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UNITED STATES ENGINEER OFFICE,
Detroit, Mich., October 17, 1881.

GENERAL: I have the honor to transmit to-day, by registered mail, the
manuscript of my traunslation of the hydraulic work entitled ¢ Ueber
die Wasserabnahme in den Quellen, Fliissen und Stromen bei gleichzeit-
iger Steigerung der Hochwisser in den Culturlindern,” (On the decrease

~ of water in springs, rivers, and streams contemporaneously with an in-
crease in height of floods in cultivated countries,) by Gustav Wex, im-
perial and royal ministerial counsellor and chief engineer of the improve-
ment of the Danube at Vienna.

This work is known as the first treatise of the author on this subject.
Since its publication in 1873, he has been knighted. I translated his
second treatise last year at your request, and it was published at the
Government Printing Office. -A copy of this translation came into the
hands of Sir Gustav Wex, whereupon he wrote me a very kind and
courteous letter of thanks for the trouble which the translation caused
me, and at the same time expressed his high appreciation of the honor
which had been conferred on him by our Government in publishing the
translation. At the same time he sent me a copy of his first treatise.
I was informed by you that if I would translate this also, my translation
would be published.

This work is especially important, since it not only completes the
former translation, but contains very interesting information concerning
the improvement of the Elbe River, which I doubt if many engineers
have heretofore been able to obtain.

Very respectfully, your obedient servant,
G. WEITZEL,
Major of Engincers.

Brig. Gen. H. G. WRIGHT,

Chief of Engineers, U 8. A. Washington, D.C.
[INDORSEMENT. ]

OFFICE OF THE CHIEF OF ENGINEERS,
UNITED STATES ARMY,
October 24,1881.
Respectfully submitted to the Honorable the Secretary of War, recom-
mending that the translation be printed at the Government Printing
Office, and that 500 copies be furnished on requisition from this Office.

H. G. WRIGHT,
Chief of Engineers,
Brig. & But. Maj. Gen.
Approved:
By order of the Secretary of War.

"JOHN TWIEEDALE,
Acting Chief Clerk.

OCTOBER 23, 1881.
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INTRODUCTION.

It is universally known that our earth passed through powerful revo-
lutions and transformations during its earlier periods, and there can be
no doubt that, even at present, important changes are taking place on
its surface. These are, however, no longer on so grand a scale nor so
powerful, and even if they are constant, mostly take place so gradually
that they are scarcely perceptible to the living generation, and can
generally only be observed and established by observers who are sup-
plied with scientific means of assistance. .

A combination of kindred observations, a comparison of observations
and plotting of the stages of rivers during periods of many years, and
the results of thorough study which I made upon this subject, furnished
me with many proofs of the continued decrease in the discharge of springs
aswell as inthe creeks, rivers, and streamns in the greater part of Europe,
in those countries which have been cultivated during the historic period,
and particularly those which are now or have been recently under cul-
tivation.

It must be clear to all that such a continual decrease in the water
supply must be considered as a very important hydrographic change of
the earth surface.

If it is constantly kept before our eyes that neither vegetable nor
animal life can exist without gathering water from its immediate neigh-
borhood ; that the richest lands owe their wealth and consequent abil-
ity to sustain a numerous population to this benevolent element, and that
man, among all living beings, consumes the most fresh water in all possible
forms and employs it for the greatest variety of purposes, it will be seen
at once that the question here is not to discuss a phenomenon which is
alone interesting to a friend of natural sciences, but to establish a fact of
the highest practical importance. It concerns furthermore the inves-
tigation of the causes and effects of an evil which, if it gains the upper
hand, will place in question the existence of future generations in the
most thickly settled and richest in cultivation of all the abodes of man.
The once rank and fruitful lands of Persia, Palestine, Greece, Sicily,
and Spain, which are already partially arid and waste, bring before our
eyes the saddest illustration of this.

If this continual decrease of the quantity of water which is poured
upon and flows on the surface of the earth, and which has been estab-
‘lished as a fact by us, were the result of natural forces at work in an
unknown manner, there would remain nothing but to allow blind fate
to reign and to consign future generations to their inevitable doom.
This is, however, fortunately not the case. I believe that I may posi-
tively assert, as the result of my investigations, that the above-men-
~ tioned phenomenon in cultivated countries is mainly if not entirely due
to events which are recorded in the history of culture. These are the
effects of the works of man on the aspect of that portion of the earth’s
surface inhabited by him which, although apparently quite trivial, must
not be underrated. I refer particularly to the selfish and thoughtless
manner of reaping the products of the soil and the improper change in
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the form of the surface which has thus been robbed. It is therefore
possible to prevent, or at least to prolong, the threatening calamity
through an incalculable period of time by a rational effort and by a
unanimous, tireless resistance on a suitably great scale.

It is the duty of living generations, after being convinced of the
presence of this evil and the possibility of its cure, to take hold of this
work and mark out the path for its improvement for the next genera-
tion. I can assume this to be the opinion of every one who recognizes
in himself a member of the human family; who does not wish to repay
with base selfishness toward his successors the great multitude of
good things for which his gratitude is due to his ancestors, and one who
18 fully impressed with the truth of the maxim that states are instituted
and created to secure the welfare of the whole of its members for all
time.

This treatise is therefore particularly addressed to the higher govern-
ments, and particularly to those branches of them to which are intrusted
the care of the national economical interests of its inhabitants. For it
lies in their province, and it is their duty, to cause such measures to be
adopted and placed into execution as the magnitude of the danger
requires. They alone can undertake the work with prospect of success
by keeping the distant end steadily in view, and by means of the power
of the government pressing measures vigorously, which should be of
sufficient magnitude and harmonize clashing private interests.

I feel too that I should, before all, submit these results of my studies
to the examination and criticism of my esteemed colleagues and gen-
erally to all friends of the natural sciences. For my single note of
warning would be like a voice in the desert if the facts and conclusions
which led to this phenomenon were not thoroughly examined and
found correct by competent authorities from as many different places as
possible, and these did not warmly recommend to their higher govern-
ments the execution of the measures and means which are recommended
to prevent the continuance of the evil.

I desire particularly a thorough criticism of this treatise by my
esteemed colleagues, for the reason that engineers particularly: come
more into contact with large owners of land and forests, large manu-
facturers, and generally with persons who devote, in their own interest,
a greater attention to national economical questions like this, and have
more occasion and are better qualified to judge of them. This is par-
ticularly true of hydraulic engineers, who are so situated that they can
give my theory practical effect by giving due consideration in their
projects for and execution of river improvements, aqueducts, and other
hydraulic works, to the continued decrease in the discharge of flowing
water. If they do not, their works will after a few decades no longer
be suitable for the purpose for which they were built, or will be consid-
ered as failures, as I will show to have been the case in several large
hydraulic constructions. )

In this treatise I have presented the proofs of the decrease in the
height of stages and discharge of streams in such a detailed and
variegated manner for the only reason that, in verbal and written con-
ferences on this subject with colleagues and several naturalists, I have
found several who oppose the conclusions which I have drawn from my
researches. I therefore found myself induced, in this treatise, to men-
tion and combat the objections and counter-arguments of these oppo-
nents.

In conclusion, I take the liberty of remarking that I ought really, as
bearing upon the natural formation and flow of waters, at first produce
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proofs of the decrease in the supply of water flowing from springs.
There have up to the present time, however, been only a few reliable
measurements made of the discharge of springs, and no reliable conclu-
sions could be drawn relative to the conditions of discharge of the springs
which number millions, even if these measurements had been made at
hundreds of them. I will therefore furnish the data relative to the con-
ditions of discharge of the larger streams of Europe, and from these can
be deduced the discharge of the springs in their basins as a whole and
in a reliable manner.

