F
0.765F
0.776E
0,7688E
0,800E
u,811E
0.824E
0.836F

02
02
02
02
02
02
02
o2
n2
02
g2
02
02
02
02
02

02
02
02
02
nz
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
02
ne
nz
02
02
02
02
02
o2
62
02
02
02
02
02

WARO
n,000kE
0.000E
0.000E
0,000k
0.000k
0,000E
n.000E
0.000E
0.000&
0,000k
0.000E
0.000&
n.000k
0,000k
0.000E
0D.000E

n.0N0E
0.000E
0,000k
0.000E
0.000E
n,000E
0,000k
0,.000E
D.0NOE
0.00N0NE
0.000E
0.000E
0.000k
D,000E
0.000E
0,000E
0.000€
0.000E
0.000E
0.000E
0.000k
0.0n0E
0.000E
0.000E
0,000E
D.000E
0,000E
0,000k
0.000E
0.000E
0,000k
n.000E
0.000t
0D.000E
0.000E



1975
1976
1977
1978
1979
1980
1981
1982
1983
1944
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

WiC

0.226E
0.234E
D,242E
0,250k
0.259€
0.268E
0.277E
0.286E
0.296E
0.306E
0,317E
0.327E
0,339E
0.350E
0.367E
0,374E
D,387E
0.401E
0,414E
0.428E
0.443E
0.458E
0.474E
0.,490E
0,507E
D.524E
D.542E
0.561E
0.580E
0,599E
0,620E
0.641E
N.663E
n.686E
0.709E
0.733E
0.758E
0.784E
0.811E
0,839E

0.868E.

0.897E
0.928E
0.960E
0.993E
0,103E
0.106E
0.110E
0.114E
0.117€
0.121E

03
03
03
03
03

03
03
03
03
63
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
03
a3
03
03
03
03
03
03
03
03
03
03
03
u3
03
03
03
03
04
04
04
04
04
04

W
0.158E
0.164E
0.169E
0.175E
0.181E
0.187E
0.194E
0.200E
0.207E
0.214E
0,222E
D.229E
0.237E
0.245E
0.253E
0,262E
0.271E
0,280E
0.290F
0,300E
0.310E
0,321E
0,332E
0.343E
0.355F
0,367E
0.379E
0.392E
0.,406E
0.420FE
6,434E
0.449F
0.464E
0,480F
0.496E
0,513E
0.531E
0,549E
0,568E
0,587E
0,607E
0,628F
0.650E
0.672E
0.695E
0.718E
0,743F
0,768E
0.795E
0.822E
0.850E
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ICL
03
n3
03
03
03
03
03
03
03-
03
063
03

WICG

0,188E
0.194E
0,?01E
0,”?08E
0,215E
0.222E
0,230E
0.238E
0,246E
D,254E
0.263E
0,272k
0,281E
0.291E
0.301E
0,311E
0.321E
0.332E
0.344E

0.356E

0.368E
0.330E
0.393E
0,407E
0.421E
0.435&
D,450E
0.465E
0.481E
0.498E
0.515E
0.532E
0.550E
0.569E
0.589E
0.609E
0.630E
0.651E
0.673E

0.696E.

0,720E
0.745€
0.770€
0,797E
0.824€
0.8B52E
0.881E
0.911E
0.942F
0.975E
0.103E

W1Co
0.679E
0.702E
0.776F
n.751F
0.776E
0.803E
0.830E
0.858F
0.88BE
0.918E
0.950E
0.982E
0.102E
0.105E
0.109€
0.112E
0.116F
0.120E
0.124F
0.179E
0.133E
0.137E
0.142E
0,147E
0.152F
0.157E
0.,163E
0.163FE
D.174E
0.1R0E
0.1R6E
0.192EF
0.,199E
0.206F
0.213E
0.270F
0.228EF
0.235E
0.243F
0,252
0.260F
0.269E
0.278E
0.288E
0.298E
0.308E
0.318E
0.329E
0.341E
0.352E
0.364E
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WICW WIRC WICRL
1975 0.224E 03 0.226E 03 0.226& 03
1976 0.,234E 03 0.234E 03 0,234E 03
1977 0.242E 03 0,242k 03 0.242E 03
1978 0.250E 03 0.250E 03 0.250E 03
1979 0.259E 03 0.259F 03 0.259€ 03
1980 0.268E 03 0.268E n3 0.268E 03
1981 0,277€ 03 0,277E 03 0,277 03
1982 0.286E 03 0.286E 03 0,286E 03
1983 n,296E 03 0,296E 03 0.,296E 03
1984 0.306E 03 0,306E 03 0,306 03
19865 0.317E 03 0,317 03 0,317 03
1986 0.327E 03 0,327 03 0.327E 03
1987 0,339E 03 0.339E 03 0.339E 03
1988 0,350k 03 0,350F 03 0,350 03
1989 0.362E 03 8.362F 03 0,367 03
1990 0.374E 03 0,374E n3 n,374€ 03
1991 0,3B7E 03 0.387E 03 0.387E 03
1992 0.401E 03 0.401E 03 0.401E 03
1993 0,414E 03 0.414F n3 0.414E 03
1994 0.428E 03 0,428F 03 D.428E 03
1995 0.443E 03 0.443E 03 N.443E 03
1996 0.458E 03 0,458F 03 0,458 03
1997 0,474E 03 0.474E D3 n,474E 03
1998 0,490 03 0.490E 03 0.490E 03
1999 0,507 03 0,507E 03 0.507E 03
2000 0.524E 03 0,574E 03 0,524E 03
2001 0.542E 03 0.542E 03 0,542 03
2002 0,563 03 0,561E 03 0.561E 03
2003 0.580E 03 0.580E 03 0,580E 03
2004 0,599 03 0.599E 03 0.599E 03
2005 0,620 03 0.620E N3 0.620E 03
2006 0,641k 03 0.641E 03 . 0.641E 03
2007 0.663E 03 0,663E 03 0,663E 03
2008 0.6B6E 03 6,686E 03 0.686E 03
2009 n,709E 03 0,709 03 0.709E 03
2010 0,733E 03 0,733F 03 0,733 03
2011 0,758BE 03 0.758E 03 0,758 03
20172 0.784E 03 0.784F 03 N.784E 03
2013 0,811 03 0.811E 03 0.811€ 03
2014 n,B839E 03 0.839F 03 0,839€E 03
2015 0.868E 03 = 0.86BE 03 0.868E 03
2016 06,897E 03 0,897k 03 0.897E 03
2017 0,928k 03 8,928k 03 0.728E 03
2018 0,960E D3 0.960F 03 0,960 03
2019 0,993E 03 0,993E 03 n,993E 03
2020 0,103k 04 0.103F n4 0,103E 04
2021 0.106E 04 D.106E n4 0,106E 04
2022 0.i10e 04 0,110E 04 0,110E 04
2023 D.114E 04 0.114E n4 0.114€ 04
2n24 0.117E 04 0,117 04 0,117k 04

