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Wiawnain.-The month was the coldeet February in the central and 
southern portions of the State since 1885, and probably the coldest Feb- 
ruary on record in the northwestern counties. Although extremely low 
temperatures were recorded throughout the State, it  is generally believed 
that no damage to crops resulted, as winter grains and grasses were 
protected by an ample covering of snow. Stock were reported as  winter- 
ing in good condition.- W. .&I. Wibon. 

Wyotning.-The temperature throughout the State for the month WRS 

in excese of the  normal and there were no severe storms. A s  a result 
stock continued in excellent condition and very little feeding had to be 
done. The niild weather started the grass in some sections, so that a 
green tinge was given t o  the low places. A good supply of snow accu- 
mulated in the mountains of the western and northern portions of the 
State, but a marked deflciency existed a t  the close of the month over the 
southeastern portion.-W. S. Palmer. 

SPECIAL ARTICLES, 
DISPOSITION OF RAINFALL IN THE BASIN OF THE 

CHAeRES. 
By Geu. H. L ABBOT. U. S. 4.. rctired, dated Cainliridgc, Mas%, hlartll 4,  1904. 

The question of what becomes of the precipitation falling 
from the clouds upon a given catchment basin-what part es- 
capes through the channels of the streams, what part is erapo- 
rated, what is absorbed by plant life, ancl finally what part sinks 
into the earth as ground mater-has recei\yed niuch attention 
from hydraulic engineers by reason of its important bearings 
upon the water supply of cit,ies, the irrigation of arid regions, and 
the development of water power. To be of utility, such studies 
must be based upon long-continued measurements of the rain- 
fall a t  localities suitable to afford a true estimate of the arer- 
age precipitation upon the region in question eluring each 
of the different seasons of the year, together with accurate 
gagings of the outflowing streams during the same periods. 
For  a complete solution, further observations to determine the 
evaporation from land and water surfaces ancl the absorption 
of moisture by plants are desirable to furnish a check upon 
the values found for the other and more important elements, 
but the extreme difficulty of such studies has usually proved 
a bar to undertaking them. It must not be forgotten, how- 
ever, that a portion of the water apparently lost by infiltration 
into the earth may ultimately find its way into the streanis as 
ground water, and as such may be detected, a t  least approxi- 
mately, by a careful investigation of the ratio between clown- 
fall anel drainage in different seasons of the year. Even in 
this simplified form the labor and expense involved in the 
needful measurements have restricted their application to a 
few localities, and those generally situated in populous and 
temperate districts. 

I n  connection with their other technical investigations the 
engineers of the New Panama Canal Company found i t  obliga- 
tory to study some of these questions with considerable atten- 
tion, and this paper is written in the hope that the resulting 
facts ancl figures may prove useful in throwing light upon the 
more general problem of the ultimate disposition of rainfall. 

The Isthmus of Panama is zt locality specially favorable to  
studies of this character. Ice and snow, which have usually 
complicated such investigations, are here unknown. The re- 
gion is practically in its natural condition, densely covered 
with the luxuriant growth of the Tropics. The temperature 
of the air, which largely influences evaporation, hardly varies 
from month to month and from year to year, thus in a great 
measure eliminating one important element of relative iincer- 
tainty. Finally, the rainfall is excessive, and is sharply diricled 
between a dry season of three months and a rainy season of 
seven months, with two intermediate mont,hs of less marked 
character. This fact, as will appear later, has greatly favored 
the analysis. It seeins not iniprobable that results olhiined 
under so favorable conditions may not only be applicable to 
similar regions in the Tropics but may also throw light upon 
certain elements common to more northern latitudes. 

The district covered by theso measurements is the basin of 
the Chagres above Bohio, a t  which locality will be placed the 
lower reservoir dam creating a large lake to be traversed by 
shipping as part of the canal route. Under present conditions 
all outflow from above passes Bohio. The catchment basin 
is naturally divided into three subbasins, the lower extending 
to Gamboa, where the Chagres first joins the canal route; the 
middle extends thence to Alhajuela, where a second clam should 

be placed; the upper includes the valley above this point. 
The surveys of the Panama Railroad, supplementecl by those 
of the two Panama Canal companies, have well defined the 
watershed of the two lower subbasins, its well as the western 
a i d  much of the southern boundaries of the upper subbasin; 
hut a gap exist8s on the northern and eastern boundary of the 
latter where the line of demarcation is somewhat uncertain 
for a distance of about 35 miles. One point nearly in the 
inidclle of the unknown portion was determined by a recon- 
naissance made by a party of the Isthmian Canal Commission 
coming from the Sail Blas clistrict to the head of the eastern 
branch of the upper Chagres, ancl this point together with the 
well known general character of the district, low ridges sepa- 
rated by narrow gorges, have enabled the ill-defined part of the 
boundary to be laid down on the map with fair precision. All 
the rest of the entire watershed of the basin being accurately 
determined, no error can exist in the estimated area large 
enough to sensibly affect any practical conclusions to be 
based on the study. The following table exhibits, in statute 
miles, the dimensions of the basin, which is a hilly rather than 
a mountainous district, ancl much of i t  is covered with a dense 
tropical growth. The highest sumnits rarely if  ever rise more 
than about 1500 feet above sea level: 

~ _ _ ~ - - _ _ _ _ ~  ~ _ _ _ _ _ _ _ _ _ -  

Sulrliaciu. 

~ Arm.  1 p r r r c u t .  1 Lrugt11 1 JVltlttl. 

46 1; 1; 1 7; I ? 15 upper ...................... 3?0 
I\litttilr . . . . . . . . . . . . . . . . . . . . . .  130 1 1s 
Lower ...................... 25lJ 30 i 11 23 20 l i  

Before stating the general conclusions resulting from the 
study it will be well to consider in some detail the several im- 
portant elements upon which they are based. 

RAINFALL I N  THE BASIN ABOVE BOHIO. 

80 inany datii have been collected respecting rainfall upon 
the Isthmus of Panama that the monthly and yearly precipi- 
tation is well understood. The records kept by the Panama 
Railroad Company at Colon are nearly continuous since 1662, 
ancl those kept on the Pacific coast aacl a t  various intermedi- 
ate points by the two Panama Canal companies are nearly 
continuous since 1881. The figures were published in the 

Those specially valuable in the present study date f r o i  1895, 
when the daily measurements of discharge were extended to 
include Alhajuela, near the site of the projected upper clam. 
Unfortunately, they were discontinueel a t  this post in 1897 and 
1898, but were resumed in 1899 and are still in progress. All 
rain gages are read ancl recorded daily. The respective 
heights abore the ground in their vicinity are the following: 
A t  Colon, 30 feet; a t  Alhajuela, R feet; a t  Gainboa, 36 feet; st 
Bohio, G feet; and a t  La Bocn, 9.5 feet. 