I. DECREASE IN THE HEIGHT OF STAGES IN RIVERS AND STREAMS
AND THE RESULTING DECREASE IN THEIR DISCHARGE.

‘While engaged in preparing projects for the improvement of several
of the larger rivers and streams situated in nearly all the crown lands
of the monarchy, to which duty I was assigned by the Imperial and
Royal Austrian Government, I first studied the relative discharges of
these rivers, and found in almost every case a considerable decrease in
the heights of the stages of these water-courses from those that had
been observed many years ago.

This fact had already been observed by several naturalists, and they
had based the opinion on it that the discharge of many rivers and.
streams seemed to decrease. The correctness of this opinion was, how-
ever, doubted and combated by many other naturalists, and particularly .
by several hydraulic engineers. I will therefore first enumerate the
views of the latter, and afterwards oppose them by tabulated observa-
tions taken on the chief streams of central Europe during periods of
many years.

Mr. Hagen, the royal Prussian chief privy counsellor and chief
director of public works, in the third edition of his hand book on
hydraulic art, published in 1871, doubts the correctness of the gauge-
readings heretofore made on rivers and streams, and the conclusions
drawn therefrom relative to the decrease in their discharge, and bases
his opinion to the contrary on the recorded gauge-readings taken on
the Rhine at Diisseldorf since 1800, a period therefore of 71 years.

Mr. Hagen calculated the arithmetical mean of the daily gauge-read-
ings for each year, that is, the mean annual gauge-reading, and plotted
those (but unfortunately on a very small scale) together with the highest
and lowest gauge-readings of the year, from which he asserts that it
follows that a considerable decrease in discharge has not taken place.

On account of the great importance of the question, Mr. Hagen sub-
jected these gauge-readings to a calculation by the method of least
squares, and found that during the period of observation on the Rhine
at Diisseldorf, of 71 years, the equally inclined average lines sought for
by Mr. Hagen show a depression of 2.9 lines for floods; 1.6 lines for the
‘mean stages, and an elevation of those for low water of 0.2 lines annually.
But Mr. Hagen himself attaches no value to this, since the possible error
of these results amount to 2.2, 0.9, and 0.7 lines, respectively.

Mr. Hagen further says that it may be supposed that in the course of
time a deerease in the height of floods and mean stages have occurred,
and for the reason that the improvements of the rivers which have been
made in late years have prevented the formation of ice-gorges and ac-
celerated the discharge of tloods, and that this explains the small annual
decrease in the height of mean stages.
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After Mr. Hagen had also declared that the large decrease in the
height of water stages and in the discharge of the Weser, which several
hydraulic engineers had stated as a fact from a comparison of the gauge-
readings at Minden and Schliisselburg, was improbable, he arrives at
the following conclusion, viz:

So far as the observations which have been made admit of the formation of any opinion,
the result does not show any general decrease in the discharge of the Weser or the Rjjine.

Although this opinion, which Mr. Hagen expresses from the readings
of these gauges on two streams, against the decrease in their discharge
is quite reserved, yet most hydraulic engineers have come to the same
conclusion in regard to other streams, because they did not have the
gauge-readings taken during many years at their command and thus
were unable to compare them, and then again because they consider
Mr. Hagen an infallible authority.

Mr. Maass, royal Prussian inspector of hydraulic works, published
the gauge-readings at Magdeburg, on the Klbe, for the period of 143
years, from 1727 to 1869, together with a plot thereof, in the Journal of
Architecture by Erbkam, 1870, and thereby furnished the proof that
during that period the arithmetical mean of the Elbe decreased for.—

Feet. Inches.

D 1Y 1 5.64
LoWest 8tages oo ci it et et cieaar caaeaecean s 2 11.27
And mean annual Stages ... vu i iii ciieiaet i it ceacaeaenas 3 0.83

Mr. Maass does not consider that this decrease in the height of the
stages or water-surface is the result of a decrease in the discharge of the
streams, but that it is due to the improvement of the river and the con-
sequent deepening of its bed and increase of velocity. Mr. Maa.s silences
the apprehensions which have been created by the sinking of the water
surface, and which became so plainly visible, by stating that a further
sinking in the same ratio need not to be feared, as no turther works of
improvement would be executed on the Elbe.

As these obervations and views of Messrs. Hagen and Maass are con-
trary to the observations which I have made, and the views which I
have formed during an experience of forty years on many rivers, 1 re-
solved to tabulate the data and observations taken on several rivers and
streams which are necessary in discussing this important question, in
order to obtain in this manner perfectly reliable figures, and without
which I could not venture successfully to antagonize the views of Mr.
Hagen, who in all questions relating to hydraulics is the acknowledged
authority throughout Germany.

In prosecuting my researches on this subject I came across that excel-
lent work “Allgemeine Linder und Volkerkunde von Dr. Heinrich Berg-
haus, zweiter Band, Umrisse der Hydrographie vom Jahre 1837,”* and
I found in this as well as in the work from the same author, but pub-
lished by J. Perthes, entitled t“Hydro-historishen Uebersichten der
deutschen Strome vom Jahre 1838,” quite valuable material on the
hydraulic conditions and ice-flows of streams already grouped. This
distingnished hydrographer, Mr. Berghaus, compared the highest and
lowest and the annual mean of gauge-readings and plotted some of them,
which were taken at Emmerich (at the Dutch frontier) on the Rhine
during the period of 66 years from 1770 to 1835; at Cologne during that
of 54 years tfrom 1782 to 1835; Magdeburg on the Elbe during that of 10
years from 1728 to 1835; and at Kiistrin on the Oder that of 58

18; 7Generaing‘now1edge of Countries and P_eople, second volume: Outline of Hyd;o—éraphy,
fﬂydm-hietorical review of German streams, 13833,
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years from 1778 to 1835. He then depicts in so detailed and thorough
manner, as is not done in any other work on hydraulics, all the pheno-
mena which result from these readings and which relate to the actual
condition of the stages of water in the various months and years; the
advent of ice-flows and floods, and finally the effect of atmospheric pre-
cipitations on the discharge of streams. .

In this work Berghaus has at the same time pointed out the manner
in which gauge-readings on rivers and streams should be grouped
and compared in order to obtain a clear presentation of the hydraulic
phenomena or life of a stream, and in order that correct conclusions
may be drawn therefrom relative to its discharge and the changes
therein.

I will now point out the chief results which are obtained from the
very detailed and highly interesting data furnished by Berghaus.

On Sheet 1 I have plotted the observed highest and lowest and the
calculated annual mean of gauge-readings taken during the period from
1770 to 1835, as given in the tables contained in Dr. H. Berghaus’
hydrographic work. From this plot it will be seen that the water during
individual years falls quite irregularly, rises and then falls again, and
that therefore it is very difficult to calculate reliably an equally inclined
line to represent the fall or rise of the mean heights during a long period,
as Mr. Hagen himself admits. I therefore consider the method which
Mr. Berghaus has adopted, of comparing the arithmetical mean of the
readings during two long periods of time with each other in order to
ascertain if the stages of the river have increased or diminished in
height as the most reliable and simplest. If now the period of observa-
tion of 66 years is divided into two periods of 33 years, (from 1770 to
1302 and 1803 to 1835,) and we calculate the mean of the guage-readings
of these periods, we will find that the mean height of floods during the
latter period has increased 10 lines; the annual mean has decreased 1
foot 5 inches, and the lowest stages had decreased 1 foot 2 inches from
those of the former period between 1770 and 1802,

Since the arithmetical mean of the guage-readings during the first
period, from 1770 to 1802, were only taken for the sake of comparison
and without regard to whether during these 33 years an increase or
decrease had already been taking place, it is clear that the above figures
only give the decrease in the mean and lowest stages during the several
periods of 33 years, that is, for one-half the period of observation.

