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PREFACE 

Meteorological studies suggest that technologically feasible oper- 

ations might trigger substantial changes in the climate over broad re- 

gions of the globe.    Depending on their character,  location, and scale, 

these changes might be both deleterious and irreversible.    If a foreign 

power were to bring about such perturbations either overtly or covertly, 

either maliciously or heedlessly, the results might be seriously detri- 

mental to the security and welfare of this country.    So that the United 

States may react rationally and effectively to any such actions, it is 

essential that we have the capability to:    (1)  evaluate all consequen- 

ces of a variety of possible actions that might modify the climate, 

(2) detect trends in the global circulation that presage changes in 

the climate, either natural or artificial, and (3)  determine, if pos- 

sible, means to counter potentially deleterious climatic changes.    Our 

possession of this capability would make incautious experimentation 

unnecessary, and would tend to deter malicious manipulation.    To this 

end, the Advanced Research Projects Agency initiated a study of the 

dynamics of climate to evaluate the effect on climate of environmental 

perturbations.    This Rand Report is a technical contribution to this 

larger study. 

An important part of the Rand/ARPA research program on the dynamics 

of climate is the evaluation of the accuracy of simulations of the global 

climate given by numerical solutions of models of the general atmospheric 

circulation.    To perform this evaluation systematically requires a know- 

ledge of the global distribution of the common climatic variables such as 

pressure, temperature, humidity, wind,  and precipitation, together with 

the associated distributions of the elements of the global radiation and 

hydrologic balances.    Such data, we have discovered, are not readily 

available, and even those that are obtainable are usually in a variety 

of forms and not immediately comparable to other climatic data. 

The data presented in this Report are the result of an attempt to 

gather in one place and in a common format the best available global 

climatological data on selected meteorological variables for the month 

of January.    As such, they represent the first part of a set of seasonal 

data being compiled for a Global Climatic Atlas. 
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SUMMARY 

From selected climatological data sources the January global dis- 

tribution of pressure, temperature, wind, and moisture is reconstricted 

for the surface, 800 mb, and 400 mb. These data are supplemented by 

presentations of the global distributions of cloudiness, evaporation, 

precipitation, and selected elements of the surface heat balance. All 

data are presented on a global grid of 4° latitude by 5° longitude and 

are given in the form of both tabulated values and machine-analyzed maps. 



-VI1- 

ACKNOWLEDGMENTS 

Sincere appreciation is extended to those at the National Climatic 

Center of the National Oceanic and Atmospheric Administration (NOAA), 

the National Center for Atmospheric Research (NCAR), and the Environment- 

al Technical Applications Center (ETAC) of the Air Force, who cooperated 

in making available the latest magnetic tapes of surface and upper-air 

data for this special analysis. Thanks are also due Marsha Dade, Mikki 

Fujisaki, Esperanza Rodriguez, Bob Mobley, and Al Nelson of Rand, for 

their work in processing these tapes and reducing the data to its de- 

sired form. 



-IX- 

CONTENTS 

PREFACE  iii 

SUMMARY   v 

ACKNOWLEDGMENTS   vii 

Section 
1. INTRODUCTION    1 

2. DATA SELECTION AND PROCESSING  4 
Surface Data  4 
Upper-air Data  9 

3. GLOBAL CLIMATIC ANALYSIS    13 

4. ZONALLY AVERAGED DATA  39 

5. GLOBAL DATA TABULATIONS  67 

REFERENCES  172 



-1- 

1.  INTRODUCTION 

The data presented in this Report describe the global distribution 

of the primary climatic elements of pressure, temperature, wind, and 

moisture, together with a number of components of the surface heat bal- 

ance. Both smoothed and unsmoothed data were gathered and processed 

for use in the evaluation of climate simulation experiments made with 

numerical general circulation models. The present Report, however, is 

a response to the recognition that these data may also be useful as a 

climatic summary in their own right. 

A primary purpose of the present compilation of data is to pre- 

sent the "observed" January distribution of those meteorological vari- 

ables simulated by the two-level atmospheric model of Mintz and Arakawa 

[see Mintz (1968) and Arakawa (1970)]. This model simulates the wind, 

temperature, and geopotential at two tropospheric levels, which for our 

purposes may be regarded as the 400-mb and 800-mb levels, and also the 

moisture distribution at the lower (800-mb) level. At the earth's sur- 

face the model simulates the pressure, the surface air temperature, and 

the ground temperature, together with the elements of the surface heat 

balance, including the net radiation flux, the latent heat flux asso- 

ciated with surface evaporation, and the surface flux of sensible heat. 

The model also simulates elements of the hydrologic balance, including 

cloudiness, precipitation, and ground wetness. A documentation of this 

model for use in the Rand research program on climate dynamics is in 

preparation (Gates et al., 1971). 