What is needful in the present study is a knowledge of the 
average monthly rainfall in each of the three subbasins, from 
which that in the entire hasin mag be deduced. Bohio and 
Gainboa are near each other and at  the extremities of the 
lower subbasin; Gamboa and Alhaiuela are also near each other 
and at the extremities of the middle subbasin; finally, from 
the fact that  the Pequeni, the largest ancl most important 
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Basin a h r e  Bohio. 

branoh of the upper Chagres, heads near Porto Bello only 
about five miles from the Atlantic coast, where the condition8 
as to rainfall are similar to  those a t  Colon, it may be assumed 
that a mean between the recorded rainfall a t  Alhajuela and a t  
Colon will fairly represent the precipitation in the upper sub- 
basin. Introducing the areas of the subbasins, and reducing, 
the following expressions result for the rainfall, in millimeters, 
in the entire basin and for that above Gamboa as well; in them 
R, G, A, and C'denote rainfall, in millimeters, a t  Bohio, Gamboa, 
Alhajuela, and Cclon. respectively: 
(1) Rainfall above Bohio = 0.323 (0.G i% + 0.9 G + d + 0.7 C). 
('2) Rainfall above Gamboa = 0.5 (0.3 G + -4 + 0.7 C). 

The following table presents the rainfall, in millimeters, 
computed as above indicated for the several basins under con- 
sideration during the entire period of these stutlies. As rain 
records a t  Alhajuela were lacking in 1898 and in the first sis  
months of 1899, the figures for those months have been found 
by assuming that the rainfall in the upper subbasin is repre- 
sented by that noted a t  Colon. Similar check comparisoiis for 
subsequent months have shown that no important errors are 
thus introduced. Bold-face figures for May. 1902, indicate 
interpolations, all records being lacking for this month. 

TABLE l . -Awrnge  rai?dctll, in wiillitiielers. itc 1he bnsin qf the Chngres. 

Basin nbore c;amhoa. 

Jauaary . .  
February, 

140 156 39 19 464 16 147 99 152 81 15 2.32 14 99 
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Pear. . . . 2,91:3 
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27 74 43 16X 32 75 i n  24 71 1s 14s 2 2  65 
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4n:( .I:?? 2i'J 263 4 0 ~  3% 512 431 151 2'25 336 450 4111 
305 311 42s 241 350 361 395 30:; 320 391 ?W 376 3S2 
304 3:{0 3x1  271) 273 291 1ri 3 w  3; 340 26: 149 ?1i3 
334 372 455 341 356 361 255 5M 3ti0 454 317 340 3R5 
285 416 655 3SS 487 492 341 2SJ 3 0  657 4(15 ;X)J 429 
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_ _ - - ~ ~ - - - l - ~ p - - ~ -  
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OCTTFLOW FROM THE B4SIN ABOVE BOHIO. 

AIthough measurements t80 determine the discliarge of the 
Chagres a t  Gamboa and a t  Bohio were by no means neglected 
by the engineers of the old coiupany, they have been innde 
with much more system since the work devolved upon tlie 
receiver, and later upon the new company. The chief sta- 
tions have been Gamboa and Bohio and finally Alhajuela. As 
a result, a definite knowledge has been secured of the monthly 
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. 33 15 

. 285 295 . 13y 3i4 

. 5W 461 . 317 351 . 313 337 . 3+2 376 
Noreiiilirr I . .  . .. 321 X27 
December. ... .. 138 67 

Tear. .  . . . . . . . 2, 7'21 2, $63 
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discharges at the two first-named stations since January, 1890, 
and a t  Alhajuela since January, 1895, except for a few months 
when the work was suspended. 

These measurements have been made carefully by the method 
of floats, supplemented by self-registering water gages record- 
ing continuously the water level of the river. The discharge 
measurements have been made sometimes daily ancl sometimes 
on every third day, with frequent additions during freshets. 
Nevertheless. in a stream S O  subject to frequent oscillations in- 
volving excessive variations in the volume transported, the 
only satisfactory mode of estimating the continuous discharge 
is to study the relation between the height of the water sur- 
face and the correbpondiiig volumes, and thus deduce rating 
tables from which the discharge a t  short intervals, every two 
hours, can be determined. This has been done with great 
care a t  each o f  the three stations, and at  eacli the result has 
been to show that two rating scales should be framed, one ap- 
plicable to the river when the surface is sensibly unchanging 
in level, a d  tlie other applicable to sudden freshets when a 
huge wave sweeps down tlie channel. All rivers under such 
conditions carry at  any fixed level a much larger volume when 
rising than when falling, and this diflerence iuust be taken 
into account by adjusting the rating tables to indicate the 
average volume a t  each level. The great number of actual 
gagiiigs has rendered this adjustment a simple matter, and 
rating tables wholly independent of each other have thus been 
derived for the three stations. They are shown by the follow- 
ing formulie, that for Alhajuela based on 1599 gagings; that 
for Gamboa on 3147 gagings; and that for Bohio on 1851 
gagings. They have been framed either by the method of 
least squares or by an algebraic study of the platted curves 
representing the observations. The latter method has gener- 
ally proved to be the most satisfactory, since it recognizes the 
general Ism of continuity while the former teiids to follow the 
accidental departures from i t  of the observations themselves, 
often giving a slightly wavy curre. No arbitrary drawing of 
any part of the scale has been employed. I n  these formulze 
Q denotes the discharge in cubic meters per second, and C the 
height of water surface above inem sea level. 
(3) Alhajuela, Q =  - G + 58 ( C '  - 27.5)' - 1.6 ( C  - 27.5)3; 

(4) Alhajuela, Q = - 7 + 110 ( C - 28) + -10 ( C - 28)' - 1.8 
level sensibly unchanging. 

( c! - ! ? f i ) 3 ;  rapid changes of level. 

( 1 ' -  13)3; sensibly unchanging. 

( C' - 13 )'; rapid changes of le\ el. 

(5) CTambort, Q - 24 + 24 ( C - 13)  + 18 ( C -  13)' - 0.5 

(6) Gamboa, Q = - 26 + 40 ( f' - 13) + IS ( P  - 13)* - 0.5 

(7) Bohio, () = 4 7 P +  5f'' + Cy;  level sensibly unchanging. 
( 8 )  Bohio, f> = 62f' + 5C." + C3: rapid changes of level. 