The latter must be borne in mind in future in comparing the gauge-
readings of Several periods.

If again we divide the period of observations trom 1782 to 1835, during
which gauge-readings were taken at Cologne on the Rhine, and which are
given in the tables at the end of Berghaus’ book, into two periods of
27 years each, and calculate the means, we will find that from 1809 to
1835 the mean of flood stages has increased 13 inches; the mean of
annual stages has decreased 43 inches; and the mean of the lowest
stages 7% inches compared with the former period from 1782 to 1808.

From this it will be seen thdt the two chief gauge stations on the
Rhine, that is, at Emmerich during the period of 66 years from 1770 to
1835, and at Cologne during the period of 54 years from 1782 to 1835,
show that a decrease which is not inconsiderable has taken place in the
annual mean and mean of lowest stages, and a slight increase in the
mean of flood stages in the older from the later half of the periods.

Since no works of improvement had been undertaken on the Rhine
between 1770 and 1835 which could have caused at Cologne and Emme-
rich a deepening of the bed or an increase in the velocity of the current
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and a consequent depression of the water surface, the decrease in the
height of the annual mean and low-water stages during the later periods
can only be explained by a decrease in the discharge of the Rhine, and,
on the other hand, a slight increase in the mean of flood stages must
be ascribed to hxgher and more frequent rises.

The circumstance that the decrease in the height of the low and
annual mean stages of the Rhine is less than that of other streams is
explained by Berghaus as being the result of the Rhine being largely
fed by the never-failing springs created by the masses of ice and snow
in the Alps. I deem it proper that I should add to this the remark that
the Lake of Constance, which collects the floods of the upper Rhine and
permits them to flow off only gradually, regulates the conditions of
discharge of the lower part of this stream to a considerable extent, and
that therefore the decrease of discharge at the lower and mean stages
can only show itself in a diminished degree.

Mr. Berghaus explained the circumstance that the decrease in the low
and mean stages at Emmerich are greater than at Cologne by the fact
that between Cologne and Emmerich the Rhine receives the tributaries
Wupper, Ruhr, Emtsche, and Lippe, and these furnish a more irregular
supply of water.

Now let us subject the plot of the gaugereadings at Diisseldorf on
the Rhine, (that is, between Cologne and Emmerich,) taken duaring the
period from 1800 to 1871, as published by Mr. Hag,en, to a thorough
examination.

Mr. Hagen found, according to his method, that the annual mean of
the readings at Diisseldorf decreased on an average 1.6 lines per year,
which would amount in fifty years to a decrease of nearly 7 inches.

Since, according to the tables of gauge-readings given by Berghaus,
the decrease in the annual means for a period of 50 years would amount
at Emmerich to 253 inches, and at Cologne to 8% inches, it will be seen
that the decrease in annual means, determined by Mr. Hagen by calcu-
lation at Diisseldorf as nearly 7 inches, very nearly agrees with that
determined at Cologne, although in a different period. This decrease
is therefore a fact and not an error of calculation, as Mr. Hagen has said
it probably is.

. Although according to the older tables of gauge-readings furnished
by Berghaus, that is, between 1770 and 1835, there was an increase in the
height of floods of from 10 to 18 lines, the decrease in the same cal-
culated by Mr. Hagen to be on an average 2.9 lines per annum or 12
inches, 7 lines for 50 years would still be possible, because the velocity of
discharge of the Rhine has been considerably accelerated since 1830 by
the works of 1mprovement Whlch have been made between Basle and
Mannheim.

The extremely slight inerease in the height of low water at Diisseldorf,
found by Mr. Hagen to average one-fifth of aline per annum, or only 10
lines per 50 years, is clearly explained by the circumstance that the bed
has been somewhat narrowed there during past decades, and that in
consequence of the cut-offs made in the Rhine improvements above
Mannheim, sand and fine gravel were unavoidably carried into the lower
river, and that thereby the bed at Diisseldorf was slightly filled and
raised, as I will hereafter show was the case in the mlddle and lower
Elbe in a still greater degree.

It will be seen from the foregoing how erroneous the conclusions of
Mr. Hagen are that the observations which have generally been made
on the Rhine do not warrant the belief that its discharge has decreased.
If the other table of gauge-readings at Emmerich and Cologne, published
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by Berghaus, had been known to Mr. Hagen, and if he had more cor-
_rectly compared those taken at Diisseldorf during a period of 71 years,
he would have been convinced to the contrary.

In order to learn the conditions of discharge of the Rhine above Diis-
seldorf and Cologne, I turned for information on this subject to that
distinguished hydraulic engineer, Grebenau,* royal Bavarian inspector
of public works at Germersheim, who had been acquainted with the
works of improvement on the Rhine during many years. I received
from him accurate gauge-readings at Sonderheim, taken during a period
of 28 years, from 1840 to 1867, as well as a statement of the annual dis-
charge of the Rhine taken at the cut-off at Germersheim. Mr. Greb-
enau obtained these as accurately as possible by the exercise of great
circumspection and professional knowledge, and after taking a great
deal of pains and time, not only in making numerous direct measure-
ments of the cross-section of the bed of the stream and velocity of dis-
charge, but also by means of calculations made according to the newest
formula and co-efticients determined by. experiments.

If the arithmetical mean of the annual gauge-readings and annual
discharge for the two periods of 14 years, into which the period of ob-
servation may be divided, is obtained from the plot on Sheet 2, it will
be found that during the last half period the annual mean of gauge-
readings has decreased 17 inches, and the annual discharge about
7,227 cubic feet per second.

But it must be admitted that by far the greater part of this decrease
in the annual mean is due to the depression of the water-surface, caused
by the deepening of the bed of the stream, which was effected by means
of the cut-offs which were made in that vicinity for the Rhine improve-
ment.

And although we cannot be positively assured that the measurements
and calculations made by Mr. Grebenau to determine this discharge
during a period of 28 years are absolutely accurate and correct, and
cannot deny that the gradual sinking of the bed produced by the river
improvement had a great influence in decreasing the gauge-readings,
yet being obtained by the same method, these figures giving the dis-
charge must be nearly relatively correct, and we are fully justified by
them in drawing the conclusion that at Germersheim also the discharge
of the Rhine has decreased.

Then there is the striking phenomena that this beautifully improved,
fairly canalized Rhine, between Mannheim and Basle, is no longer suit-
able as a water route in consequence of the numerous gravel bars formed
near the concave banks, and which are continually moving down stream;
of the continued, sharp, serpentining or winding of the channel, and
the shallow crossings from one concave bend to the other. This can
only be explained by the circumstance that the normal width of the im-
proved stream was taken too great at the beginning, and that therefore
the stream, in consequence of the decrease in its discharge, has no
longer the power to move the gravel bars entirely and rapidly, but only
sufficient to force them into the concave bends. )

These results, obtained from observing four gauges on the Rhine, seem
to me to be amply sufficient to corroborate my assertion in regard to
this steam, and I therefore pass on to the data collected for other
streams of Central Europe.

* Mr. Grebenau, who translated from English into German that great work of Humphreys
and Abbot, entitled ‘Theory on the flow of Water in various Rivers and Canals,” and added
to it some water measurements of his own, was, in recognition of his prominent knowledge of
%ydraulics, appointed director of hydraulic works at Strassburg in 1871 by the Emperor of

ermany,
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THE ELBE.