In spite of a search for the best possible data, the January global 

distribution of each of these variables was not readily available in the 

climatic literature. Those variables that were available at the surface, 

at 8f nb, and at 400 mb are summarized in Table 1.1, which also serves 

as a guide to the Report's sources of information, maximum period of rec- 

ord, maps, and data tabulations. In most cases the 800-mb and 400-mb 

data had to be interpolated at the 4° latitude, 5° longitude grid of the 

Mintz-Arakawa model from the various formats of unsmoothed data in the 

taped data sources, whereas most of the surface data were visually inter- 

polated from analyses published in atlases. A global analysis of each 
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variable selected is given in Section 3, together with a tabulation of 

the associated grid-point data in Section 5. Exceptions are the ob- 

served winds, for which only northern-hemisphere data are presently 

available in adequate quantity. Geostrophic wind analyses are included, 

however, for both the northern and southern hemispheres, in an effort 

to present an approximation to the global wind pattern for January.  For 

each of the data distributions shown in Section 3, the corresponding dis- 

tribution of the zonal averages is given in Section 4, along with the 

global average value. Further details of the data selection and process- 

ing are given below. In the grid-point data tabulations of Section 5 

the asterisk (*) denotes missing data; these regions correspond to the 

blank or "no data" areas on the analyzed maps and zonal averages of Sec- 

tions 3 and 4. 



2.  DATA SELECTION AND PROCESSING 

The processing or manipulation of each primary source of the mean 

January data identified in Table 1.1 is briefly described below. After 

a careful review of all known sources of pertinent data, it was con- 

cluded that the sources used here represent the best collection of 

"global" data possible at the present time, at least for the purpose 

of comparison with the model'b global simulations. Further discussion 

of the observational content, special processing, and limitations of 

these data (including various record lengths) are given in the data 

publications themselves. Although the remarks made below refer to the 

data of Figs. 3.1 through 3.24, they also apply to the corresponding 

zonally averaged data of Figs. 4.1 through 4.24, as well as to the sup- 

porting grid-point data tabulation of Tables 5.1 through 5.24. 

A.  SURFACE DATA 

The surface and sea-level meteorological data shown in Sections 

3, 4, and 5 are based upon unsmoothed data extracted from magnetic 

tapes containing the January averages for the northern and southern 

hemispheres in the publications NAVAIR 50-1C-52 (Crutcher and Meserve, 

1970) and NAVAIR 50-1C-55 (Taljaard et al., 1969). A linear inter- 

polation was applied to the 5° latitude tabulated data to generate 

data every 4° latitude beginning at the poles, while the 5° longitude 

data presentation was left intact. 

1.  Pressure, Temperature, and Relative Humidity 

The sea-level pressure (Fig. 3.1), the surface air temperature 

(Fig. 3.2), and the surface dew-point temperature were taken from these 

sources. The dew point was then converted to relative humidity (RH) 

by the formula 

RH = e\p - 6.11 mb e**) (1) 

eB(p - 6.11 mb eA) 



where p is the  (total)  air pressure  (in mb)  and the parameters A and B 

are given by 

A =  17.269 Td(Td + 237.3 deg C)"1 (2) 

B =  17.269 T(T + 237.3 deg C)"1 (3) 

with T, the dew-point teraerature  (in deg C)  and T the air temperature 

(in deg C).    The resulting surface relative humidity distribution is 

shown in Fig.  3.4. 

The global distribution of the January average sea-surface tem- 

perature as shown in Fig.  3.3 is based upon the data contained in the 

NCAR publication of the monthly averages  (Washington and Thiel,  1970). 

The NCAR data were extrapolated by at most 2.5° in the direction of 

land or ice  (interpolated in some cases of small islands or narrow pen- 

insulas), and then transferred to the present 4° latitude, 5°  longitude 

grid by interpolation.    This extrapolation and interpolation was done 

by Dr.  R. C.  Alexander at Rand.    The lowest sea temperature in the NCAR 

data was 0 deg C. 

2. Cloudiness 

The distribution of total cloud cover as shown in Fig. 3.5A was 

constructed from the digitized representation of both satellite and 

conventional observations compiled by the Global Weather Central for 

ETAC (1971). These data were collected at 0000Z and 1200Z, and were 

compiled for this presentation in terms of the total cloud cover C 

from the formula 

c = f COO'N ; CI2>N i (4) 
N^O 2 8 

where Cnft N and C.» N are the percentage of the 00Z and 12Z observa- 

tions which have N-eighths cloud cover.    These digitized cloud data 



appear on the GWC (Global Weather Central)  grid.    This is a square 

grid with octagonal boundaries superimposed on a polar stereographic 

projection, with a southern boundary at approximately 150N.    Equations 

from Scientific Services Technical Note #1 (1962) were used to trans- 

form the latitude and longitude of each of the 46 x 72 points of the 

present grid to the coordinates in the GWC grid,  followed by a bi- 

linear interpolation using the four nearest GWC grid values. 

Since the northern-hemisphere data of Fig. 3.5A contain all mod- 

ern cloud observations, during both day and night hours,  it is consid- 

ered the best representation of northern-hemisphere total cloud cover 

available.    In an effort to obtain global coverage, however.  Fig. 3.SB 

was constructed from a digitized representation of the sun-oriented 

TIROS data of Miller (1970)  and Miller et al.   (1970).    These computer- 

rectified data give the mean daytime cloudiness at approximately 1400 

local sun time.    Since they compare favorably with the gross features 

in Fig. 3.5A associated with storm tracks, anticyclones, and the inter- 

tropical convergence zone, they are presented as an extension of these 

data into the southern hemisphere.    Since the present satellite obser- 

vations do not effectively discriminate between clouds and highly re- 

flective ground surfaces such as ice, snow, and desert, the Miller 

data presented here contain systematic errors when interpreted in terms 

of cloud cover.    Nevertheless, they probably represent the best cloud- 

cover data now available in the southern hemisphere. 