2025 0.121E 04 0.121E 04 0.121E 04



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1997
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002

2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2n14
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

TWG
0.198E
0,198E
0,198E
0.198E
0.198E
0,198E
0.198E
0.198E
0.198E
0.198E
0.,198E
0,198E
0.198E
0.198E
0.198E
0,198E
0,198k
0.198E
0.198E
0,193E
0,198E
0.198E
0.198E
0,198¢E
0,198E
0,198E
0.198E
0.198E

0.198E
0.198E
0.198E
D.198E
0.198E
0.198E
0.198E
n.198E
n.198€
0,198k
0.198E
0.198E
0.198E
0.198E
0,198E
0.,198E
0,198E
0,198E
0,1%RE
0,198E
n.198€
0,198E

0,198E

B 1382

WGL
0.400E
0.400F
0.400E
0,400E
0,400E
0.400E
0.400E
0,400E
0,400E
0.400E
0.,401E
0.401E
0.401E
0.401E
0.4n1E
0.401E
D.401F
0.401E
0,4n1E
0.401E
0.401E
D.401E
0,401E
0.401E
0.401E
0,401E
0.401E
0.401E

0.401E
0.401E
0.401E
0,401E
0,401E
0,4n1E
0.401E
0.401E
0,400E
0.4n0E
0,400E
0,400E
0.400E
0,400E
0,400F
0,4n0F
0,400GF
0.,400E
0.400E
0,399%E
0,399E
0,399E
0.399E

THLM
6,0u0E
0.500E
0.,100E
0,150E
0,200¢E
0.250E
0.300E
0.350E
0.400E
0,450k
0.500E
0.550€&
0,600E
0.650E
0.700E
0.750E
0.800E
0.850E
0.900E

0.950&

0,100E
0.105E
0.110E
0.115E
0.120E
0,125k
0,130€&
0.135k

0,140E
0,145E
0.150E
0.155E
0.,160E
0,165k
0,170E
0,175E
0.180E
0.185E
0,190E
0.195E
0.7200&
0,?205E
0.710E
0.215€
0,220t
D.225E
0,230c
0.235E
0.240E
0.245E
0,250E

WLO
0.232EF
0.232E
0,232EF
0.232E
0.232F
0,232E
n,233E
0,233E
0.,233E
0.233E
0,233E
0,233k
0,233F
0.233E
b.233E
0,232E
0,232E
0,232F
0.232E
0.232E
0.,232E
0.232F
0.232E
0.232F
0.232k
0.231E

0, 231F

0,231E

0.231E
0,231E
U.231F
0,231F
0,230E
0.230E
U.230F
0,230E
0,230E
0.229F
0,229k
0.279€
0.229F
0.228E
0,278k
0,228E
0.278E
0.227E
0.2°7¢
0.,227E
0,276E
0.226F
0.226E

WLG

0.480E
0.4R0E
0,481E
f.4R1E
0.48B1E
0,481t
0.481E
0.481E
0.481E
0.481E
0,481E

‘0.481E

0,481E
0.481E
0.4R1E
0.4R1E
0.481E
0,4R1E
0.480E
0,480k
0,480k
N.480E
0.480E
0.479E
0.479E
0,479k
0,479E
0,478¢E

0,478E
0,478k
D.477E
0.477E
0.477E
0.476E
D,476E
0.475E
0.475E
0.474E
0,474E
0,473E
0,473k
0.472E
0.472¢
0.471E
0,471k
0,470E
0,470E
0.469t
0.468E
0.468E
D,467t

03
03
03
03
03
03
03



1975
1976
1977
1978
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1980
1981
1982
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1995
1996
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2003
2004
2005