Mr. Berghaus in his above-mentioned works has published tables of
gauge-readings taken at Magdeburg, on the Elbe, from 1728 to 1835,
and calculated from these the tables below. This table includes the
full century from 1731 to 1830, and I invite special attention here to the
last column. It will be seen from this that the mean monthly gauge-
readings taken from 1781 to 1830 have decreased from 15.56 inches to
26.79 inches, and the annual mean 21.39 inches, from those taken during
the half century from 1731 to 1780.

Table of decrease in the water stages of the Elbe at Magydeburg for separate months.

Mean stage during— Decrease of .
Month stages in thei
onthe. First baif | Socond half second half
century, rom century, rom .
1731 to 1780. | 1781 to'1830. | CoR™Y
F. in . in. I
January 9 8.68 711.14 1 9.54 |
February 10 6.61 8 11.63 1 6.98 !
March 11 6.59 10 2.79 1 3.8 |
April 11 4.47 10 0.67 1 3.80
May 9 9.19 8 0.08 1 911
June 8 7.32 6 9.11 110.21 l
July 8 5.71 6 4.05 2 1.66 !
August 7 10.83 6 0.11 11072 -
Septeml 7 7.02 5 10.78 1 824 !
October 7 10.91 6 0.64 110.27
November 8 2.99 6 3.39 1 11.60
December. 9 5.10 7 2.21 2 2.89
- !
Annual mean o 9 3.18 T 5.712 1 9.46 !
i

In regard to the objection which might be made that the discharge of
a stream is not in proportion to the gauge-readings, because in course
of time changes take place in its bed, Dr. Berghaus remarks that in
the lower Elbe, except in a few stretches, a raising of the bed has gen-
erally taken place. This being the case, if the discharge remained the
same, a raising of the water surface or increase in the annual mean of
gauge-readings should result, whereas, according to the preceding table,
there has been a notable decrease.

Dr. Berghaus also publishes in his hydrography the tables of gauge-
readings taken at Kiistrin on the Oder between 1778 and 1835, from
which it results that if we divide the whole period of observations of
58 years into two half periods of 29 years and calculate the mean stages,
that the mean of floods has decreased 9.4 inches; of lowest stages 9 ft.
9.85 inches, and the annual mean 10.55 inches in the last half period, as
compared with the first. ’

After giving the results obtained from the tables of gauge-readings
taken on the Elbe and Oder the most mature deliberation, Dr. Berg-
haus was convinced that the discharge of both of those streams had
diminished considerably, and he expressed his apprehension that both
of those German rivers would disappear from the list of navigable
streams if their discharge continued to decrease at the same rate as has
been established for the period since 1781.

In order to obtain a clear conception of the relative water stages of
the Elbe at Magdeburg between 1782 and a very recent period, and
also to ascertain if the apprehensions expressed by Dr. Berghaus were
being fulfilled, I have added to the tables furnished by him those of
gauge-readings taken by Mr. Maass, inspector of hydraulic works, from
1836 to 1869, and have plotted on Sheet 3 the highest and lowest read-
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ings, as well as the mean of each year. I also divided the whole period
of 142 years into three, the first two each of 50 years, and the third of
42 years, calculated the arithmetical mean of the readings for each of
them, and represented them on the same plot.

The following very interesting phenomena in the relations of dis-
charge of the Elbe at Magdeburg during this period of observation of
142 years are apparent from this plot and the calculated mean of water
stages.

1. During the first period of time, from 1728 to 1777, the height of
fioods diftered but little in the different years, and the highest only
twice went up 417/ 7.65" and +17/ 9.2/,

During the second period, from 1778 to 1827, the difference in the
height of floods in different years already became greater. They went
up ten times to between +17/ 7.65" and +18’ 5.76", and yet the annual
mean of these floods was 12.45 inches less than that of the preceding
period.

During the third period, from 1828 to 1869, the difference in the
height of floods in different years became still greater; the latter,
although the period was eight years shorter than the preceding, went
up to from 417/ 73" to +18' 8 at ten different times, and the arith-
metical mean of all the flood heights was 3} inches greater than that of
the preceding period.

2. It appears from this that in the last two periods floods occurred in
the Elbe oftener and rose higher than during the first period. From
this the conclusion can be drawn that in the latter two periods there
was a greater discharge of the Elbe at high stages during some years.
This clearly results from the circumstances that the waters which fall
during heavy rain-storms flow off more rapidly from the barren mountain
sides, and fill up the bed of the stream oftener and to a higher point
than was the case during the first period.

3. The lowest water stages of the separate years went down, and as
follows, viz:

Feet. Inches.
In the first period t0 - ceeoen i e e eaans +3 8
In the second period t0..euee e oenn e e i i +2 0
In the third period t0 «coueoeievmnr coriiiiiiiiee cietacaeecaane +1 565

and the mean of the lowest stages was 19.71 inches lower during the
second than the first period, and 10.37 inches lower during the third
than the second, and consequently 30.08 inches lower during the third
than the first.

From this will be seen that the lowest stages of the Elbe now occur
much oftener and sink considerably deeper than in the last century,
and this establishes the fact that here a considerable sinking of the
water surface of this stream has taken place.

4. The greater differences between the lowest and highest stages
amounted as follows, viz:

Feet. Inches.
During the first period ... cceeeeceeaaeininin it iiaae eeai e 14 165
During the second period. ..coceueeaeroeemitiaaaaeiaiiaceiaieaaan, 16 5.95
During the third period coeeeeeeiecentcaeemencierenceneacanananann 17 973

These increasing differences in the stages are the result of a deeper
sinking of the lower stages and a higher rising of the floods.

5. The .arithmetical means of the annual gauge-reading was 17.76
inches lower for the second period than the first; 14.63 inches lower
for the third than the second; and consequently 32.39 inches lower for
the third than the first perlod
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It is a fact that at higher stages the cross-section of discharge, as
well as the mean velocity of the current, increases considerably, while
at low stages both decrease in a notable degree, and that therefore a
foot in the rise of high stages represents quite a different quantity of
discharge than a foot in fall of the low stages.

Nevertheless the means of the annual gauge-readings can be taken as
approximately representing the relative discharge of those years, be-
cause the flood stages generally only last a few days, while the lower
stages last much longer, and because the medium stages last during the
greatest part of the years and have the greatest influence on the annual
mean.

The correctness of this opinion is confirmed by the plot on Sheet 2, of
the annual stages and discharge of the Rhine at the Germersheim cut-
off, since the annual discharge calculated by Mr. Grebenau, who gave
due consideration to the increase in cross-section of discharge and mean
velocity of the current during high and the contrary during low stages,
agrees very nearly with the discharge due to the annual mean.

‘We can therefore draw the conclusion from the decrease in the annual
means, as shown .above under the head of 5, that the discharge of the
Elbe at Magdeburg was less during the second than the first, and again
less during the third than the second period, and that therefore a con-
tinual decrease in the discharge of the Elbe during the long period of
142 years is proven.* '

Above all that has just been said, it should be stated that such thor-
ough observations and studies have been made of the condition, the
relative discharge, and the navigability of the Elbe since 1842 as have
probably never been made on any other river in Europe. It was agreed
by the Elbe navigationacts, which were adopted in 1842 by the eight states
bordering on this stream, whose representatives were assembled at Dres-
den, that the hydraulic engineers of these eight states should frequently
navigate and examine the river; survey all obstructions to navigation;
observe the effects of all completed works of improvement, and suggest
the works which were still necessary to remove existing obstructions.