3.    Precipitation 

The global distribution of the annual precipitation shown in Fig. 

3.6A was interpolated by hand on a 5°  latitude-by-50  longitude grid 

from the Academy of Sciences, USSR (1964) publication.    A linear in- 

terpolation was then applied to the 5°  latitude data to generate the 
* 

4°  latitude data required. 

* 
Figure 3.6B has not been reproduced here because stratification 

resulted from Jacobs's  (1968) method of apportionment, which was for 
each 10° of latitude; there was no means of determining how to eliminate 
the stratification. 
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In an effort to obtain data more descriptive of the northern-hemi- 

sphere winter, the mean global precipitation for December-January- 

February was derived from these data,  and is shown as a zonal average 

in Fig. 4.6B.    This was accomplished by expanding the seasonal appor- 

tionment of precipitation for the ocean between 60oN and 60oS given 

by Jacobs  (1968)   (see Table 2.1).    Jacobs's apportionment for 50° to 

60oN and for 50° to 60oS was extended unchanged to the poles  for the 

Atlantic (75W-25E)  and Pacific (110E-75W)  sectors, as were the appor- 

tionments for the Indian Ocean (25E-110E)  for 20° to 30° N and 40' to 

50oS to fill out the global grid.    This seems consistent, with the Jan- 

uary influeii^e of the strong Siberian high which gives most of Asia a 

comparatively dry winter season  [Kendrew  (1963), Schutz  (1967)].    Be- 

cause this approach uses only Jacobs's ocean apportionment, the values 

over land would not give a true winter representation of precipitation 

were this procedure used over the globe.    At certain latitudes in the 

northern hemisphere the zonal average will be systematically in error. 

For example, amounts would be low in the extreme southwestern United 

States and between the eastern Mediterranean and the Persian Gulf, 

where most of the annual precipitation is recorded during the winter 

season.    In the southern hemisphere, because of the greater expanse of 

ocean, discrepancies over land are  less noticeable in the zonal average 

(Fig. 4.6B). 

4. Evaporation 

The January mean surface evaporation shown in Fig. 3.7 was drawn 

from data interpolated from those of Budyko (1963). We note that there 

are very few isopleths over the land in the northern hemisphere, since 

there the evaporation is generally < 10 inn. The rapid increase of evap- 

oration across the shoreline, however, produces a packing of the iso- 

pleths, especially along the eastern coasts of the continents. In the 

southern hemisphere, January is the middle of the wet season, and the 

surface evaporation over land is therefore more comparable with that 

over ocean. In mountainous areas in both hemispheres, the evaporation 

isopleths are interrupted by the lack of data. 
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Table 2.1 

APPORTIONMENT OF PRECIPITATION (IN PERCENT) 
BY 10° LATITUDE ZONES (JACOBS, 1968) 

DECEMBER-JANUARY-FEBRUARY 

Atlantic Ocean Pacific Ocean Indian Ocean 

Latitude DJF DJF DJF 

50o-60oN 28 20 .. 

40o-50oN 31 25 -- 

30o-40oN 33 31 -- 

20o-30oN 27 29 13 
10o-20oN 25 18 10 
0o-10oN 22 24 22 
0o-10oS 28 33 27 

10o-20oS 22 32 30 
20o-30oS 23 24 24 
30o-40oS 18 18 17 
40o-50oS 20 22 22 
50o-60oS 26 24 -- 
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5.    Radiation and Heat Balance 

The January solar radiation received at the earth's surface,  shown 

in Fig.  3.8, was interpolated onto the 4°  latitude, 5°  longitude grid 

from the data of Budyko (1963).    The breaks in the isopleths over land 

are caused by the mountainous areas for which no radiation data were 

available. 

The January surface radiation balance shown in Fig. 3.9 and the 

surface sensible heat flux shown in Fig.  3.10 are also based upon in- 

terpolations from the data of Budyko (1963),  and,  like Fig. 3,8, show 

a lack of data in mountainous and polar regions.    The distribution of 

the January surface heat balance shown in Fig.  3.11 was constructed by 

subtracting the interpolated data for the surface sensible heat flux 

(Fig.  3.10)  and that for the heat lost by surface evaporation (propor- 

tional to the data of Fig.  3.7)   from the data for the surface radiation 

balance (Fig. 3.9) .    This  latter quantity is itself the excess of the 

solar radiation absorbed at the surface over the net long-wave radia- 

tion lost by the surface. 