2006
2007
2008
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2010
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2016
2n17
2018
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2020
2021
2022
2023
2024
2025

TWL
0.400E
0.400E
0,4060E
0,401E
0,401E
0,401E
0.401E
0,401E
0.401E
0.401E

n,401E -

0.401E
0,401€E
0,401E
0,401E
0.401E
0.401E
0,401k
0.400E
0.400E
0,400E
0,400E
0.400E
0.400E
0,399k
0.399E
0.399€
0.399E
0,398t
0,398E
0.398E

0.397E
0.397¢
0,397€
0.396E
n,396E
0,396t
0.395E
0.395E
0,395E
0,394E
0.394E
0.393E
0.393E
0.397E
0,392E
0,391E
0,391t
0.39nE
0.39nE
0,349k
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TWIM
0.192E
0.192E
0.192E
0.192F
0.192E
0.192E
0.192E
0.192E
0.193E
0,193E
0.193€F
0.193E
0,192F
0,192E
0.192F
0.192E
0,192E
0.192€
0.192E
0,192E
0.192F

CC.192E

0,192E
0.192E
0,192E
0,192E
0.191E
0.,191E
0.191E
0,191F
0.191E

0.191E
0.191E
0,190E
0,190k
0.190F
0.190E
0.190E
0.190E
0.189E
0.189E
0.189E
0.1R9E
0.1R9E
0,188E
U.188E
0.188F
0,188E
0.187E
0.187E
0.187E



B 1384

WLIP WolP WGIP WOSIP WLMIP
1975 0.530E 02 0,000E nO 0,124E 02 0,304E-01 0,0N0E DO
1976 0.536E 02 0.00NCE no 0.124E 02 v.,315E=-01 0,645k 00
1977 0,541E 072 0.000E 00 0,124 02 U,3386-01 n,129 01
1978 0,547E 07 0.000E 0O 0.124E 02 n.371E~01 0.193E 01
1879 0.553E 02 D.000E 00 0,124 02 0.416FE-01 0.258E 01
1980 0.55RE 02 0.000E 00 0.124E 02 0.472E-01 0.,322E 01
1981 0.564E 02 0,000E DO 0.124E 02 0,539E-01 0,387E 01
1982 0,570 02 0.000E 00 0,124 02 0,618E-01 n,a451e 01
1983 n.575E 02 0.000E 0O 0.124E 02 0,707E~01 0,516 01
1984 0.581E 07 0,000E NO 0,124€ 02 0,808E~01 0,580 01
1985 0,587 02 0.000E 0O 0.124E 02 0.920E-01 0.645E 01
1986 0,593 02 0.000E DO 0,124 @2 0,104 00 0,709 01
1987 n,599& 02 0.000E 0O 06.124E 02 0,118F 00 0.774E 01
1988 0.605E 02 0.000E 0O 0,124E 02 D,132E 00 0,838t 01
1989 0,610E 07 0,000E 00 0.124Et 02 0.148F 00 0.903E 01
1990 0.616E 02 0.000E nO 0.124E 02 0,165E 00 0.967E 0t
1991 0,622 02 0.00CE 0O 0,124 02 0,183 00 0,103E 02
1992 0.628E 02 0,000E 00 n,124& 072 6.202E 00 0.110E 0?
1993 0,634E 02 0.000E 0O 0.124E 02 0,222 00 0.116k 02
1994 0.641E 02 0.,000E 00 0,124& 02 0,243E 00 0,123t D?
1995 0.,647E 02 0,000E 00 0.124E 02 n.266E 00 N.12% 02
1996 © 0,653E 07 0,000E 0D D.124E 02 0.269F 0D 0.135€ 02
1997 0,659t 02 0.000E 00O 0.124E 02 0.314F 00 0,147 02
1998 0,665E 02 0.000E 0O 0.124E 02 n,340E 00 0.148E 02
1999 0,672E 02 0,000E 00 0,124 07 0.366E 00 0.155k 02
2000 n.678 02 0,000F DO 0,124E 02 0,394 00 0.161E 02
2001 0.684E 07 0,000E nO 0,124E 02 0.474E 00 0.168E 07
2007 0,691E 02 0.000E 00 0.124E 02 0.454F 00 0,174k 02
2003 0.697& 02 0.000E 00 0.124€E 02 0,485E 00 0.181E 02
2004 0.704E 02 0.000E 00 0,124 02 0,518E 00 0.187E 07
2005 0,710E 02 0.000E DO 0.124e 02 0,551 00 0.193E 02
2006 0.717€ 02 0.000E noO 0,124E 02 u.586E 00 0.2010 02
2007 0,723k 02 0.000F 0O 0,124E 02 0.672E 00 n,206€E 02
2008 0,730E 02 0.000E 00 0.124E 02 0,659E 00 0.213E 02
2009 0.736E 02 0,00G6F 00 0.124E 02 N.697E 00 0,219E 02
2010 0.743E 02 0,000E 00 0.124E 02 0.736F 060 0.226E 02
2011 0,750k 02 0.000E 00 0.124E 02 0.776E 0O 0,232 02
2012 0,757E 02 0,000E 0O 0,124 02 0,818k 00 0,239 02
2013 0,763k 02 0.000E 0O 0.124t 02 0,860 00 0.24%E 02
2014 n,770E 02 0,000E ND 0.124E 02 0,904F 00 0,252 02
2015 0.777E 02 0,000E 00 0.124E 02 0.949F 00 0.258E 02
2016 n,784E 02 0.000E 0O 0.124F 02 0.995E 00 0.264E 02
2017 0.791E 02 6,000F 00 n.124E 02 0.,104F 01 0.271€E 02
2018 0.798E 07 0.000E 00 0.124E 02 0,109 01 0.277E 02
.2019 n.80%E 02 0,000F 00 0.124E 02 0.,114F 01 0.284E 02
2020 0.812& 02 0,000E 00 0,124 02 0,119F 01 0,290E 02
2021 0,819€ 02 0.000E noO 0,124E 02 0,174 01 0.297E 02
202? 0,826 02 0,000E 0O 0,124 07 0.129E 01 0,303t 02
2023 0.833E 02 0.000E PO 0.124E 02 0,135E 01 0,310t 072
2n24 0.B4nE 02 0,000 NO 0,124 02 0.140F 01 0,316 02