This commission on the inspection of the Elbe, composed of the most
distinguished hydraulic engineers of the states bordering on it, while
taking observations on it with a view to determine the conditions, the
navigability, and the improvement of its water route, so important to
Germany, collected very interesting data on the changes in its bed and
its relative discharge, which are described in detail in their published
proceedings submitted to their central governments.

I submit herewith only a brief extract from these proceedings of those
facts which were deduced and established which have a bearing upon
the relative discharges of the stream. -

1. The first technical commission on the inspection of the Elbe, which
navigated and examined the stream between September 6 and October
15, 1842, established the fact—first, that the low-water stage during
August and September, 1842, was tile lowest that had ever occurred.

* According to my calculation and plot, the difference of the annual means of the first and
second period is 3.76 inches less than according to Berghaus’ calculation. This arises from
the fact that I included the years 1728-1730 in the first period, and thus made a different sub-
division, and that I eliminated the low gauge-readings which were solely due to ice gorges,
and substituted others furnished by Mr. Maass.

That Mr. Maass found the decrease in the lowest and annual mean stages greater by 4.7

* inches to 5.22 inches than I did is explained by the circumstance that he subdivided the period
of observation for the purpose of comparison into three periods of 23, 67, and 53 years re- -

spectively, so that his figures apply to the period of 120 years, the total of the last two, while
mine apply to one of 92 years only,
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This was apparent not only from the tables of the readings of the vari-
ous gauges on the Elbe, but particularly from marks and figures which
had been cut into the rocks in the river to indicate the lowest stages
which had occurred. ,

These marks were first found on the three large rocks at Tetschen,
with the dates 1616, 1719, 1766, 1782, 1790, 1800, and 1835. The low- .
water marks of these years were all from 4.69 inches to 8.85 inches
higher than that of 1842. Low waters are marked on the large flat rock
in the bed of the stream at Pirna for the years 1616, 1706, 1707, 1746,
1834, and 1835, and all of these are from 5.21 inches to 11.46 inches
higher than the one of 1842. On the rocks lying in the bed at Strehla,
also, the lowest water stages are marked for 1718, 1746, 1790, 1800, 1834,
and 1835, and these are higher than that of 1842.

2. The members of this commission then agreed upon the following,
Viz: \

It having been ascertained, from the table of gauge-readings taken between 1811 and 1842,
that the lowest stage of the years 1811 and 1835, which were distingnished on account of their
extraordinary drought, are nevertheless 6.25 inches higher than that of 1842, and that all the
marks which were found to indicate previous extraordinary low stages, are universally higher,
that a line of reference (that is, comparative water-surface line) from which the depths of the
water to be obtained shall be compared, shall be adopted which shall indicate a stage 6.25
inches higher than the lowest of 1842. .

This commission also recommended to the states that the depth in
the upper and middle Elbe should be so improved by suitable works
that at the assumed lowest stage,6.25 inches higher than the lowest
stage of 1842, it should be sufficient for navigation by half-laden vessels
of the size at that time in use. These drew about 32.93 inches. The
required depth was therefore about 37 inches.

Both of these recommendations were adopted by the states, and
arrangements were made to build works of improvement on the Elbe
throughout its whole length which would at ordinary low stages give
the least normal depth of 37 inches.

3. At the subsequent examinations of the stream in 1858 and 1869,*
the hydraulic engineers were surprised to find that the longitudinal
profile of the Elbe had changed considerably in the relatively short
period of time since 1842. The lowest stages which occurred during this
period were in August and November, 1857, and September, 1869, In
the upper Elbe, that is, in the kingdoms of Bohemia and Saxony to be-
low Dresden, these were 6.98 inches lower than that of 1842, the lowest
previously known, but in the middle Elbe they were 7.31 inches, and in
the lower river 16.93 inches higher. This can be seen from the plot of
gauge-readings taken on the Elbe and shown on Sheet 4.

The Austrian and Saxon commissioners proved in detail and conclu-
sively, in the opinion expressed by them in the proceedings of 1838,
that the sinking of the low water of 1857 below that of 1842 could not
be ascribed to a general deepening of the bed in that part of the stream,
because the latter was confined at several places between rocky con-
tours; was established by the numerous mill-dams; and finally since its
cross-section of discharge is made unchangeable at the old bridge of
arches at Dresden by the pavement of dimension stone with which the
sole of its bed is covered.

The lowest stage of 1857 at this bridge was 8.36 inches, and all the
gauges up to Melnik were on average 6.98 inches lower than that of 1842,
This can only be explained by the circumstance that the discharge of

*The proceedings of the inspecting commission in 1850 could not be examined by me, since
they were unfortunately lost. .
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the Elbe must have been considerably less in August and September,
1857, than it was during the lowest stage of 1842, in consequence of the
great drought which prevailed in that year.

During the low stages of 1857, while the 'discharge of the Elbe was
less, the simultaneous readings at the fixed gauges on the middle river
between Meissen and Torgau averaged an increase of 7.31 inches, and
those on the lower river as far as the head of tide-water 16.93 inches
above those of 1842. In the well-based opinion of the above-mentioned
members of the commission this can only be explained by the circum-
stance that in these portions of the river the water-surface was consid-
erably raised by local deposits of heavy material which act like dams.

The same conclusions apply to the phenomena which were observed
in 1869 as in 1857; the low-water stage in the upper Elbe was as low
as that of 1857, and yet in the other portions of the stream it was higher
than that of 1842. There was a smaller discharge, but the water-surface
was raised in the middle and lower Elbe by the filling up of the river
beil’ and consequently the gauges there gave a higher reading than in
1842,

The six members of the commission of 1869, basing themselves upon
those facts, agreed unanimously that in their opinion the longitudinal
profile of the Elbe had changed very much since 1842, and that the bed
of the river in its lower portions had raised considerably, and that there-
fore the depths to be obtained should no longer be determined by the
low water of 1842, but, in consideration of the changed character of the
longitudinal profile, by the lowest stages observed in the separate por-
tions of the stream. )

4. These very important data collected by the hydraulic engineers of
these Elbe states establish the fact that in September, 1842, the river
was at a lower stage than it had probably ever been during centuries,
and that it already went lower in 1852, 1857, and 1869 in its upper por-
tion, and it is perfectly clear therefore that since 1842 there has been a
considerable decrease in the low-water discharge of the Elbe.

5. The correctness of these conclusions is also strengthened by the
fact that the normal widths of the improved river, which were deter-
mined by an international commission upon data collected even before
1842, and which were adopted and carried into execution, and which
were declared to be suitable for the purpose by the inspecting commis-
sion of 1842, have been gradually narrowed. Up to 1869 this narrowing
amounted—

In Bohemia: ccceee cineneiaamee tacemeiiiciiiaeatiennns From 494} to 321% feet.*
In SaXonY ee et e e From 4174-556 to 370% feet.
Below the Saxon frontier.coeeee oo oea o iiiaa.. From 4324 to 278 feet.
In the Duchy of Anhalt. ... . ... ... ..ol to 4941 feet.
Below the mouth of the Saale....... aaa to 556 feet.
Below the mouth of the Havel ... 5 to 741% feet.
From Schnakenburg to Dornitz . ... e to 803 feet.
From Hitzacker to Radegast........ R, to 889% feet,

&e., &ec.

After this inspection of 1869 the commission also expressed the opin-
ion that in carrying out further works of improvement it seemed advis-
able to decrease the normal widths still more, since they found in mauy
improved portions of the stream large sand-bars, which caused trouble-
some bends in the channel and seemed to indicate that the width taken
was too great. .