A comparison of the volumes thus coniputed from day to 
day a t  the three stations leaves iio doubt as to the precision 
of this method of determining the relative ancl hence, prob- 
ably, tlie absolute discharge. Based on wholly independent 
data these volumes are found to be in perfect accord with each 
other, showing during quiet stages discharges slightly increas- 
ing froin station to station as tlie interrnedinte tributaries enter, 
and cluring freshets indicating the passage of the wave in a 
clear and natural manner. Of late gems this method by rating 
tables and autoinatically recorded river stages has been uni- 
fornily followed in estimating the average monthly volumes; 
but for some of the months prior to 1898, when hourly water 
height records are lacking, the estiinatecl volumes represent 
the means of the actual gagings, or in a few rare instances 
clischarges measured a t  tlie ndjacent station and transferred 
by well established ratios, for determining which the data are 
ample. The Engineering Magazine for December, 1902, gives 
the volumes since 1890. The following table exhibits in cubic 
meters per second the average monthly discharges for which 

4 , 3 2 4  
19 251 15 36' 7 11 77 
13 12 6 
44 35 1s 
51 128 27 clii 25 42 192 60 12 Y 26 73 

280 284 287 215 340 270 3-10 270 
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Year. .  . . 

192 102 25 453 168 
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152 7i 38 I R A  s5 
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J a n u a r y . .  
F e b r u a r y .  
March .... 
April ..... 
May ...... 
J u n e .  ..... 
J u l y  ...... 
August ... 
September 
October ... 
November 
December. 

corresponding rain records are available. The outflowing vol- 
umes from the three subbasins are estimated from those meas- 
ured a t  the three gaging stations, or rather from the differ- 
ences between them. 
TABLE 2.-&t&w, in cubic meters per second, from the bnain of the Chugma. 

~~ 

160 
48 
31 
57 
76 
95 

186 
150 

Basiu above Bohio. Basiu above Gamboa. 

18%. 181 .  1900. 1901. 1902. 1903. Means. / ! / I l l  
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-~ 
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30 
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XI 
46 
81 
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1Y8 
1 S7 
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60 
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67 
91 
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52 

32 
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55 
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90 
79 
78 
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- 
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28 
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5R 
69 
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150 
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17.8.  
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42 
28 
20 
16 
65 
7!1 

1 ?? 
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l i 9  
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J u n e  ........... 
Ju ly .  .......... 
August ........ 
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October . . . . . . . .  
November . . , . . 
December. . . . . .  

46 
29 
1s 
16 
.13 
73 
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155 

3 6  
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61 
63 
93 
69 
75 
53 
64 
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25. 7 
33.5 
57.6 
84. 3 
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13% 0 
130.3 
164.3 
3'26.5 
133.5 

27.7 
8S.O 

99 
27 
27 
30 
54 
70 
SO 
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i 5  

1,511 
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23 
15 
16 
38 
55 
95 
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Hi 
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li 
33 
54 
34 
"3 
44 

~~ 

29 
19 
13 
13 
50 
58 
I2 
81 
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89 
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61 
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79 
83 

1341 125 
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26 
20 
20 
4s 
61 
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2 . 2  
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67.8 
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69 
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i 3  

135 
86 

9 
3 
3 
5 
9 
9 

17 

;; 
21 
23 
11 

3 
0 
0 
0 
0 

11 
33 
21 
36 
37 
31 
11 

1 
0 
0 
0 
6 
9 
G 

12 
30 
27 
56 
3 

20 
35 
13 
I6 
34 
45 
10 

11.3 
2. 6 
2. s 
3.3 
5.0 

11.2 
17.2 
21. 2 
27.6 
30.6 
35.6 
15. 9 

January  . . 
F e b r u a r y .  
March .... 
April  ..... 
May ...... 
J u u e  ...... 
J u l y  ...... 
.4ugust ... 
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November 
December. 

33 
6 
2 
5 
6 

14 
66 
33 
19 
45 
76 
16 

10 
22 

1 
1 
4 

19 
32 
42 
30 
44 
44 
27 

12 
7 
6 
4 
8 

26 
64 
48 
4x 
70 
73 
30 

13 
9 
7 
3 

15 
21 
"8 
41 
61 
74 

184 
41 

1:, 
28 

Jo. 5 
10. 2 
3. 5 
3. 2 
6. 6 

lfi. 5 
35." 
35. 5 
35.5 
53. 7 
81.0 
40.0 

*Outflow for January February s u r 1  March 1899 estimated from that measurer1 at 
Black tigu;e.i fa; May, 1902, indicate ioterpulationy. Gamboa, the  ratio beiug ;ell linowi. 

A comparison of these figures with those for the preceding 
years will make it apparent that the river has recently been 
passing through a phase of minimum discharge, and it becomes 
a matter of interest to push the inquiry further in order to 
fully understand the regimen. Fortunately, this can be done 
from the fluviograph record of water heights a t  Gamboa. 

The instrument was established there in 1882, and a nearly 
complete record has been kept since that date. It is lacking 
for the year 1889, when the old canal company ceased operti- 
tions, and for some months in 1896 a i d  1897, for which the 
sheets were, unfortunately, lost. This leaves available three 
6-year epochs (1883-1888,1890-1895, and 1899-1903), for which 
have been accurately noted for each month the number of 
freshets and the total number of hours when the river rose 
above a level about 10 feet above the low-mater stage (17 
meters above mean tide). This level is the standard from 
which freshets are estimated. Below it the Chagres a t  Gam- 
boa is a quiet stream, with a volume ranging from about 500 
to about 11,500 cubic feet pes second; above it the discharge 
often attains 30,000 or 35,000 cubic feet,, and in great floods a 
masimum of nearly S0,000 cubic feet. Aknowledge of the 
number and duration of the freshets gives, therefore, a good 
general idea of the relative discharge in different months and 
years. 

The following table presents this information consolidated 
9-2 

in 6-year groups, together with the corresponding local rain- 
fall a t  Gamboa. These 6-year epochs are all complete, except 
for the river data in October, 1887, and May, 1902, and the 
local rainfall for the year 1895; for January and February, 
1883; for January, 1884, and for May, 1902. The sign + fol- 
lowing a figure in the table indicates that one month is miss- 
ing, and, hence, that approximately one-fifth part should be 
added when comparing it with other months. This correction 
has been made in the averages. 
TABLE 3.-Ntomber cmnd duration of frwhtts ut Gnntbon, with correspont1i)tg 

local ru i i~ul l .  
c 
a; I Totals i n  188%188S. I Totals in lr;BO-IS95. 1 Totals iu 189b1903. 1 2:. 

I I 

I- I-- 
Januari-  
Felbroaiy. ...... 
March. 9 

19 

J u u e  ........... 
J u l y  ............ 

October ......... 
August. ......... 
September. ...... 5'22 

November ....... 
l ~ e c w u b e r  ...... 

Totals . . . . . .__. I  I-I-- 3;; 12,:;: 

Annllal ....... 