2025 0.B47E 02 0.000E 00 0,124E 02 0.146F 01 0,322 02
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WLDP HODP WGDP WOSDP WLMDP
1975 0,254k 02 0.0n0E no 6.127E 02 0,456E=01 0,000E 0O
1976 0,254E 02 0.000F 00 n.127€ 02 0,473F-01 0,375 00
1977 n,25%4E 02 0.000E 0O 0.127E 02 0.,506E-01 0.750E 00
1978 0,254t 02 0,000 OO0 n.,127g 02 V.,557E-01 0,112t 01
1979 0,254€ 02 0.000E 00 0.127E 02 0.,674F-01 0,150 01
1980 0.255E (2 6.000E 00 0.127E 02 0,708E-01 0.,1R7E 01
1981 0.255E 02 0,000E no 0,127 02 0.809E-01 0,225t 01
1982 0,255k 02 0,000E noO 0.127E 02 N.926F-01 0.262E 01
1983 0.255E 02 0.000E 00 0,127E 02 0.106E 00 0.300E 01
1984 0,255k 02 0,000E DO " n,127E 02 0,121F 00 0.337E 01
1985 0,255E 02 0.,000F 00 0,127 02 0.138E 00 0,375€E 01
1986 0,255k .02 0,000E 00 0.127E 02 0.156E 00 0,412 01
1987 0,255k 02 0.000E 00 0,127 02 0,177F 00 0,450E 01
1988 0,255k 02 0.000E 00 0,127 07 0.198E 00 0,487 01
1989 0,255E 02 0.000E NQ 0,127 02 0,272 00 0,525t 01
1990 0.,254E 02 0,000E no 0,127E 02 0.247E 00 0,562 01
1991 0.254E 0? 0,000E 00 0,127 02 N.,274F 00 0,600E 01
1992 0,254t 0? 0.000E 00 0,127E 02 0.303F 00 0.637€ 01
1993 0,254t 02 0,000E nO 0.127€ 02 0.333F 00 06,675E 01
1994 0,254E 02 0.000E 00 0,127 02 1.365F 00 0.712E 01
1995 0.254E 02 0.000E 0O 0.,127E 02 0.398E 00D 0,750E 01
1996 0,254k 02 0,000E 00 0.127E 02 0,434k 0O 0,787 01
1997 0,254E 02 0.00CGE noQ 0.127E 02 0.471E 00 0,825E 01
1998 0,254€ 07 D,000E 0O 0.127€ 02 0,509 00 0,862E 01
1999 0,254E 02 D,000E 00 0.127E 07 0,550F 00 0.900E 01
2000 n,253E 07 0,000E 00 0.127€ 02 J,592E 00 0.937E 01
2001 0,253E Q2 0,000F 0O 0.1276 02 0,635E 00 0.975E 01
2002 0,253 02 0.000E 0O 0.127t 02 0,081F 00 0,101E 02
2003 0,253E 02 0,000 DD 0,127 02, 0.728E 00 0,10%E 02
2004 0.253€ 02 0,000E 0O 0.127& 02 n,776E 00 0,109 02
2005 0,253 02 0,000E 0o 0.127& 02 0.827E 00 0.,112E 02
2006 0.252E U2 0,000E DO 0.127E 02 n.s79e 0O 0,116E 02
2007 0.252E 02 6.,000E 0O 0,127 02 0,933E 00O 0,120E U2
2008 0.252E 02 0.0N0E 0O 0,127 02 0.988E 00 0,124 02
2009 0,252 02 0.000E 00 0,127 07 0,105E 01 8,127 02
2010 0.252E 02 0.,000E nO 0.127€ 02 n.110F 01 0,131k 02
2011 n.251& 02 6,000E 0O 0,127 02 0.116E 01 0,13%E 02
2012 D,251E 02 0,000E 0O 0.127€ 02 0.123E 01 0,139 02
2013 0,251E 02 0.000E DO 0.127e 02 0,179 01 0,142E 02
2014 0.251E 02 0.000E 00 0,127 02 N.136E 01 0,146E 02
2015 0.,250E 02 0.000E 00 0,127 02 0.142F 01 0,150€ 02
2016 0.250E 02 0,000E 00 0.127€ 07 0.,149E 01 0,154E 02
2017 0,25nE 02 0.000FE 0O 0,127€ 02 0.156E 01 0,157€ 02
2018 0,249E 02 0,000E 0o 0.127€ 07 0,163E 01 8.161E 02
2019 0,249 02 0.000E 00 0,127 02 0,171E 01 0,165€ 02
2020 0,249E 07 0.000E 00 0,127 02 0,178F 01 0,169E 02
2021 0.249E 02 0.000E 00 0.127E 02 0.186F 01 0,172 0%
2022 0.248E 07 0.000E 0O 0,127 02 0.194E 01 D,176& 02
2023 0.248E 02 8,000E 00 0,127 02 0,202 01 0.1860& 02
2024 0,247E 02 0,0N0E 00 0.127€ 02 0.210E 01 0,184 02