*A “Rheinlindische ruthe” is equal to two ‘‘klafter.” A “klafter” (or fathom) is taken
at 6.178 English feet.
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Since the normal widths for the improved Elbe which were adopted
at the beginning of the work, and which suited the conditions of its dis-
charge during a long period of years, have lately been shown to be too
large, and their decreast has become imperatively necessary, the con-
clusion is fully justified that the discharge of this river at medium stages
is less than it was before 1842, and that there has been a general de-
crease or lessening in its water consumption.

6. The hydraulic engineers comprising the first commission of 1842
held the following opinion concerning the capacity of the river, viz:

That, although we have no material on hand to enable us to treat this subject in an ex-
haustive manner by the comparison of figures, yet it is proper to state that a marked recent
decrease in the discharge of the stream is not indicated by experience or observation. But
we recognize the fact that the clearing of forests, cultivation of marshes, and irrigation of
lands are able to produce a marked decrease in the quantity of water in the stream.

As it is generally known that between 1842 and 1869 many forests
have been cleared, extensive marshes cultivated, and irrigation of mea-
dows carried out on an extensive scale in the valley of the Elbe, it fol-
lows naturally that a marked decrease in its discharge has taken place,
just as the cammission foretold.

7. The commission of 1842 also declared, with reference to the deposits
brought down by floods:

Nosexperiences nor observations are known to us which would substantiate the assump-
tion of a progressive and visible general raising of the bed of the Elbe. Moreover, it is true
that from such of the observations which have been made, and which seem reliable and appli-
cable to the question, it may be assumed that no such raising has taken place.

The commission of 1858 already proved a partial, and that of 1869 a
general filling up and raising of the bed of the middle and lower Elbe,
which evidently must have taken place during the later period of 27
years, since very large quantities of earth, gravel, and sand were washed
down from the cleared mountain sides, and since considerable masses
of gravel and sand were forced down by the improvement and narrowing
of the river, which were executed with great energy and on an extensive
scale in Bohemia and Saxony. These deposits remained in the middle
and lower stream and caused the raising of the river bed, because the
propelling power of the water is there less in consequence of its slighter
slope, because the improvements had not been undertaken on so exten-
sive a scale as above, and because the method of improvement by means
of spur-dikes adopted here does not seem so etfective nor suitable as
the method of training-walls adopted above.

8. It will be seen from the tables contained in the record of proceed-
ings of the various commissions in the inspection of the stream, that
independent of the numerous works for the regulation and correction of
the Elbe which existed prior to 1842, that the states bordering on it had
expended in the 27 years, including 1869, for works for the regulation,
correction, and narrowing of the stream; for the preservation of these
works, and finally for clearing and deepening of the bed of the stream
from Melnik to the sea, a distance of ahout 639 miles,* the noteworthy
sum of twelve million dollars.t  With this sum about 863 miles of pav-
ing, 68 miles of training-walls, and 5,241 spur-dikes were constructed
and aintained. Every one will therefore admit that the Elbe states
have done a very great deal for its regulation and for the improvement
of its navigation.

If now we read the records of the proceedings of the commission of
1869, in which appears a iletailed description of the condition of the

* A “Deutsche meile” (German mile) is here taken at 10,126 English yards.
t A German “gulden” is taken at 40 American cents.

2 .
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stream and the obstructions to navigation which still existed, it will be
found that at 124 points there was only the insufficient depth of from
18% to 31% inches in the channel, and that at 113 points navigation
encountered great difficulties, partly from insufficient depth of water
and partly from the sharp bends. At nine of these points real interrap-
tions of navigation take place. Vessels get aground and change the
channel so that both ascending and descending vessels are often detained
a long time, and as a rule are eventually pulled over these dangerous
places with great trouble and at great expense in money and loss of
time. It will further be found from the records that the light-draught
passenger boat, on which the commission navigated the river frequently,
was stopped by the jam at these places and assisted in pulling the other
vessels over in order to get past, and frequently ran aground. No
account of such glaring obstru( tions to navigation are )"emlded in 1842
nor in 1838.

It therefore appears that the work which has been carried on during
27 years at so great an expense has not improved the channel of the
Elbe in general, or at least to any considerable extent, and has even
made it worse in several places.

These results might lead many engineers to the conclusion that either
hydraulic art in general, or at least the system of works adopted on the
Elbe, is not suitable to improve a channel of a stream even with the ex-
penditure of considerable money. This cohclusion would be very errone-
ous, since the unsatisfactory results obtained by the works which have
been carried out are easily accounted for. They were produced by the
decrease in discharge which has taken place since 1842, and the im-
mense bars of gravel and sand which were carried and deposited in the
middle and lower Elbe, and which caused the channel to get shoaler,
narrower, and more crooked. An additional trouble was that the works
which were built in former years, and at great expense for the purpose
of confining the width of the stream to the established normal width,
gradually ceased to be of auy effect since this normal width was found
to be too great in consequence of the decrease in the discharge.

9. The proofs of the correctness of the conclusion which I have here-
tofore drawn from the gauge-readings taken at Magdeburg, that the
discharge of the Elbe is gradually decreasing, are unassailably strength-
ened by these experiences gained and data collected by the commission
on the inspection of the Elbe, and in addition thereto, some of the phe-
nomona which appear on the plot of the gauge-readings are made clear.

From the plotted gauge-readings of the Elbe taken at Magdeburg, we
have seen that the floods in later years have risen considerably higher
than formerly; that however the arithmetical mean of the heights of all
the floods during the second period from 1778 to 1827 were 124 inches
less than that for the first period from 1728 to 1777, and that, on the
contrary, this mean for the last period from 1328 to 1569 was again 3}
inches hlgher than that of the second period.

Now it appears from data collected by the commission that since 1842
the normal width of the stream for mmedium stages was reduced 61§ feet
above and below Magdeburg, and that the lowest readings taken at that
station are from 133 inches to 203 inches higher than they were in 1842,
due to the rising in the river bed, produced by the deposits which were
made in it. It must therefore be admitted that these marked changes
in the river bed since 1842 must also have contributed to increasing
the numbe¢r and height of the flood stages.

These dat furnished by the commission also contradict the statement
of Mr. Maass that the bed of the Elbe has been deepened considerably
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during later decades, and disapproves his conjecture that this deepen-
ing has caused the decrease in the height of the gauge-readings.

If the filling up of the river bed, which the commissions have shown
to have taken place since 1842, had not occurred, the lowest stages at,
Magdeburg would have gone down at least 163 inches, and the annual
means since 1842 would have become far less, and the decrease in the
height of the lower stages, and annual mean of the period from 1828 to
1869, which is shown by the plotted gauge-readings to have been from
104 inches to 143 inches, would certainly have been much greater than
that which toek place in the period trom 1778 to 1827. This proves
that the discharge of the Elbe since 1728 has decreased steadily, and
dwring the last three decades even more rapidly than formerly.

I have treated the hydrographic conditions of the Elbe at such length
in this paragraph because I had at my disposal exact gauge-readings
taken on it during the longest period of timne, and at the sawe time the
valuable data collected and experiences gained by the inspecting com-
mission. From them the most valuable conclusions could be drawn
relative to the conditions of discharge of this river, and which may be
considered applicable to other analogous streams.

THE VISTULA.

Mr. Schmid, of Marienwerder, royal Prussian privy counsellor of the
government, gives, in the Journal of Architecture of Erbkam, 1858,
detailed information concerning the hydrographic conditions of the Vis-
tula, and publishes in the treatise also the gauge-readings taken at
Kurzebrak and Marienwerder during the period of 48 years from 1809
to 1856, inclusive, together with very interesting tables showing the
conditions of discharge of thi{ stream, and gives the following as his
opinion, viz:

That the apprehensions which were created in the country by the extraordinary flood of
1855, that larger quantities of water flow into the Vistula during recent than in future years,

are not grounded, and that the tables rather indicate that a decrease in the quantities and
stages of the water may have taken place.