B.    UPPER-AIR DATA 

1.    Temperature and Relative Humidity 

The values for the free-air temperature and the dew point repre- 

sent unsmoothed information drawn from the data tapes supporting the 

two NAVAIR publications by Crutcher and Meserve (1970)  and Taljaard 

et al.  (1969 )  that were used above for the surface observations.    Speci- 

fically, the mean January temperature at 800 nib, as shown in Fig. 3.12, 

was computed by linear interpolation from the data for 850 mb and 700 

mb.    The 400-mb January temperature distribution shown in Fig. 3.19 

was constructed by a similar interpolation between the data at 500 mb 

and 300 mb.    The resulting 800-mb and 400-mb data were then interpo- 

lated horizontally onto the 4°  latitude, 5°  longitude grid. 

The relative humidity distribution for 800 mb shown in Fig. 3.14 

was computed from the dew point and pressure according to Eqs.  (1) 

through (3), where the 800-mb dew point was itself found from linear 

interpolation between the taped dew-point data for 850 mb and 700 mb. 
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2.    Height 

The heights for the 800-mb and 400-mb surfaces shown in Figs. 3.13 

and 3.20 were found from the heights of the 850-mb and 500-mb surfaces, 

respectively,  as well as from the values of the temperature at 850, 700, 

500, and 300 mb,  as shown below.    If T is an average temperature, the 

height of an isobaric surface z relative to that at a reference surface 

z    may be written from an integration of the hydrostatic equation as 

2 - Zo B |L^ cp^p) C5) 

where R is the ^as constant, g the acceleration of gravity, and p    the 

reference isobaric surface.    Selecting 850 nib and 500 mb as reference 

surfaces, we then have for the 800- and 400-mb heights the relations 

Z800 * Z850 +  1•480 m deg'1 T850 + 0'296 m de8~1 T700 + 484,9 ra 

(6) 

Z400 = Z500 + 4-843 ra ^S'1 T500 + 1-695 m ^S"1 T300 + 1784-9 m 

(7) 

Here the subscripts denote evaluation at pressure surfaces and the 

temperatures are in deg C [with the last terms representing the con- 

version to deg K as in Eq. (5)]. Specifically, the mean temperature 

between 850 and 800 has been written as (T- T.^ + T T700)» and the 

mean temperature between 500 and 400 nib as (j Tcoo + T^oo/' corre" 

spending to the assumption of a temperature distribution linear in 

pressure between 850 and 700 mb and between 500 and 300 mb, respectively. 

Winds 

The distribution of the observed winds at 800 mb and 400 mb shown 

in Figs. 3.15, 3.16, 3.21, and 3.22 were obtained by interpolation from 

the data published by Crutcher (1961) in the form of mean January cross 

sections, with subsequent linear interpolation onto the present grid. 
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These data are given for the northern hemisphere only, in view of the 

scarcity of even seasonally averaged wind data i,\  the southern hemi- 

sphere. To alleviate this, the average January geostrophic winds at 

both 800 mb and 400 nib were computed from the data of Crutcher and 

Meserve (1970) and Taljaard et al. (1969), and are shown in Figs. 3.17, 

3.18, 3.23, and 3.24.  It may be noted that the observed and geostrophic 

winds agree well in the northern hemisphere at both the 800-mb and 

400-mb levels. 

The wind in the Mintz-Arakawa model is computed on a "u,v grid" 

whose points are centered within the primary or pressure grid used for 

the other calculations. Values at the u,v grid points were found 

through a bilinear interpolation of the source data so that the first 

value falls at 88N, 177.5W, rather than at 90N, I SOW. Because of this 

staggered wind grid the maps of the zonal and meridional wind compo- 

nents should be offset 2 degrees south and 2.5 degrees east of the in- 

dicated grid. The latitude marked 90N thus indicates 88N in Figs. 3.IS 

through 3.18, 3.21 through 3.24, 4.15 through 4.18, and 4.21 through 

4.24, while there is no wind defined at the latitude marked 90S. 
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A ircff^cuir ^-rNjocirfM ac>flD^^c et m ^ * ^ ITNT^CC m^tNiflotrv Kc^r»iir Cf^^^cociAO- 
tr irm^^tTKo) c>rM^^O' «c >c ■* o fy •- tr K -• »r —««j* "> »/> «r *\ + mt + + C' m CJ ** t* ^^^^voruir • ••••••• • • • « * « « * • • ••••• ••••• ••••• • • • » * #••••••• 
fv Cc>crjCJMfM ^IT^^QD C'^a^rvi r^ir4ri>n*4 rgfr^^m i>jci^r>J^ 1^ a- fy m rvj o^ir^C'O^^^ 
(^ III llllllllllll «..p- -i I    I   I   I    I 

x IT a> — f- «r 0 t. « <v < »• c ir«C'c.'ir « K «o f" * cr. * <v o ci c rg r.. oc <NI (VfiaiNrn •»«««DooirKO« 
IT Ko^C'»?"" Mr^r»(\i MttCrg— ^ m o * IA ♦ c ►-«^- »«iv^l^o ♦^irir» inKh-^aa'x* 
• •••#•♦» ••••• •••■• ••#•• * « • • • ••••# • « « « • ••••«••• 

r- coccc-i«« < <f <■ ^ «r »l>^^^^, »<^*(v»i r. d**i' r-'C^tviir rO'-'M»' o,ir»-ccc-'-' 
? III llllllllllll >. >< IH l I l I l 