2025 0,247k 02 0.000E 00 0.127& 02 0,219E 01 0.187E 02
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2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

HLAP
0,116E
0.117E
0.119E
0.120E
0.121E
0.122€
0.124E
0.125€
0.126E
0,127€
0.129E
0.130E
0.131E
0,132E
0.134E
0.135€
0.136E
0.138E
0.139€
0.140E
0,142E
0.143E

T 0,144E

0.146E
0.147E
0,149E
0.150E
0.,151E
0.153E
0.,154E
0.156E
0,157€
0.158E
0.160E
n.161E
0.,163E
D.164E
0,166E
0.167E
0.169E

0.,170E
0.172E
0.173E
0.175E
0.176E
0.178E
n,179€
0,1B1E
0.183E
0.184k
0.186E
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WOAP

0.000F
0.000E
0.000E
0.000E
0.000E
0,0n0F
0.000F
0,0N0E
0,000E
0.000E
0,0n0E
0,000E
0.000E
0,000E
0.000E
0.000E
0,000E
0.000E
0.000E
0.000E
0,000E
0.000E
0.000E
0.000E
0.000E
0.000E
0,000E
0,000E
0,000E
0.000E
0.000E
0,000E
0.000E
0.000E
0.000E
0.000E
0.000E
0,000E
0.000E
0.000E

0.000E
0,000E
0.000E
0,000E
0,000F
0.000E
D.000E
0.000F
0,000E
0.000E
0.000E

00
0o
00
00
0o
00
00
00

WGAP
0,627E
0.633E
0.640E
0,646E
0.653E
0.560E
0.666E
0.673E
0.680E
0.687E
0,694E
0,701k
0.708E
0.715E
0.722E
n,729E
0.737k
0,744E
0.751E
0,759k

0.767E

0,774E
0.787E
0.790E
n.798E
0,806E
0.814E
0,822t
D,830E
0,838k
0.847E
0,.855E
0.863E
0.872E
0.BB1E
0.889E
0.898E
0.907E
0.916E
0.,925E

0.934E
0.943E
0.952E
D.961E
0.971E
0,980E
0.990E
0.999E
n,101E
0.102E
0.103E

WOSAP
3,0N0E
0.0Nn0E
n.000F
0.000E
0,000k
0.000E
0.00N0E
0,000E
0,000F
0.000E
0.000F
0,000E
0.000E
0,000F
p.o000t
0.000E
0,000E
0,000E
0,000E
0,0n0F
0,0N0FE
0.000E
0,000E
0.000E
0.000E
0.000E
0,NN0E
0.000E
0.000F
0,000k
0.000E
0.000E
0,000E
0,000E
D, 000E
0.00n0E
0.,000E
0,Un0E
n,000E
0.000E

0.000E
0.000E
0.,000E
0.000E
0.000F
0,000E
0.000E
0.000E
0,000F
0,000E
0.000E

WLMAP
0,000E
0.174E
0,349k
0,523E
0.698E
0.872E
0.105E
0,172k
n.140E
0,157k
0,174E
0,192E
0.209E
0,227k
n.244E
n.262E
0,279k
0,297E
D.314E
0.332E
0.349E
0,366E
0.384E
0,401E
0,419E
0.436E
0.454E
0.471t
n,489&
0,506k
0.523¢c