3.0+ 3 27 
2.7+ 0 0 
1 . 7 t  0 0 

(4.2 17 136 
i6.8 7 54 
54.2 20 161 
93. 7 16 101 
fi3'6 6 47 
i9 .8  13 108 
82.8 13 15s 
53.1 21 465 

i08.5 11X 1,285 
101.6 I 20 

1 214 

y.4 3 2s 

--- 

1-1- 
8.O+ 7 108 
2.3+ 0 0 
6.1+ 0 0 

18.5+ 2 21 
m.4+ 3+ ?3$ 
49.0+ 3 5 
56.5; 6 35 
54.6+ 11 67 
5a.5+ 2 10 
m o t  7 52 
55..4+ 18 153 
.46.5+ 8 51 

95. 0 
9II. 2 1 F: 1 56!1 93 

--- 

It should not be forgotten in comparing these three groups 
that the first includes two flood years (1885 and 1888) and the 
second two flood years (1890 ancl 1X93), while the third has 
none, but as these floods nEect only the months of November 
and December, the evidence is still conclusive that the present 
is a period of exceptionally low water, caused by a rainfall 
below the general average. The investigations of the Isthmian 
Canal Commission have demonstrated that similar variations 
cGvering several years have occurred in Nicaragua, but there 
seems to be no annual correlation between the two districts. 
The fact, however, that the present is a low-water epoch for 
the Chagres should be borne in mind in considering the fol- 
lowing analysis. 

EVAPORATION, PLANT ABSORPTION, AND PERC'OLATION. 

There being no natural lakes in the basin of the Chagres, no 
attempt has been made to measure eraporation froin exposed 
water surfaces. L4 study of a11 available records where the 
conditions are approximately similar led the Cornit6 Technique 
of the New Panama Canal Coinpany to adopt. as the probable 
evaporation from the projected artificial lakes and the mater 
surface of the canal, 6 millimeters (0.24 inches) per twenty-four 
hours, ailcling for possible infiltration an equal amount. 

In  Nicaragua, where evaporation is an iinportaiit element in 
the problem of water supply for a canal, careful measurements 
were made by the Isthmian Canal Commission, both by the 
methods of pans floating in the lake and by comparative studies 
of lake level as affected by rainfall, inflow, and out0ow through 
the channel of the San Juan River. The conclusions are thus 
summecl up by Mr. A. P. Davis, the hydrographer of the com- 
mission: 

Observations by the pan method were macle in 1698, 1899, 
and 1900, some of them covering an entire year. The results 
ranged from a masimum of 8.13 inches in April, 1898, to a 
minimum of 2.03 inches in September, lS99, the grand average 
for ninety-four months being 4.28 inches per month, or about 
0.18 inch in twenty-four hours. He notes that the results 
were rather discordant, and, moreover, that the conditions 
affect,ing the pans did not duplicate those affecting the lake, 
where: "Except along the eastern shore the surface of the 
lake is thrown into billows, the waves often attaining a con- 
siderable height and being crowned with whitecaps, ancl the 
total water surface in contact m-ith the wind is much greater 
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than the level surface of the lake. Most of the lake surface 
must, therefore, lose by evaporation a greater depth of water 
than the pan.” Recourse was therefore had to  the second 
method, based during the dry seasons of 1900 and 1901 on the 
observed lake level, the rain records a t  eight stations, the esti- 
mated inflow, and the measured ouh¶ow by the San Juan River. 
The results in inches per twenty-four hours were as follows: 
For February, 1900, 0.21; for March, 0.22; for April, 0.18; for 
first half of May, 0.21. For the second year (1901) the fig- 
ures were, in February, 0.12; in March, 0.13; in April, 0.26. 
The grand mean was thus found to be 0.19 inch in twenty- 
four hours, which, it will be noted, is slightly less than that 
assumed by the Comiti! Technique for the basin of the Cliapes, 
but is in good accordance therewith. 

What is specially involved in the present problein is not 
evaporation from esposed water surfaces, but that froin the 
general surface of the basin. Existing clttta in tropical regions 
are insufficient to perinit a numerical estimate of the latter, 
but it is well known that the essential elements upon which it 
depends are the relative volume of aqueous vapor alreacly held 
in suspension in the atmosphere, the capacity for -whic*h is 
largely increased as the temperature rises, tlie greater or less 
agitation due to winds, the absolute atmospheric pressure act- 
ing inversely, and the nature of the surfaces presented to tlie 
air. The known conditions existing in the baHin of the C’hagres 
render it fair to assume that evaporation there must be ex- 
tremely uniform throughout the rainy months of tlie year, ancl 
that i t  can not be escessive in amount. Thus, the hygrometric 
observations a t  Colon macle by the old canal company in 1881, 
and those by the United States Weather Bureau in 1898, con- 
cur in indicating a relative humidity ranging within narrow 
liiiiits from 0.80 in the dry months to 0.87 in the rainy season. 
The winds of the Isthmus are gentle, rarely attaining a velocity 
of 10 miles an hour. The burface of nearly the entire region 
is covered by a dense tropical growth iinpenetrable to the 
rays of the sun or to rapid movements of the atmosphere. 
The barometric pressure is so nearly uniform that continuous 
observations covering the last four and a half years at dlha- 
juela sliow an extreme variation of only 0.13 inch, of which 
about 0.1 of an inch is represented by the normal diurnal oscil- 
lation. Finally, the temperature of the air harclly laries from 
month to month, or from place to place, throughout the eutire 
Isthmus, as is shown by the following 5-year records at Allia- 
juela and La Boca, confirmed by the aggregate records of about 
twenty-six years a t  Colon, Gamboa, Alhajuela, Panama, La Boca, 
and Naos, ending December, 1902: 

TABLE 4.- Obaeraed air te)~ig,rrat~crea on the I8th)nua. 

C! 
- 5 . M  
26.52 
26. i? 
3 . 3 6  
26. 11 
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These facts, confirmed by tlie above measurements of evap- 
oration from water surfaces in Nicaragua, which clo not ma- 
terially cliEer from similar series under like rainfall in temperate 
regions, support the assumption that whatever influence may 
be exerted by evaporation in the catchment bahin of the 
Chagres, it must be sensibly *constant throughout the rainy 
months of the year and, therefore, will not esert any consider- 
able disturbing influence upon the ratio between clownfall and 
drainage in those months. The same may be affirmed respect- 

ing the induence of plant life as it exists on the Isthmus. As 
already stated, these advantages, together with the absence of 
ice and snow, greatly facilitate the study of ground water as 
a function of this ratio, which became one of the special ob- 
jects of these investigations from its bearing upon possible 
percolation from the artificial lakes. 

GROUND-WATER FLOW. 