I have supplemented these tables with the gauge-readings taken up .
to the end of 1871, and which were furnished me in a most friendly man-
ner by the Royal Prussian government officials, and have plotted these
gauge-readings taken during a period of 63 years, (on Sheet 5.) I have
divided the latter into the two, from 1809 to 1840 aud from 1841 to 1871.
From this plot the following is apparent, viz: :

1. During the first period the floods only rose higher than 420 feet
7inches in 5 different years, and the highest reached 424 feet 0.18 inches,
whereas during the second there were 9 years in which they went up
above 20 feet 7 inches, and the highest reached 428 feet 5.62 inches.
From this it appears that the apprehensions of the inhabitants that at
present during floods a much larger quantity of water flows into the
Vistula, and that these now produce more numerous, higher, and con- -
sequently more destructive inundations than in the former period from
1809 to 1840, are proven fully grounded and true.

2. During the first period there was only one year in which the lowest
stages went down to 49.27 inches, while during the second they went
down to between —4.12 inches and —1 foot 11.68 inches, so that the
arithmetical mean of the stages during the second period was 2 feet 4.6
inches less than that of the first. From this reason it may be asserted
that a considerable depression in the low-water stages of the Vistula
has taken place.
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3. The difference between the highest and lowest stages was 21 feet
3.05 inches in the first period and 30 feet 5.54 inches in the second, an
increase of 7 feet 2.49 inches.

4, The arithmetical mean of all of the gauge-readings taken during the
second period is 1 foot 5 inches less than that of the first period; from
which it can be concluded, by comparison with similar observations
made on the Elbe, that the discharge of the Vistula at low and medium
stages has decreased considerably during the period of observations of
63 years.

It will be seen from the above that all of the phenomena observed
on the Elbe are found on the Vistula, and even in a more marked degree.

THE DANUBE AT VIENNA.

In order to obtain a clear presentation of the conditions of discharge
of the Danube at Vienna, and to utilize as much as possible the knowl-
edge of these in the improvement of the river, with which I had been
intrusted, I caused the gauge-readings for the highest and lowest stages,
and the calculated means of monthly and annual readings, taken at
‘the great Danube bridge to be tabulated.

Since these gauge-readings taken in this important portion of the
river alone are interesting and acquire a greater interest in the com-
parison of the changes which it is evident will be caused by the improve-
ment, I considered it my duty to publish them in tabular form at the end
of this paper. Ihave at the same time, for the sake of perspicuity, plot-
ted them on Sheet 6.

I must here remark that the recorded gauge-readings only begin at
1826, those of former years having been unfortunately lost. I could
therefore only present them in my tables for the period of 46 years, from
1826 to 1871.

Up to the present time ice-gorges have frequently been formed in the
unimproved portion of the Danube at Vienna during the winter months.
These so change or fill up its bed that the water above them is raised
considerably even at low stages and during dry periods and produce
inundations at Vienna. Since these backwaters are not really flood
stages, I have when they occurred (denoted on the plot with dotted
linesg substituted the reading for the stages which would have occurred
had the gorge not been formed. I obtained these true readings by in-
terpolating the readings of the gauges next above and below, and have
entered them in the tables as well as on the plot.

If now the period of 46 years is divided into two equal periods in these
tables and in this plot and the mean heights are calculated for them,
the following phenomena will appear, viz:

1. During the second period floods rise higher and occur oftener, and,
on the contrary, the lowest stages in the river occur more hequent]y
and go down lower than during the first.

2. During the second period the calculated mean of flood stages were
10.37 inches, that of all stages 8.71 inches, and that of the lowest stages
5.19 inches, lower than during the first.

3. The decrease in the mean annual stages was very different for the
separate months of this year, and it varied during the five months, from
April to Aungust, from 1.03 iuches to 8.3 inches, and during the seven
months, from September to March, from 9.34 inches to 1 foot 9.78 inches.

I must further mention the following facta connected with the decrease
of gauge-readings at Vienna.

If we divide the period of observation of 46 years into five and add
together separately the number of days in each period at which the
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readings were above and below zero, the following will be the result,
viz:
Average number of days during each year.

Periods. Below zero. ‘ Above zero.
Firet period 31 334
S d period 103 257
Third period . e 102 263
Fourth period 137 228
Fifth period ___. --l 162 203

From these relative figures it will be seen that the number of days in
which the stages are above zero steadily decrease, and, on the contrary,
those in which they are below rapidly increase.

I could only find the following starting points to ascertain in the con-
ditions of discharge of the Danube during the last century.

I found among the archives of public works in the Imperial and Royal
Northeast City Hall an accurate cross-section of the Vienna Danube
Canal, taken at its head at Nussdorf during the last century, but unfor-
tunately without date, on which were indicated the highest, mean, and
lowest stages which occur there, and the following appears in quota-
tion marks, viz:

The highest stage roseto 8 feet 3.58 inches above the mean, and the lowest fell 4 feet 1.79
inches befow. The greatest variation therefore amounts to 12 feet 5.37 inches.

At present the highest floods af the head of the Vienna Danube Canal
at Nussdorf rise to 416 feet 7.16 inches, and the lowest fall to — 4 feet
7.92 inches. The greatest difference is therefore 21 feet 3.08 inches.

In my lecture, which I delivered on March 11,1871, before the Society
of Austrian Engineers and Architects,on the improvementof the Danube .
at Vienna, I pointed out the fact that the floods at Nussdorf rose
4 feet 1.79 inches higher than formerly. This is caused by the narrowing
of theriver bed at that place by the construction of the spur-dikes on the
left bank. It follows then that the low-water stages at that point are 4
feet 8 inches lower than during the last century.

In order to convince myself that this sinking in the stages, particularly
of low water in this vicinity, did not result from a deepening of the
bed, I compared the reading of several gauges in Lower Austria with
those taken at Vienna, and tabulated them in the form shown at the end
of this treatise.

It will be seen from this table that during the period of observation
anterior to 1854, when the water was at the zero at the great Danube
bridge at Vienna, the other gauges showed a quite different reading,
some of them being as much as 4 2 ft. 1 in., and others — 1 ft. 8.75 in.

By virtue of a decree from the Imperial and Royal Ministry of Com-
merce, No. 7062, issued September 9, 1853, the zero of all the other gauges
on the Danube in Austria were set exactly to the same point as the zero at
Vienna. This was done during a long-continued zero stage of the river
at the latter place in the fall of 1834, and by moving the graduated
scales up or down.

The readings taken between 1855 and 1871 show, however, that at
every zero stage which occurred at Vienna nearly all the reading of the
other gauges, both above and below, were higher and increased from
year to year. These readings varied between + 4.15 inches and + 4 feet
4.9 inches. I have shown these changes in the longitudinal level of the
stream by the plot of the present zero stage in Fig. 3, Sheet 6. This strik-
ing change in the zero stage at the various gauges can only have been
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vaused by the improvements which have been made at Vienna since 1850
and which, by narrowing the stream, have caused a deepening of its be(i
and sinking of its water-surface. Similar deepening of thebed and sinking
of the water-surface are also observed at the gauges at Linz, Wallsee,
and Tulln. At all the other portions of the river the bed was raised by
deposits and the water-surface raised thereby.

Since the bed of the stream at Molk and Stein consists partly of rock,
and at the latter place the river is confined to its normal width by the
bridge which exists there, and since in these two portions of the streamn
no deposits are observable, the bed of the river may be considered to have
been unchanged there since 1854.