I o«vcr>f^,f if c »i f ^ poir«'!"»'" hrtr»'* iv<«>j»iir ffirirn^ *N*I>J* »iMff»<<cr. lr^. 
if <r». t !»•*.«>; i* ire^'ffC «■«rccff ff*»** ^-»l^w» «p-iirm* ^^-fCtf nhcfi^hCio« • ••••••• • » • • • ••••• ••••• •«••• ••••• • • • • • •••••••• 
f>J C C C t  »' M l»1 ^ IT ^  P ^ « IT IT * •>■ C f W Pi »i M 4- # ♦ CS »• C »" W IT ^ a ^. «»J -< e IT ~< o c c •• ~ 
t llllllllllll MM" I       I      I      I       I 

i i»s r c < i' 4 < ci'-rr-a. ruair^h ifrtf^c eircoc »i«,«r. mc occc + c c*^al^^l»■, 4 
IT. ("K «• a •* >f x eciNi<c>iiM < c ^ a if CNOKM C r. f C C rc«ir^ h IT » <c IM »<<OM<,O*O • ••••••• ••••• ••••• ••••• ••••• ••••• ••••• •••••••• 
f »•• c c t M M «■ *.ch<op> if 4 i»-, is M C^I^NN <•■ < ♦ 4 r. •< c •••(<■ ir POCIH«. Oir. MOCC»'-< 
C llllllllllll M M M I     I    I     I    I 

x ^ ^ c < c a «r ^C/Cv.if. « »cooc. <M 4 a. r. ^ K a < c if <RMN« tr«r. ax« MMIT. if. C44<L 
u <f t-1 <« r. p * a. i», h M e Ox<(ir. (s> -< * if. 4 * 4if. hca. 4MK«K K4«4e 0<cco«nir. c • ••••••• ••••• ••••• ••••• •«••• ••••• ••••• •••••••• 
IN. •-».»»•«^Nfr, *<*■** *(r, IM|\(M M«r4ir, IM «». 4   ♦ ■♦ <V MCMCir he&"«o «If. I^COOMOJ 
— I    I    I    I    I I    I    I    I    I I »1 •• »1 I    I    I    I    I 

x ea,«^«.ft,c »•«. ~ 4 <•■ ifo^oc o f t N c irif. M.ih ^ c IM if. e •« if « M »f. »■ if. -■ * 4 « * i». 
if. < 4 4 1^ <M «. « «air. «c oxmco ir. ir. 4»i»< h«K<Dir. M4c<r« «fsunmo «u if. -< c if. o <c <M 

P -. _ ,   M r. Mr, 4 If ^   ^  <£ 4ir, MfMC M4lf4ir ir 4  4 r. «M »lOKmif. h  O  C •-< C (blf. MCCCMIN, 
I    I    I    t    I I    I    I    I    I I »1 «< M I    I    I    I 

» •-'^«•flif'«» if^m«!»» if o-^o-c <M » 4 ^ •» o m »< ^ if\ «oifio'M4 »^^04 r» m • K o> ♦ o n 
ir 0 « c — 4 K — ir c if 4 •> f» ».» c «r o <c u « 4 cififir«^ a if». ■« ^ »A m c 4 m « ^iftMx^ocom • ••••••• ••••• ••••• ••••• ••••• ••••• •••«• •••••••• 
IN. »MMMltjlvin «-if .0 ^ f- if4<MMO IM4<04in l«44in<M 00(\iinir K 9-O •-C eDlfNCO»MlM 
<M lllllllllll MMM I     I     I     I 

■» in»C4if»« «p.a.MK »mMKto C4S44 o- if if i" <r M r> «n ^ 4 <M o C ff 4 o>MO>a>if>(rr>rg 
If — ft, (r  4  4 «" 4 »Oh-4<0 0>«n«MW (M •> m O « f- <n m If «ri O4O<04 »X 0- «•* <M • ^«(M(M4094 • ••#•••• ••••• ••••• ••••• ••••• ••••• ••••• •••••••• 
►. rg «s. M rw IM rv. IM «. * if r-c- « inin N o N if» « if f m « 4 in «M MOftunif K ae o x o a if <M o o «^ M rsi 
<M lllllllllll XMlM III! 

X lfP-49«C4 — <C X ft;— 4KC9M C 4 HOC 4 C CO r- 4 41 «r>»4iri 4 4 w o fti ino><»if«n4-<p- 
w. m«r>ifftia,if ff — m »» a. ft.«iMMfti ifi^^Mnoc «. — •< 4 ci •* ft; co * 4 -< f- M N «0 ««iriir. 4-.C4 • ••••••• ••••• ••••• ••••• •«••• »•••• <•••• •••••••• 
<M M fti ft. fM IM "" — Mi>Mfr>c C«4MLI M If• « If <r. (T 4 4 m ftl M O —' 1« If K CC t> -• C- «DlfMCO""(M«M 
1ft lllllllllll M -.— I  I   I   I 
art 

x <e m if in 0-< if m « M in a riMf««« 4<ifOx4 m — K^.« Kmo^no -««v^fti-o m » <o a 4 M o if 
If If c. O « « C> If C'«4ftilf — m CD 4 O NlfK4e> h-»^C— MMN«4 O If O «- 00 »r-4l«,4ftj — If • ••••••• ••••• ••••• ••••• ••••• ••••• ••••• •••••••• 
>» ft. (n ir ftj — — c »niircv e ^ 4 fti c- ftiif 4) if ir' mmmmiM •• o <» m if r^ a> o >• c vifNOOMiMra 
m lllllllllll MM». 1   1   1   1 