The study of the flow of water in natural channels involves 
no slight cliiEculties, as is well known to hydraulic engineers, 
Init the problems offered by the passage through the soil of 
that part of the rainfall that ultimately finds its wag to the 
sea by tliat route is rendered far more comples by the variety 
of the materials to be traversed, and by the addition of two 
new motive forces to the action of grayity when the laws gov- 
erning transmission are to be consiclerecl. These two forces are 
capillarity nncl therinal pressure as affecting both the fluid itself 
and the more or less compressible inaterials through which it 
fiiicls its devious route. Much progress has recently been 
made by experimental researches on the rate of flow through 
different inaterials, but the dificulty of certainly ascertaining 
the nature of these materials, and the possible esistence of 
fissures impossible to take into account, render too hazardous 
any attempt to make a practical application of these researches 
in any particular case. The general fact that water penetrates 
to depths of perhaps two miles and is in constant movement 
through the earth’s crust has been established beyoncl question 
by different lines of investigation, and notably by the fact that 
some streams increase very sensibly their volume in traversing 
districts where they receive no visible contributions; but the 
application of any theory of niotion to particular cases has 
hardly yet been reached in engineering practise. 

In  the case of the Panama Canal the question of ground 
water was raised by the claim of the opponents of this route that 
the creation of artificial lakes by daiiimiiig the stream might 
be rendered futile by reason of excessive percolation through 
the soil to be submerged. The same objection might be raised 
n priori against any proposed reservoir; and tlie geological 
formation of the Valley of the Chagres oEers every reason 
for believing tliat no such result is to be apprehendecl. Never- 
theless, since stream flow is a function of rainfall, evaporation, 
plant absorption, and ground water, ancl bince two of these 
varialdes must have nearly constant values in the Valley of 
the Chagres, it  seemed possible that a prolongecl study of the 
ratio between the rainfall and the volunie floming in the valley 
of the stream might throw further light upon the problem. If 
the result indicated that little or no ground water found its 
way to the river the possihle esistence of an undergronnd flow 
dangerous to an artificial lake would be suggested. If, on the 
contrary, the volume received through the earth should prove 
to be considerable, there woulcl remain little or no danger of 
serious escape from the lakes. The sharp division of the year 
into rainy and dry seasons would render the study of the ratio 
decisire on this question. Careful investigations hare been in 
progress since January, 1898, and the preliminary results ap- 
peared in the MONTHLY WEATHER REVIEW for June, 1900. Since 
that date the measurements have been continuous, and have 
now reached a point where i t  is believed that the evidence is 
conclusive that no important loss of water from the lakes is to 
be feared. Ground water has been demonstrated to be a very 
important element of the volume carried by the river. 

RATIO BETWEEN DOWNFALL AND DR.4INAGE. 

The available data, contained in Tables 1 and 2, have allowed 
the ratio between downfall and drainage to be studied during 
a period of six years for the entire basin, for the two subbasins 
above Gamboa jointly, and for the lower subbasin, and sepa- 
rately during five years for the two upper subbasins. The 
general formula for the entire basin, taking into account the 
areas of the three subbasins, is the following, in which the 
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Above Bohio, s i x  years. 

letters A, C, G, and R denote, in meters, the rainfall a t  the 
four observing stations of which they are the initials, Q de- 
notes the outflow in cubic meters per second a t  Bohio, D de- 
notes the number of days for which rainfall and outflow are 
considered, ancl R denotes the desired ratio.’ The numerical 
constant correlates the mile and meter units. The computa- 
tions have been made for calenclar months, periods sufficiently 
long to usually eliminate discrepancies resulting from t8he 
time elapsed between precipitation and direct outflow, which 
observation has shown to vary from twenty-four to forty-eight 
hours according to the locus of the rainfall. The formulw for 
the separate subbasins are easily derived from the general es- 
pression which is the following: 

Q x 3600 x 24 x D 
1610, (250 (t + G )  130 ( G  + A )  -+ _____ 

a + 2  330 (-4 + “? (9) R =  ~ 

For making the cornputmations this general espression may 
be placed under the following more convenient form, in which 
the unit for A ,  C, G, ancl fi remains the meter. and I I  rep- 
resents unity for a month of thirty clays, 1.031 for one of 
thirty-one days, and 0.934 for one of twenty-eight clays. 

Above Gamboa, s i x  years. 

71 Q 
R =  135 ( B  + G) + 65 ( U  + A )  + 160 ( A  + C) 

1.50 
0.67 
2.35 
3.5‘2 
0.51 
0.93 
0.41 
0.115 
0.68 
0. 71 
(1.51 

Similar reductions may be made for computing tlie ratio for 
the separate subbasins. The following table represents the 
results of these several coniputations applied to the foregoing 
data. It  should be stated that the columns of “ineans ” are 
not the numerical averages of the ratios for the difierent years, 
but are the quotients found by divicling the sunis of the cor- 
responding values of the numerator of forinu1:t (10) by the 
sums of the corresponding values of its denoininator. The 
‘‘ general average ” in like manner is computecl froin the 
(‘ means ” of the five basins, upon the same principle. 

Figs. 1-5 have been designed to preRent clearly to the eye the 
relative values of the more important data of Tables 1, 2, 4, 
and 5 as eshibitecl in each of the five basins under considera- 
tion. Their general conformity is manifest throughout the 
entire catchment area. 

CONCLUSIONS RESULTINCI FROM THE ANdLYSIS. 

To facilitate a study of these data it has seemed to be de- 
sirable to consoliclate them, and to present the outflow a d  
rainfall in English units, giving the former in the double form 
both of cubic feet per second and of the height in inches to 
which 1 square niile would be flooded by the flow. Under the 
latter form a direct comparison between the figures for outflow 
and rainfall, and between the different divisions of the basin 
can be macle, since varying areas are eliminated. This fir- 
rnngement is carried out in Table 6 ,  to which is atldecl for 
comparison the outflow for as many months as httve been well 
determined, together with the ratios as given in Table 5. 

Table 6 reveals niimerous important facts as to the regiden 
of the Chagres. Thus. a comparison between the outflow, es- 
pressed in inch-miles, during the period for which corresponcl- 
ing reinfall records are available and cluring the longer periods 
for which the outflow only is known, shows a well-marked cor- 
respondence throughout the entire year, the only discrepancy 
being for the month of May, and this variation is explained by 
exceptional freshets which occurred in 1890, 1891, 189% aiicl 
1896. Furthermore, it confirms the inference suggested 1)y 
Table 3 that this region is now passing through an epoch of 
minimum rainfall and outflow, since the longer periods indicate 
a larger outflow. 