0.541E

0.558E
0.576E
0.593E
0.611E
0.678E
0.646E
0.663E
0.681E

0.698E
0.715E
0,733E
0,750E
0.768¢E
0.785E
0.803E
0.820E
0.838E
0.855%E
0,872E
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WLICP WOICP WGICP WOSICP WLMICP
1975 0.683E 02 0.161E 03 0.588E 01 0,0D0E 0O 0,000 0O
1976 0.69NE 02 0.165E N3 0.588E 01 0.00BE 0O 0.223E 01
1977 0.697E 02 0.168E 03 0.588& 01 0.000E 00D 0.447E 01
1978 0.704E 02 0.172E n3 0.588E 01 0.000E 0D 0,670E 01
1979 0.712& 02 0.175€ 03 .0.588E 01 0.000E 0O 0.894E 01
1980 n.719€ 02 0,179E 03 0.%89E 01 0.000F QO 0.112& 02
1981 n,726E 02 0.183€ 03 0.589E 01 0.000E QU 0.134E 02
1982 0D.734E 02 0.187E 03 0.5689E 01 0,000E 00 0.156E 02
1983 0.741k 02 0.191E 03 ' 0.589E 01 H.000E 0O 0.179E 02
1984 0,.749E 02 0.,195E 03 0,54%9E 01 0,000E GO 0,201k 02
1985 0,756E 02 0.19%9E 03 0.58%9E 01 0,000 00 0,223k 02
1986 0.764E 02 0,203k 03 0.589E 01 0,000E 0O 0,246E 02
1987 0.771E 0?2 0.2n7E 03 0.589E 01 0.000E 0O 0.268E 02
1988 0,779E 02 0,212E 03 0.58%E 01 0,000F 00 0.291E 02
1989 0.786E 02 0.,216F 03 0.589E 01 0.000E 0O 0,313k 02
1990 n.794E 02 0,220 03 0.589E 01 0.000E 00 0,335€ 02
1991 0.802E 02 0.225E 03 0,589€ 01 0.000F 00 0.358E 02
1992 0,80% 02 0.230F D3 0,589 01 g,000E 00 0,380k 02
1993 0,817 02 0.235E 03 0,.589& 01 0.000E 00 0.402E 02
1994 0,825 02 0,240FE 03 0,589k 01 0,000E 0O 0,425 02
1995 0.833E 02 0,245E 03 0.589E D1 0,000E 0O 0.447€ 02
1996 0.841E 02 0.250E 03 0.589€ 01 0.000E 0O 0.469E 02
1997 0,.849E 02 0.255E 03 0,589E D1 0,000F GO 0.492E 02
19948 0,857 02 0,260E 03 0.549E 01 0,000E 0O 0,514k 02
1999 0.865E 02 0.266E 03 0,589E 01 0.000FE 00 0,536E 02
2000 0.,873E 02 0,271E 03 0.589€ 01 0,000 0O 0,559 02
2001 6,881E 02 0.277E 03 0.589E 01t 0,000E 0O 0,581E 02
2002 0,890E 02 0,283E 03 0.589E 01 0.,000F 00 0,603 02
2003 0.898E 02 0,289E 03 0.589E 01 0,000E 0N 0.626E 02
2np4 0,906E 02 0,295 03 N.589€ 01 n.000F 00 0.648E 02
2005 0.914E 02 0.301E 03 0,589t 01 0.000E 00 0,670 02
2006 0.923E 02 0.307E 03 D.589E 01 U,000E 0D 0.693E 02
2007 0.931E 02 0,314E 03 0.589E 01 0.,000E 00 n.715E 02
2008 0.940E 07 0.320E 03 0.589E 01 0,000E 0O 0,738E 02
2009 0.948BE 02 0,327 03 0,589 01 0,.000E 00 0,760t 02
2010 0,957 02 0.334E 03 0.58%E 01 u,000E 00 0,787E 02
2011 0.966E 02 0,341E 03 0.589E 01 0,000E 00 0.80%5E 02
2012 0.974€ 02 0,348 03 0.589E 01 0.,000E DO 0,827 02
2013 0.983E 0?2 0,355 N3 0.589E 01 0.000E 0O 0.849E D2
2014 0.992E 02 0,363E 03 0.589E 0t 0,000E 00 0.872E 02
2015 0,100 03 0.371E 03 0.588E 01 0.000E 0O 0.894E 02
2016 6.101E 03 0,.378E 03 0.588E 01 0,000E 0O 0.916E 02
2017 0.102E 03 0.3R6E 03 0.588& 01 0.,000E 00 0,939€ 02
2018 0,103E 03 0.394E 03 D.588€E 01 0.,000E 00 0.961E 02
2019 D.104E 03 0.403E 03 n,588E 01 0,000E 0O 0,983E 02
2020 0.105E D3 0.411E 03 0,.588E 01 0.000E DO 0.101E 03
2021 0,105E 03 0,420 03 0.588E 01 0.000F 00 0.103E 03
2022 0.106E 03 0,429E 03 0,587E 01 0.000E OO 0.,105E 03
2023 0,107 03 0,438E 03 0,587E 01 0,000E 0O 0,107k 03
2024 0.108E 03 0.,447E 03 0.587E 01 0,000E 00 0.110E 03

2025 0,109E 03 0,456€ 03 0,587E 01 0,000E 0O 0,112E 03



1975

1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

2020
2021
2022
2023
2024
2025

WiP
0.77nE

0,786AE
0,802E
0,819E
0,835E
0,852k
0.918E
0,937E
0,956E
0.975E

0,995€E -

0.101E
0.104E
0,106E
0.10RE
0,110E
6,119E
0,121E
n,124E
0.126E
0,129E
0,131E
0.134E
0,137E
0.139E
0.142E
0,169E
0.,172E
0,176E
n.180E
0.,1B4E
0.188E
0.192E
0.197E
0.201E
0,206E
0,245k
0.251E
0.257E
D.264E
0.,270E
0,277E
0,283E
0,290E
0.298E

0.305E
0.359E
0.368E
0.378E
0.388E
0.398E

02
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WDP
0,440E

0,445E
0,449E
0,454k
0.458E
0.463E
0,489E
0.494E
0,499E
0.504E
0.509E
0.514E
0.519E
0.524E
0.529E
0.534E
0.563E
0.568E
0,574E
0.579E
0,584E
0.590E
0.595E
0.600E
0,606E
0,611E
0,683E
0.689E
0.695E
0.702E
0.708E
0.714E
0.721E
0,727E
0.734E
0.740E
0.825E
0,832E
0.840E
0.847E
0.855E
0.862E
0.870E
0,877E
0,885E