3 M ft. »f if «C p- m t C > Ct If inKNClf «ninMM4 a «C f» P- C OCKCDI- «4Ca)<M OIMrgO>90>0>C 
if KiniMifi». Mm 4rf>«4»C' •c<D4«o »««mco ♦ 4 M 4 «B M c «if M KNC-^C M»if«n4raM« • •••••#• ••••• ••••• ••••• ••••• ••••• ••••• *••••••• 
IM «Minf IMMCC C ftj if «■ O » r-if <M C «vif «if in m m m M M MbMmif « <c o> M M C if «M O O M «M «M 
4 I M lllllllllll' MM III! 

X ft- «■ M m <. 4 4 s«C40 Cifin«in if ♦ r. M c, 4 ft- 4 »• « m N- » ■> if » rg in » 4 ft(«if<no-o>«M 
if •if44»lfG O in CD «ft) »mOftlft. •4ft.t'« M»if«# MIMtnmo 4 O «B <V ftl ineifinifffttg« • ••••••• ••••• ••••• ••••• ••••• ••••• ••••• •••••••• 
K IMm^fttOOM OftJIf CBO ff • « »n O ftllf «If in m fg fv M M M O M m If « CD 0* M M 0* « <V O O M ft< ftl 
4 III M llllllllllll MM I      I      I       I 

X 9> M « 4 4 CT M C^ft-tnrv ft» If 4 4 c m o >* in M 4 4 <M O    - <n 4 ft-ft- ft» ft> » <0 M fti 4 in «C m m C 4 O 
if ♦ ee if m if c « « 9 4 « IM (M » ft- • if if o ^ « 4 »«or. o M«<e»« in o- 0» 4 4 ifiMinftiKiftm« • ••••••• ••••• •«••• ••••• ••••• ••••• ••••• •••••••• 
IM ft.<n(nrgCMM C M If • O C (B « m C ftl If If 4 <n IM (M M M M M C O IM 4 « ft. C M M » « IM C O M IM IM 
If III MM llllllllllll MM I      I      I       I 

x •■» e ». (M 4 IM ff o ft « « « a • « <f 4 ft. « IM M M o. IM o IM o a 4 • <n « 4 m M « ftt<Dom«crao 
if e> o- « m m 4 M ft, M « M IM ft- r» « « "M »m M m 4 M K • « m • • M m m m M o if if ^m«-*aDifin« • ••••••• ••••• ••••• ••••• ••••• ••••• ••••• •••••••• 
ft- (n :» m (M c M ftl M M 4 C O O » ft- 4 M M ♦ If 4 m in IM M O O O C C IM 4 « • O -« »• »«MOOMftJIM 
If III MM llllllllllll MMM I     I      I     I 

a 4 4 M if « 4 e ft. M » » IM if ft. m if ftj ft. in a M 1« 4 i'. « <n c 4 -• » « « « « « « « 0>Mft.ft-M4Oft- 
if M M » m <M « if M u if «• ^ 4 • •> ft- ft- o « « <M « * 4 O M ^ M 0- ft. ft- M in m iv « « ^4if. oc«4(f • ••••••• ••••• ••••• ••••• ••••• ••••• ••••• •••••••• 
ft. m < ir ft, o — IM IM t- »n K- o Mc<*ifN Min44<n m m <M c o CJOO»*4 « • O M M ^«IMOOMIMIM 
« I      I I      I                    M MM I      I      I      I      I I      I      I      I III MMM I      I      I      I 
M 

X ir4<MincifC if « ff  M « ft C <n If m 4 «D « C « 4 ft- m 4 4 « 4 » »n If. CO « ft- «0 m »Me.«ft-o«» 
if M IM » ^r ft. ft- ff aM4Cif — ee o »• m M ^ ♦ m <■ IM c if M p- m r» if IM K M * if » • ft-iri4o<D«in4 • ••••••• ••••• ••••• ••••• ••••• ••••• ••••• •••••••• 
ft- in 4 m ft. u M iv fti M fti K o <M M e- « m c «M 4 4 4 441M00 eooMin ««OMM »«IMCOMIMIM 
« I     I I     I                  M MMM T    I     I     I     I I     I     I     I I    T MMM I     I     I     I 

X 4 M ft, 1. — if c »4«lf4 If ff ft- » ft. » <n ft- M IM »MpCftJ » ft- ftl ff- M »/ifCCD •44««9j«9> 
if - m 0 if <•» » m «MififK ce on M c m if«if»K « m « if e- 4ifh-P-<M ft- m co 4 c ft-Minoft-4<Min • ••••••• «,••• ••••• ••••• ••••• ••••• ••••• •••••••• 
fti 1» 4 4 "M o M w iniMM«o IM is, M or ^ o IM 4 4 4 4 4 <M p o occem If «1 C IM <M »«MOOMIMIM 
f» I     I I     I                  MMMM I     I     I      I i     I     I    T 11 MMM I     I      I     I 