Again, on comparing month by month the known rainfall and 
outflow in inch-miles, all five basins are in accord in showing a 
normal variation. To present t h k  more clearly to the eye, i t  is 
illustrated by two curves in fig. 6. The rainfall is a t  its mini- 

~~~~~ _______-~____- ~ ~ 

i. e. the ratio of the volume of rainfall to that of outflow. 

1.&5 
13.42 
3.23 
0.s1 
0.43 
(1.57 
0.43 
0. 74 
0.5; 
0. 78 
0.6’2 

TABLE 5.-Rat,io between downfall and drainage in the basin of the Chagres. 
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8. 75 14. 24 
2. 15 2. 66 
1. 17 1.80 
..... 0.44 
0.95 0. 63 
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0.50 0.57 
0.46 0. 61 
0. 75 0.72 
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zllum in February ; begins to increase rapidly in April, when the 
sun is passing tlie zenith, moving northward; esperiences a 
slight reduction in .June, when a t  the summer solstice the north- 
ern limit is reached; passes a first maximum in July or August, 
about the time of the second zenith passage; and, finally, after 
a slight reduction in September, when the ascending current 
of air inoves southward from the Isthmus, attains the maximum 
for the year in November, when the sun is lingering near the 
winter solstice ancl the moisture-laden minds from the Gulf of 
Mexico are sweeping over tlie Ibthmus. The outflow curve on 
fig. 6 clezllonstrates that this annual sequence is by no means 
reproduced in the outflow from the basin of the Chagres. The 
miniiiiuin for the year occurs in February or March, and the 
volume steadily increases until Nol-ember, with only a slight 
augmentation to mark the July-August epoch. The esplana- 
tion of this clearly-defined tliEerence between the two curves 
must be sought in the ground-water flow revealed by a stucly 
of the monthly rittios between downfall ancl drainage, as will 
appear below. 

Before leaving this important Table 6, i t  is well to note that 
the annual average rainfall in the three subbasins shows a 
maximum of 114.54 inches in the lo\+er, a next larger figure 
of 111.111 inches in the upper, and a minimum of !MU8 inches 
in the middle or hlhnjuela-Cf:tmboa division. Such differences 
are naturally to be expected froin their geographical positions 
relative to the Atlantic coast and the well-known reduction in 
rainfall as the Pacific is approached; but on comparing the 
corresponding outflow, another variation is apparent. The 
three values of the outflow corresponding to the above rainfall 
are, respectively, 4.86 inch-miles, 7.46 inch-miles, and 4.73 inch- 
miles. 

The ratio between downfall and drainage will now be studied 
in detail. Except during the dry season, when ground water 

This matter will also be considered below. 
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FIG. 1.-Basin alrove Bohio, six years. 
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FIG. &-Basin between Alhajuela aucl Gamlroa, five gears. 
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FIG. 2.-Basin above Gamboa, six years  
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dUZT 
FIG. 5.-Basin between Ganiboa and Bolrio, six years. 

FIGS. l-5.-Hydrology of the basin of the Chagres at dlhajoela, 
Gamboa, and Bohio. Annual variation in arerage tempera- 
ture, rainfall, outflow, and ratio between the two latter. The 
radius of the circle iudicates 3 0 O  C. of temperature; 500 milli- 
meters of rainfall; 250 cubic iiirtrrs per second of outflow and 
a ratio of u1iit.y between the rainfall and outflow, both espressed 
in cubic meters. The figures here plottecl are asfollows: Tem- 
peratures, from Table 4, coluiiiii 4: rainfall, from Table 1, 
coluiun of nreans; outflow, from Table 2, column o f  means; 
ratio, from Table 6, c o l u i ~ ~  of means. 

dd2- 
Frr;. 3.-Basin a11w-e Alhajuela, fire years. 
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_ _ ~  
January ........ 
February . . . . . .  
March .......... 

TABLE 6.-Azerage rainfall and out/low in the Valley of the chagrea. 

5 years 

4,061 
1,377 

R69 

~~ 

month, affords the best basis for a general discussion of this 
element. A curve representing the final mean has been added 
to fig. 6, with dots to show the corresponding values for the 
entire basin above Bohio, as given in Table 5. This curve, 
which is well worthy of study, demonstrates that the same 
conclusions result whether one or a11 five divisions of the 
valley are consiclerecl. 
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FIG. 6.-Hydrdogy of tlie basin of the Chagreb River above Bohio. 

The three curves of ineau iiionthly rainfall, outflow, aud ground water 
are drawn to the  b a l e  of i nc ' hes  on the left-hanu1 b i d e ,  and accord wit11 
the data given in TalIlr 7. The heavy curie, showing the ratio Lle- 

tween tho general average r a i n f a l l  and drainage for the five basins for 
the bix years is plotted a w o r d i I i g  to the bcalr of ratios on the left-hand 
side, aid acl~ordrwith the gruelel a\ erage given in Table 5. 

Bearing in mind that the masimuni normal value of the 
ratio is unity, corresponding to the hypothetical case that the 
entire rainfall of each month flows o f f  during that month in 
the channel of the river, i t  is at  once apparent that ground 
water plays a most important part in the regimen of the 
Chagres. The soil of the valley must act like a vast sponge 
and raclicdly modify the rate of flow. I n  May, just after the 
end of the dry season, the ratio has its minimum value, about 
0.3, the soil then being probably nearly or quite drained of 
its reserves. From this date the ratio continues gradually 
and steadily to increase, indicating a larger an11 larger volume 
of ground water escaping to the stream until, in November, 
when the outflow reaches its inaximum, exceeding 12 inch- 
miles per month, the ratio becomes about 0.75. Then follows 
the dry season, when the rainfall soon becomes only about 1 
inch-mile per month, but the ratio continues to rapidly in- 
crease to n maxiinum, in February, of about two units, indi- 
cating that the flow is then maintained almost wholly by 
ground water. From this masiinum the ratio rapidly falls to 
the minimum, in May, by reason of the gradual failure of the 
ground-water supply. Incidentally, i t  niay be remarked that 
nature thus provides an efficient ancl precious reserve to meet, 
in part, the needs of the canal. This matter is so important 
that  it merit8 nn analysis in figures. 

The first step is to form an estimate as to what is the normal 
ratio between downfall and drainage when there is no flow of 
ground water. Table 5 presents 23 independent determina- 
tions of this ratio for the minimum month (May), giving an 
average value of 0.30, with n probable error of 0.03. As this 
value is not inconsistent with what investigations upon other 
streams of similar size ancl character of catchment basin would 
suggest, it will be adopted for the Chagres. While nothing 
is better established than that this ratio is subject to consid- 
erable variations, even in the same district, dependent upon 
whether the rainfall is gradual or comes in violent downpourp 

, 
~~ 

I Lower sulblta4u (liainboa-Bohiu), 250 square milrs. 
-~ 

6.69 
1.62 
0.6? 

1. 08 
2.67 
4. $2 
4. i3 
fi. 12 
$1. 06 

13.51 
7.13 

54,40 

0. 35 

__ 

- 
1.00 
1. 58 
0.40 
0.15 
0.11 
0. 24 
0. 39 
0. 3s 
0.47 
0. 59 
0. 78 
11. 94 

~- 

1,403 
SLY 
144 
1 i 6  

1,073 
I ,  1)94 
1.6i6 
2.1H9 
2,103 
2,724 
3,510 
0 57" 

-- I 1,552 

6.40 
1.02 
1.5'2 
?. 96 

10. 20 
10. 50 
12.38 
12.5fi 
12.57 
14.24 
16. s4 
7. ?" 

6.61 
0.98 
1.54 
3. 35 

10.15 
10.84 
14. 8'' 
15.35 
11.93 
14.96 
17.09 
6. 92 

58.53 1 86.4? 1114. 41 114.s4 ..... Tear ....... 

- 
latiu 
~- ~ 

1. 14 
0. i 9  
0.86 
0.33 
0. 15 
u. 3.7 
0. 44 
(I. <% 
0. i 6  
0. i l  