0.893E
0,983F
0.992E
0.100F
0.101k
0.102E

WAP
0.179E

0. 182E
N.186E
0,190E
0.193E
0.197E
0.201E
0,.204E
0.208E
0.212¢
0.215E
0.219€
0.223E
0.227E
0.230E
0.234E
0.238E
0.242E
0.246E
n.249E
0.253E
0.257E
0.261E
0.265E
0.269E
0.273E
0,277E
0.281E
0.285E
0.289E
0.293E
0.297E
0.301E
0.305E
0.309E
0.313E
0.317E
0.321E
0.325€
0.329E
0.333E
0,338E
0.342€
0.346E
0.350E

0,354E
0.359E
0.363E
0.367E
0.371E
0.376E

WwicP
0.236F

0.242F
0,248E
0.255€
0.261E
0,268E
0.,275E
0.2R2E
0.289E
0,296EF
0,303E
0.310E
u,.317F
0.324E
0,332€
0.339E
0,347E
0.355E
0.363E
0.370E
0.379E
n,387E
0.395E
0,403F
0.412E
0.420E
0.429E
0,436E
0,447E
0.456F
0.465E
0.475E
0,484F
0.494E
D.504E
0.514E
0.524E
0.534F
0.545F
1.,555E
0,566E
C.577E
0.588F
0.599E
0.611E

0,622E
D.634E
0,646E
0,658E

‘0,670E

0.683F



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
19848
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

2023
2024
2025

SWI
6,120E
0.114E
0.,107E
0.997E
0,916E
n,829€
0,123E
0,115E
0,106E
0,959E
0,855E
0,743k
0.623E
0.495¢E
0.359E
0.215E
0.755E
0,616E
0,469E
0.313E
0,147E

~0,275E

-0,2172E
-0.40BE
=-0,613&
-0,.830E
0,130E
0,.114E
0.970&
0.791E
0.603E
0,404E
0.194E
-0.283E
-0,262E
-0.507E
0.,273€
0.258E
0,741k
0,224E
0.206E
0.187E
0,167E
0.146k
0.123E
n.,99¢6E
0.536E
0,526E

0.515E
0.,502€E
0.489¢

-02

02
02

SHD
0.542E
0.546E
0,549E
0.551E
0,553k
0.555E
0.775E
0.779E
0.782E
0.784E
0.787E
0,788E
0.790E
0.791E
0,792E
0,792E
0,104E
0.104E
0.,104E
0,104E
0.104E
0.104E
0.104E
0.104E
0.104E
0,104E
0,170E
0.171E
0,172E
0.172E
0.173E
0,173€
0.174E
0,174E
0.174E
0,175E
0.253E
0.,254E
0,255E
0.256E
0.258E
0,259E
0.260F
0.261E
0,261E
0.262E
0.346E
0,347E

0.349%9E
0,351F
0.352F

1389

01
01
01
ni
ni
01

01
01
01
01
ni
01

01
01
02
02
02
02
n2
02
02
02
02
02
02
n2
02
n2
02
02
n2
02
02
02
n2
02
n2
02
02
02
02
n2
02
n2
02
02

02
ne
ne

SHA
-0.504E
0.,412E
0.130E
0.216E
0.299E
n.379E
0.455E
0.528E
0.598E
0.665E
0.729€
0,789E
0.B46E
0.899E
0.950E
0.996E
0.104E
0.108E
0.111E
0,115€
0.117E
0.120€
0.122E
0.124E
0.125E
0.126E
0.126E
0.126E
0.125E
0.125E
0.123E
0.121E
0.119E
0.116E
0.113E
0.109E
0,105E
0.998E
0.944E
0.885€
0.819€E
B.750E
0.674E
0,591E
0.504E
0.409E
0.30BE
0.201E

"0.867E
-0.336E
-0.,162¢E

o0
00
01
01
01

01
01
01
01
01
01
01
U1
01
01
0?
0z
02
62
0z
02
02
02
02
02
02
02

07

02
g2
02
14
0e
02
02
02
01
01
01
01
01
01
01
01
01
01
01

0o
go
01

SWIC
0.,945E
0.807E
0,649F
0.471E
0.273E
0,539E

-0,188F
~0,452E
-0,741E
"DolDSE
~-0,139E
-0,176E
-0.,216E
-0.258E
~-0,303E
-n,3%2E
-0,403E
-0,458F
-0.517E
-0.579E
-0.645F
-0.715€
-0.,78B9E
-0.867E
-0.949E
-0,104F
-0,113E
-0.,122E
-0,133E
-0,143E
-0.155E
-0,166E
-0,179E
-0.192E
-0,205E
-0,220E
-0,235E
-0,250E
-0,267F
~0,284E
-0.,302E
-0,370E
-0, 340E
-0,361E
-0,3R2E
-0,404E
~n,428€
-0,452EF

-0.477F
-0,504F
-0.531F

03
D3
03



1975
1976
1977
1978
1979
1980
1981

1982
1983
1984
1985
1986
1987
1988
1989
199n
1991
1992
1993
1994
1995
1996
1997
1994
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