X >Mft-&4ffOoe fMccif 4M ft. c <o fti m « 4 4 CB » o ft. 4 « « N in • « if m in o 4 4 inC'4f»n<MM« 
HA MinMifiMuf» mn^mo if *> M c o 9«9«4 o IM © » « 4 if «o m « m IM M ct «n ft-ooMO«inMiM 
• ••••••• ••••• ••••• ••••• ••••• ••••• •■••• •••••••• 

ft- m 4 .r ft. o ft- m 4 IM o « M i», m (M » if c IM 4 if >f if 4 m o o o c o o «v tf «0 M IM »M aifftJc>o«4(MrM 
f- I      I I      I                    M MMM I      I      I      I I      I      I      I II MMM I      I      I      I 

Z * £ ,    2 * Z ZZZZZ ZZZZZ ZZZZZ Wt^tOM UI«/t«lttHlll MI/II/IMM «OUIWII/IMMMI/I 
r4CC'M«4 C- « <M « 4 O « ftl CO 4 O « IM » 4 C 4 • IM « O 4 CD M « C  4 «> <M « O4<0<M«O4ce 
CDCBCft-ft-«« «rif 44 4 m in IM IM IMMM MM IMIMIMinm 4 4 4 >f if «««KNtoaccs 
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3 »r-^^coo.- o-crtvoooc N^cmyO -t ■* •" tv <o h-o-*>-i- amtrr-* •»«^(Viirrg oa^oaotocr 
i/\ Krxj^oo^mfr ^»c^^-^ N r\j tr ^ ^ ^^Cir^* ^(v«»«c» «cm^«£Qr. ch-^t^ftj ^h-cer-^i^^O' 
• ••••••• • • « » •  ••••• •■••• ••••• ••••• ••••• •••••••• 

<v o»^fs.fNjfNim«t ir»r»irtrir      ^^cnry^^ CJ—•f^fSiCsj n^^r^f^ ^c^--*-« f^iri^c*^ ^orvjivrs.^cjO 
I I   I   I   (   I J   I   I   I   t I   I ^M^^ I   I   I   t   I 

x ^fM^^-^pgC' o^iTh-^ ai^iroc-* ^ir-4-^h- «oooi^^c* «^>t«'^<r (r-t^*-- ^^-^^m^-c^^ 
i/i 'Ot*'ir^^,K(r Nc^'Oi^^      oooD^r-oD ■♦«N-«»!^ rtKmcrvj trro — o*«' p-mtriv'-^ coflc^—^trso • ••#•••• •••••  ••••• ••••• • « • • • •«••• •••«« «•••«••• 
^ C'iriNrgrvjf ir^iC^ir «ifrv.' <"C c»<iNj»\i(vJ fi^irrfc r«. c w * * r. irirma IT - .^ ^ f>. ••• c c 

I I   I   I   I   I I   I   I  T   i I „-».,. I   l   I   I   I 

i i^*c«rirhor *otK«rci ~' tr. ir r ir i^o*'-<cr cich« j-corai« c o c ir ^ c^ir^-irffc* 
ir irir<eir9'9M »l^lrrlf c^ecciN' i' ^■e^'^l»' J-o^-'* ^•^c^^•■'«f, i/,o<t»(f i». »4 <« c <(■ ^ <c • ••••••• •••••  ••••• ••••• ••••• •#••• »•••• •••••••• 
rj c <»' N »M •-< -< c IT * h h < ir (•■ ri »i c c »< M W w c 4 IT ir c- ^J c ^J if oc f < if c c if ^ »< M f\ »1 o c 
»•I I   I   I   I   I I   I   I   I   I I ».^1»< -» I   I   I   I   I 

X «if. c, i«i«r>-<< r..M(\ff^< if ■>< « 0 c if. (T«r^>ct ■S4-*K<v/ c^ffc^•■ cc + ^rvj ir * if. ■* * f- « * 
if. •* < <e <• * rg if. or c er. f. if. C' M ci c c « < » * m if c c ir < ro 0 ■* h rj h- c j < c^ o, <■ o. 0 if ■ «c 4 
• ••••••• « t • • »  •«••• ••••• ••••• ••••• ••••• •••••••• 

K o -< M w »H -< r ^ h v oo K < ^ M c c •< ru m «M i>g f if. <c if en -< c fj IT oc M < ir ir. a if »< -1 rvj •-< -' c, c 
-* I I   I   I   I   I I   I   I   I   I I ^«».« 1   I   1   1   I 

X •— a, -< «c. < <-' c r o <•" <t c <r o •-< if. a, if. <i(.h>H ecir. 4^c f> c c «. a. «c rf) * if. P^ ry n. ». ^ ^ ^ IT, f» 
ir. r. <6<C<MC<if. oc cooorvjif o a. h c -1 if c a -< t <c ir, fh -e Q-tif.-c-c o 4 — r\. <s >M««ioa.«c.iSi 
• ••••••• •••••  ••••• ••••• •■••• ••••• ••••• ••#••••• 