0.74 
0. 83 

I-- 5 years. 7 years 14 yrs. 5 years. 6 years 1 1 . 1  __ -~~ 

1.59 I ....... . I  '- 293 ........ 3.44 
133 ........ 0. 74 
129 ........ 0.88 
96 ........ 0.9i 

,h4 ........ 1.57 
746 ........ 3.39 

r r 8  ........ 6.64 

-. 
227 ........ 5.39 

January ........ 348 
February ....... 92 
March .......... 99 ....... 113 

177 

Julv 

1.07 . . . . . . .  
1.14 ........ 
0. i l j  . . . . . . . .  
6.75 ........ 
G . 4 0 ~ . _ _ _ . _ _  1 
6. 14 
6.90 1 : : : : : : : : l  Auius t  ......... 749 

September ...... 9i5 
October.. ....... 1,081 
November ..... .I 1,257 

Auius t  ......... 749 
September ...... 9i5 
October.. ....... 1,081 
November ...... 1,257 
December.. .... . I  558 

993 . . . . . .  8.37 

....... 4.95 

1,049 I... .... .I 
1, ;;; 1 : .  ..... . I  

8. 53 1 . .  . .... 
9.31 1 ........ 1 
SI:;; 1 :  ...... .......I December.. .... . I  558 

Tear . .  ..... . (x  
- ~~ 

! 
67.24 I... .... ...... ..... 

- 
Upper .iuhba~in (above Alha,juda), 320 square miles. 

_- 
1.89 
2.63 
2. 06 
1. 27 
0. 46 
0.63 
0.5" 
0. i 9  
0. 73 
0. i4 
0. 69 
1. w 

~~ 

4.25 

1.111 .... I 
2.23 ....... 

11.1s i... ..... 
10.51 15.99 1 . . . . . . . . I  
12.83 1 . . . . . . . .  ' 
12.05 . . . . . . . .  
1.425 . . . . . . . .  
15.90 . . . . . . .  

. . . .  

....... 

1.47 ........ 

2,395 . . . . . . . .  8.02 
945 ........ 1 2.89 1 
ti43 . . . . . . . .  2.27 
931 ........ 2.90 

3,646 ........ 5.11 
1.945 ........ 6. fi7 
2,257 ....... 8. .37 

. . . . .  . I  10. 14 

3 8% 10.51 
3: 349 13.06 
2,926 10.75 

. . . . .  

. .  

5.95 ...... 
6.79 . . . . . . . .  
8.15 ........ 
9.65 . . . . . . . .  
8.32 ........ 

. . . . . . .  

........ 

........ 
2,086 , . . . ..... 1 ~ 9 . ~ 1  1 ss.si ........ 1111.91 1 . . . . . . . .  1 ...... 

_ _ _ _ _ _ ~  
gives fictitious values exceeding unity, the monthly curves in 
the five basins are so nearly parallel that the grand mean given 
in Table 5, exhibiting the average variations from month to 
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and upon other causes, it may be hoped that in this case 
observations have been continued for a period long enough 
to effect mutual cancelation among the variable elements to  
an extent sufficient to justify general conclusions from the 
following computations. Nothing more is claimed for them. 

Upon the assumption then that in the Valley of the Chagres 
the normal value of the ratio between downfall and drainage, 
when there is no 00x4 of ground mater, is 0.30, the portion of 
each monthly outflow attiibutable to  direct rainfall may he 
computed, since it is the product of the measured monthly 
outflow by the quotient obtained by dividing 0.30 by the ob- 
served value of the ratio for the corresponding month. Tlie 
difference between such outflow and taliat directly measured 
will represent the volume attributable to ground water. The 
following table exhibits the results of such a computation 
applied to the mean outflow past Bohio during the six years 
recorded in Table 6. I f  0.3 should be consiclerecl too siuall a 
value for the normal ratio when no ground water is flowing, 
it should be borne in mind that the only effect of an increabe 
would be to reduce tlie estimated volume of the latter without 
effecting the essential fact that  i t  constitutes a real aud very 
important element in the regimen of the Chapes.  For  ex- 
ample, i f  the normal ratio be assumed as 0.5, which is probably 
excessive for this heavily wooded region, the computed volume 
of ground water in November, the maximum month, will only 
fall from 4800 cubic feet per second to 2666 cubic feet, and 
the corresponding volume of direct flow will only increase 
from 3200 cubic feet to 5334 cubic feet. Such a change has 
no important bearing upon the funclamental fact of the real 
fl0 w. 
TABLE 7.-hfetrns .for 8i.r 71ecirs i l t  the bnsiii nbore Bohio. 700 sqttnre tniles. 

Iuvhcs. 
January ......... 5.7s 
Fehrosry. ....... 1.06 
March ........... i 1.34 ~~ ~ 

April ............ 
J~~~~ ............ .~ 10.63 
July .............. 15.51 
August ......... .i 14. 21 

OctoDber. ......... 14.21 
Noreiril>er ...... . I  17.01 
December.. . . . . .  . I  6.92 

hlay ............. 

8eyti.nrber ....... I 11 .45  

Tear . . . . . . . . . ._I  111.54 

1uc.h- 
in ilen. 

~~ 

1. io 
0. ?i 
0. Yl i  
0.  37 
3. 14 
3. "4 
4.72 
4. 18 
1. 3s 
3. 16 
5. IO 
2.  u5 

31.67 

On fig. 6 mill be found a curve showing from month to iuontli 
the volume attributed to ground flow as contained in Table 7. 
It is reasonable to suppose that the gradual ancl lbrogressive 
filling ancl emptyiiig of tlie subterranean resen oir, ab rainy 
and dry seasom succeed each other, should cause a gradunl 
progressive flow of ground water of like character, and this 
the curve certainly indicates. I t  may, therefore, he fairly 
claimed that it offers intrinsic evidence of its approximate 
accuracy. A comparison of dates shows that the rainfall clur- 
ing these six years attained its masimum in November ancl its 
mininium in February, and that the corresponding values of 
the ratio between downfall and drainage (Table 5) occurred 
respectively in February and May, or  three months later in 
each case. Furthermore, the rate of increase of t,his ratio from 
month to month is less rapid a t  first than later, as would nat- 
urally be expected to result from the prolonged dry season 
during which the accumulated supply is slowly finding its way 
to the river bed. These facts perhaps suggest that the aver- 
age rate of flow through the earth may be such as to require 
about three months to attain the  river. 

Finally the results of the analysis certainly demonstrate 
how groundless are the apprehensions that serious leakages 
may occur in the artificial lakes which form a part of the 

project. Manifestly, if important drains other than the bed 
of the river existed no such normal flow of ground m-ater 
throughout the entire region is conceivable. The opinions 
of the geologists of the company are amply confirmed. 

That a nioderate percolation exists through the lower part 
of the tertiary deposit that fills the ancient gorge a t  and 
abore Bohio is well known, and it is not without interest to con- 
sider what light this analysis throws upon its importance. 
Table 6 supplies tlie data. By regarding only the anuual 
means, all complications resulting from ground water are 
eliminated, and as outflow per inch-mile and rainfall in inches 
are directly comparable conclusions may be formed from a 
simple inspection of the figures, which are here repeated for 
convenience of reference. 
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there consumed in the chemical changes in progress. The 
data available are insufficient to render it possible to differen- 
tiate between these three kinds of loss. 

Table 7 is in a form to facilitate this study, and from it are 
extracted most of the items in the following table, which rep- 
resents the entire catchment basin above Bohio during the sis 
years for which complete data are available. The residue 
iounci by subtracting direct flow and ground mater from rain- 
fall is denominated evaporation, which is classed as negative 
when the rainfall becomes less than the outflow, by reason of 
g r o u d  water. 

TABLE 8.-Dia~~osilio~i of ruin.fu11 iii the 17dle,y qf the f7htrgrr.q. 

January.. ................... 5.74 
February ................... 1.06 
March ...................... 1.31 
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J u n e .  ....................... 10.63 
Julv ....................... 15.51 
August . .  .................... 14.21 
Septriuber ................ 11.45 
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November..  ................. 17.01 
Deceluber ................... 6.9’2 

Tear .................. !- 111.54 
I 