TWS

0,760E~
0,788€E-
0,B44E-
0.928E-

0.,104E
0.118E
0.135E

0.154E
0.177E
0.207E
n.230&
0.261E
0.294t
0.331E
0.370E
0.417E
0.457E
0.,504E
0.555E
0,608E
0.664E
0.723E
0.784E
0.849E
0.916E
0.986E
0.106E
0.113E
0.121E
0,129E
0,138E
0.146E
0.155E
0.165E
nD.174E
0.1B4E
0.194E
0.204E
0.215€
0.226€
0.237E
0,249
n,260E
0.272€
0.285€E
0.297E
n.310€
0.323E
0.337E
0.351E
0.365E

01
01
01
01
e
00
o0

uo
0o
00
on
uo
00
00
00
0o
oo
on
00
0o
oo
1]
0o
on
00
on
01
01
01t
01
01
01
01
01
01
01
01
0t
01
01
01
01
01
01
01
01
01
01
01
01
01
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ENH
0,320F
0,343€E
0.367E
0,393E
0.421E

- 0.451E

0.483E

0.517E
0.554E
0.593F
0,635E
0.680E
0.729E
0.780E
0.836E
0.895E
0,9%9E
0.103E
0,110E
0.118BE
0.126E
0.135E
0.145E
0.155E
0.166E
0,178t
0.190E
0.204E
0.218E
0.234E
0,250E
0.268E
0,287E
0.308E
0.330E
0,353E
0,378E
0.405E
0.434E
0.464E
0.497E
0.533E
0.570E
0. 611E
0.654E
0,701E
0.750€
0,804E
0.861F
0,922k
0.987E

EH
0.591E
0.633E
0.678E
0,726E
0,778E
0.833E
0.892E

0,955¢k
0.102€E
0.110E
0.117E
0,126k
0,135k
0,144E
D.154E
0.165E
0.177E
0,190E
0.,203€
0,218k
0,233E
n,250E
0.267E
0,286E
0.307E
n,.,328E
0.352E
0.377E
0.403E
0,432E
0,463E
0.496E
0.531E
0.568E
0,609E
0,652E
0,698E
0.748E
0.801E
0.858k
0,919E
n,984E
0.105E
0.113E
0.121€
0.129E
0.139E
0,148E
0,159E
0.170E
0.182€E

SE
-0,585E
0,165k
0.,406E
U.668E
0,950F
0.,126F
0,158F

0,194E
0.232E
0.274F
0.318F
0.366E
0.418€
0,473E
0.533E
0.598E
D.667E
0,741F
0,821
6,9N7E
0.100F
0.110E
0.171E
0.132E
0,144E
0,157E
0.172E
0.187E
0,203k
0,221E
0.239F
0.260F
0.281E
0.304E
0,329EF
0,356E
0.385F
0,415F
D.448F
0,4R3E
0,521F
0.562E
0.605F
N.652E
0,702E
0,755E
0.813F
0,B874E
0.940E
0,101E
0.109E



1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1598
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

FACT
0.509E
D.522E
0.536E
0,.549E
0.564E
0.578E
0.594E
0.609E
0,625E
0.,642E

n,659E
0,676k
0.694E
0,713k
0.737E
0.752E
0.772E€
0,793E
0.815E
0.837E
0,860E
0.883E
0.%08E
0.933E
D.,959E
0,986k
0,101k
0.104E
p.,107E
0,110E
0.113E
0.116E
0,120E
0.123E
0,127E
0.130E
0,134E
n,138&
0,142E
0.146E
0.150E
0.155E
0,159¢
0.164E
0.169E
0.,173E
0.179E
0,184E
0,189E
0,.195%E

0.201E

03
03
03
03
03
03
03
03
03
03
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PIND1
0.,127E-n1
0,130E-01
0,134E-01
0,137E-nt
0.141E-01
0.144E-01
0.,148E-0n1
0,152E-01
0,156E-01
0.,160E-01

0.164E-01
0.169E-n1
0.173E-01
0.178E-01
0.183E~01
0.188E-n1
0.193E~-01
0.198E-01
0.203E-01
0,209E~01
0,215E-01
0.221E-01
0.227E-01
0.234E-01
0.240E-01
0.247E-01
0.254E-01
0.261E-01
0,269E-01
0.277€-n1
0.285E-01
0,293E-01
0.301E-01
0.310E-01
0.319€-01
0,329E-01
0.339€-01
0,349E-01
0,359E~01
0.370E-01
0.381E-01
0.393E~01"
0.405E-01
0,417E-01
0.430F-01
0.443FE-01
0.456E=-01
0.470E-01
0.,485E-01
0.500E-01
0.516E-01

PIND2
0.257&-02

‘0.264E~-02

0.270e-02
0.277E-D2
0.285E~-02
0.292E-02
0,299E-02
0.307e-02

"0.315E-02

0,324E-02

0,332E-02
N.341E-02
0,350E-02
0,359E-02
0,369E-02
0,379E-07
0.389E~02
0.400E-02
0.411E-02
0,422E-02
0,433-02
0,445E-02
0,45BE-02
0,470E-02
0,483E-02
0,497E-02
N.511e-02
0.,525E-02
0.,540E-02
0.,595E-02
0.571E-02

0,587E-02

0.603E-02
0,621E-02
0.639E~02
0.657E~02
0.676E-02
0.695E-02
0.716E-02
0.737E-02
0.,758E-02
0,780E-02
0,803E=-02
0.827e-02

N,851E~-02

0,877e-02
0.,903E-02
0,930E-02
0,958E-02
0,986E-02
0,102€-01