<si CMrvifMotO'' <<• <. so 0 «c •* •*■ <v •-< c »« «-. »r in »». «•<«■*«.(" c -• c". if <s « j if c-i 9 if. «~ « •" o. •-< »i t 
INJ I                                                                                                                  I I     I     I     I     I I    I     I    I     I I «»«••«. I     I     I    I     I 

» Ciif. OOK". (»•h- i^Mtif. 1». fVi<\iC*< Cf-i^hO »-iMO-w«. O"-1 re»- oc(^JO^c -iu*co.«cff 
it. f\i«if, CKC»" otoo-tff^ 0^l«^fnm ^^f, *r-f>i fvjif, ♦a,m *•-^cc-^ ^«*rp- -<«<if4.«njc 
• ••••••• •••••  t • • • • •••■• •••■• ••••• ••••• •••••••• 

h Ci-<ivi«MOCi»< «r«affff f»-if. «'•«c »«« * i*1 l*" <if*ifim c M * * or »IJ*I\JO if .<-. c« »■'-<-< c 
IM I                            I                                                                           I I    I    I    I     I I    I    I    I     I I «»>••-< I    I     I    I     I 

x o« o » 0" >e <• »m»«!»»!»» o^cir* i-«o^*n ooh-fsi^« ^^^M-* r- O ^- «O O >o*flo*o>-<'t"' 
IT iMiftmeo^mK i«iifi»<m« OD «•-• oo o ocr-KM« •«<-•»* if\ o O-OIAPO^- ir^ooir »»cc^r-^"" • ••••••• •#•••  ••••• ••••• ••••• ••••• ••••• ««••••«• 
(M o -< M •- c o o m <c »■ o c co * * •< c "< m ♦ * »^ «if\<0mm OIM^^OO « m <!• M « «>HCJ>'»~<VO 
m 1                   1 — ** 1   1   I   I   1 I   1   1   1   1 1 „,.,*„ 1   1   1   <   1   1 

X KncDomooo- froDx(h<o f ■> if «%• * o> « <<■. 0 » o- IT * v0 OJ •* o- m <v •* OB ■n<aN<ca «ma>iexicira> 
ir •4mO>4m'#<«' »ooow« r-h-»«ifiw ^^o>*<0 *i-ir<oK iMaf-fgin pg-*mrgo- oowif-»fv>o-*tvi • ••••••• •••••  ••••• ••••• ••••• ••*•• ••••• •••••••• 
r- &•* ** — 00 o IM«ODCC< CT N in (M O '•m^^m w ♦ IT in PJ orsi^^oo « m m •< f» <fivor>-<-< — o 
m 1                   1 * •* 1   1   I  I   1 1   1   1   1   1 »M-i« 1   1   1   1   1 

x «"«oo^rj^o *wo** C'»MffO"" -"c^-cifi iravoBm Ner^MM <#m«'<iA opirw^oi^'rir 
m »• o m «v A) < * « if i m (v o * » «v * öD «CCK« <D«h-Mm -• f«. * o m ootrmir. m eot-Moa-om* 

U     rg o •"—•»< o o o (V if « C »< o to «0 m o •• <n »n ♦ m iv <M (*w M otv^^s oivrgOh- * r>j -< c c- •- •- c 
UJ     * 1                   1 •<-< -* I   1   •   I   1 I   1   1   1   1 «^ —-< 1   1   1   1 
1/1 

ic     x <\< in o m »» c o f» M fvi m 91 o & ^ m i-i >o M « N 4- (>■ K * » * «^oo^« ^itmonj ^oo^^amN—1 
•»    in »<^i"<flo««Min ^O^-^IM *-<inmr' ♦»o — N •«rgiMrüm n «0 * m c m^ooc^ c^^^^mm« • ••••••• •••••  ••••• ••••• ••••• ••«•• ••••• •••••••• 
o  f» OCJ — o o o CJ Ninh-o^M * o r* •* — »mmmm «g -< «M (<» w o -< w in p. C«"*OK iAri-<oo<--«o 
»•   ♦ !           I -4 MX I I I I I I I I I I I « w X x I I  I I 

s 
O     x (ft »■ «0 00 f« o ao m m p-« o mf-o^f» «0 m <« N oc mpgNh-^ r-x o c « >o x N m ro ee e-M c M « <c m 
ac    m •>■ m in ci o •< « o^Min* o^^moe <MO4in<0 -c o m 09 » c < m p- * «0 c" m <B * * in o >o m. •* ir. c 
K         • • .....   
S<M oooocoo M ♦ 1* 91 »« (MMOOinii «- * m in m — o o »-' <* CC<M«^- ©■ »< x o- ^ mmMOO—^-o 

mi II -« «"< 1  1   I  1   1 1  1   1   1   1 1 — — 1  1   1   1 
tu 
C 

x m in o * ■«• N- o e- c m m M fi in >» ■» <* K K m «v * «m^miM a> M ♦ p- 00 o r^ pg * « ^♦<s(C«(sj*a) 
_i     in -*o 00 **& & m ♦ r» (M ♦ in o ^ i-ufi M ^ OD « ^ O^^NIM «M ^ I»I oo ^ •.«99-1 »-o-<«*!ninoD 
4      . ....... .....      ..... ..... ..... ..... .••.« ........ 
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