~~~~ 

I 6 w t .  

1.70 
0. ”7 
(1. 36 
11. :E 
3. 14 
3. w 
4. 72 
4. 1s 
3. 38 
3. 16 
5. 10 
2. OS 

31.67 
~ ~~ 

1 

I’rrrmt tlf 
raiu1’:xIl. 

~~~ ~ 

........... 

........... 

........... 
:i 6 
ti3 
5.i 
:,3 
43 
:;I; 

36 
25 

........... 
34 

~ 

It is to be noted that the monthly estimates for evapor a t’ ion 
in Table 8 are subject to the criticism that the ground-water 
flow due to rain falling in previous inonthx is incluclecl in the 
computations for each month, and must Titiate the results. 
I f  the rate of flow through the ground were definitely known 
this error coulil be corrected, but this is a refinenient too un- 
certain to be attempted. The steady clecrease in the percent- 
age column from month to month in the rainy season is cloubt- 
less due to this cause, and the value for June ancl July, nlien 
there is little ground mater, is, say, about 55 per cent, which i\ 
probably quite closely the average for the entire rainy season. 
Tlie average value for the year, 31 per cent of the rainfall, is 
not vitiated by ground water, as i t  represents a complete cycle, 
and its small figure is clue to the absence of surface water to 
be evaporded in the dry season. The reduced liumjclity then 
observed confirms this view. 

It would appear,-therefore. from this study of the rainfall 
above Bohio, that the annual loss 1)y evaporation (as above de- 
fined) averages 3.18 inch-miles per month, corresponding to a 
flow from the entire 700 square miles of 1995 cubic feet per 
second, to compare with 1657 cubic feet of direct flow and 
2117 cubic feet of ground-water flow. I n  other words, of the 
entire rainfall about one-third disappears, another third flows 
off directly by the channel of the Chagres, and the remaiving 
third, after a retardation of perhaps three months by its 1ms- 
sage through the soil, ultimately reaches the bed of the river 
as ground water. 

Furthermore, the 3.18 inches lost inoiitlily by eraporatioii 
correspond to a daily loss of 0.11 inch; and as this applies 
to the general surface of the country, not to water surfaces 
directly exposed to the atmosphere, it is in good accord with 
the measurements above quoted macle by the Isthmian C‘anal 
Commission in Nicaragua where the cliinatic conditions are 
quite similar. Such figures certainly show that the high liu- 
midity observed on the Isthmus is easily explained. notmith- 
standing the large capacity for moisture in air of such high 
temperature. 

To enable R comparison to be made between these results 
and those noted in more temperate regions, advantage is taken 
of the summary for 12 American streams given in tlie able 
paper on the “Relation of rainfall to run-ob,” by George W. 

Rafter, which forms “Water supply and irrigation paper,’’ No. 
80, of the United States Geological Survey, 1903. The avail- 
able data respecting these streams were not sufficient to per- 
mit a quantitative estimate of the ground-water flow, but Mr. 
Rafter in his general summary of the subject states the fol- 
lowing conclusions, which are amply confirmed by the Chagres 
records: “When rainfall is below the mean for sereral months 
gro~ind water may be espected to become continuously lower, 
with the result that the flow of streams will be less.” And, 
“The ground water must be taken into account in order to 
anclerstancl all the peculiarities of flow. A very important 
effect of forests is in increasing the ground-water flow.” The 
following table is abstracted from that on page 99 of A h .  
Rafter’s paper, the unit being inches per q u a r e  mile of the 
bnsin. The fignres for the Chagres are repeated for conve- 
iiieiice of comparison. 
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I n  round numbers, therefore, it appears that the valley of 
this tropical river has about 3.5 tiiues the rainfall, about 3.3 
times the outflow, and about 1.5 times the evaporation char- 
acterihtic of the northeastern pcirtion of the United States, and 
that groun(1 water probaldy plays a iuuch more important 
part in the regimen o f  the stream. 

Nom that the Panama Canal is about to pass under the con- 
trol of the United States i t  is proper to state that to the wise 
forethought of Monsieur Maurice Hutin, the Director General, 
and of Monsieur Louis C’horon, the Director of Investigations 
and of Construction, is clue the creclit for the exceptionally 
complete system of observations which renders possible a close 
study of every element involved in the preparation of the final 
plans for the completion of the canal. Such data is of vital 
importance, and could only have been secured by long years 
of labor. 
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