The readings of the gauges at these two points have been alike dur-
ing recent years, when that at.the great Danube bridge was at zero.
They were +1 foot 3.56 inches. Thereadings at the Ferdinand’s bridge
across the Vienna Danube Canal, at which the gauge had also been set to
the same zero as that at the great Danube bridge in 1834, are now from
1 foot 1.48 inch to 1 foot 5.63 inches higher than at the latter. It may be
concluded from this that (in consequence of the deepening of the bed) the
low-water stages at Vienna have been lowered 1 foot 3.56 inches. At
the next gauge above, at Nussdorf, this depression yet amounts to 11.41
inches. On the contrary, in consequence of deposits, the low-water sur-
face in other portions of the river, as at Grein, Struden, Fischamend, and
Hainburg, have been raised from 1.45 inch to 3 feet 1.35 inch.

Although this deepening of the river bed at Vienna is made perfectly
clear by the plot in Figure 1, which shows a decrease in the low and
medium gauge-readings of from 5.19 inches to 8.71 inches during the
period from 1849 to 1871,1 was also tully convinced thatthe discharge of
the Danube at Vienna had also decreased during the last decades. This
conviction resulted from the fact that during the first period of observa-
tion, from 1826 to 1848, the Emperor’s stream, about 497 feet 9 inches
wide, still discharged quite a considerable volume of water even at the
zero stage, while during the last decades the discharge at that stage of
this subsidiary stream, which has been much filled with sand, amounts
to but very little.

The gauge-readings taken at Old Orsova furnished me with the most
striking proof of the observations which I had made that the discharge
not only of the Danube but of the most of its larger tributaries had de-
creased considerably during recent periods, and I therefore take the
liberty of commending the data gathered from them, and which I will
now enumerate, to the special consideration of my readers.

I delivered a lecture on the improvement of the Danube at the eight
rocky reefs and rapids near Orsova, and illustrated it with plans and
longitudinal sections. These were published in the Journal of the So-
ciety of Austrian Engineers and Architects, (No. 9, 1872.) From the
latter it will be seen that the bed of the Danube in the whole of the
mountain gorge, a distance of about 75} miles* from Bazias, to about
5.89 miles below Old Orsova, consists alimost entirely of rock. This
portion of the river bed has remained unchanged during centuries.

The first Imperial and Royal Private Danube Steam Navigation Com-
pany erected a gauge in 1838 at Old Orsova, one of its mnost important

*An Austrian mile = 4,000 Austrian klafter = 8,295% English yards.

tThe Danube Steam Navigation Company from 1847-49 and the Austrian government in
1855 did, it is true, remove some dangerous projecting rocky reefs in the lower part of the
Iron Gate. The relations of discharge were, however, not altered thereby at the cross-section
at Orsova, 5.89 miles above, because the upper rocky reef in the Iron Gate, which extends
across the whole bed of the river, remained unchanged.
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landings, where readings were accurately observed and recorded, since
their freight rates were partially regulated by them.

The gauge-readings at Old Orsova are especially suitable to determine
the conditions of discharge from the whole basin of the upper Danube
for the following reasous, viz:

All of the large tributaries have already emptied into it; it has a bed
at Orsova which is regular and sufficiently wide for a long distance; it
is there already such a mighty stream that the conditions of discharge
are not visibly affected here by abnormal stages arising from abnormal
discharges from the basins of the different tributaries which are cansed
by actions of the elements, and because the high and low stages of the
larger tributaries occur at difterent periods of time. This happens in
consequence of the great extent, different configuration, as well as the
%omposition of the soil, and difterence in climatic conditions of their

asins. v

The Danube at this point may therefore already be regarded as a great
regulator of the abnormities which occur in its different tributaries, and
the gauge readings here may therefore be taken with perfect contidence
as quite nearly expressing the relative conditions of discharge from the
whole basin of the Danube.

After eliminating the incomplete records of the year 1838-1839, I com-
pared the accurate readings at the Old Orsova gauge during the 32
years from 1840-1871, in the table at the end of this paper, and from
this made two plots on Sheet 7,—the one showing the highest and low-
est stages of each year and. the calculated annual mean, the other the
calculated arithmetical mean of the monthly and annual stages. From
these the following is visible, viz:

If the period of observation of 32 years is divided into two of 16 years
and the mean stages calculated for them, we will find, viz:

1. That the flood stages of the Danube at Orsova occur, it is true,
oftener during the second than the first period, but do not rise so high,
and that the arithmetical mean of these stages during the second period
is 11.41 inches less than that of the first period. This proves that now,
" even at flood stages, the discharge of the Danube at Orsova is less than
it was during the first period of observation.

This phenomenon is quite different from those which -we have already
observed on the Rhine, the Elbe, and the Vistula, and is explained by
the following: The heavy rain-falls, and the melting of the snows in
the basins of the larger tributaries, and the consequent floods in the
latter, throughout the extensive basin of the Danube, occur at different
periods of time, and therefore very often simultaneously with the low and
medium stages of other tributaries. TFrom this it follows that the flood
stages at Orsova may be considered as the already adjusted mean of
flood stages, and this proves that the increase in the discharge accasioned
by floods in some tributaries cannot compensate for the decrease occa-
sioned by the mean and low stages in the other.

2. Low stages occur oftener in the second period, and sink in some
years 2 feet 4 inches lower, so that the mean is 1 foot 3.21 inches lower
than during the first. From this it may be concluded that a consider-
ablesinking in the water-surface of the Danube hastaken place at Orsova,
and that there at present the discharge is very much less than during
the first period of observation.

3. The annual mean decreased 1 foot 6.15 inches during the second
period, and therefore the total annual discharge of the Danube at Orsova
has decreased during that time.

4. This decrease in the annual mean is quite different during different
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months, and amounts to only from 2.04 inches to 1 foot 1.48 inches from
January to April, but on the contrary to from 1 foot 1.59 inches to 2 feet
3.18 inches from May to December.

5. The decrease in the gauge-readings of the Danube at Orsova has
been relatively much greater during the short period of observation of
32 years than that observed at the streams heretofore mentioned, and
for the reason that several large tributaries, such as the March, Waag,
Drau, Save, and Theiss, have an effect on the lowering of the water stages
and decrease in discharge.

6. These plots of the gauge-readings show that the highest, lowest,
and calculated monthly and annual means of the Danube at Orsova have
decreased considerably,—this decrease being synonymous with a gen-
eral sinking of the water-surface of the stream, and this could only have
taken place in this rocky bed, which has remained unchanged during
centuries, in consequence of a considerable decrease in the discharge of
the river. This strengthens the conclusion, which I have heretofore
drawn, that the decrease in the gauge-readings of the lower and medium
stages on the Rhine, Elbe, Oder, Vistula, and Danube at Vienna, which
I have heretofore shown has taken place, even after deducting several
inches due to the effect of recent-improvemeuts on these rivers, could
only have resulted from a continuous decrease in their discharge.

After the foregoing had strengthened me in my belief that the dis-
charge of the Danube at Old Orsova and also at Vienna had decreased
and would still further decrease, I was impelled to submit marked changes
in my two projects for making the Danube navigable at the seven rocky
reefs of the Iron Gate above Orsova and the improvement of the river
at Vienna.

In the project which I submitted in 1854, to blast channels through
the eight rocky reefs in the Iron Gate and above Orsova, I fixed t
bottom of these channels at 6 feet 2.76 inches, or 7 feet 3.11 inches beloWw
the water-surface of the zero stage. The Imperial Royal Danube Steam
Navigation Company and its engineers declared that a depth of 4 feet
1.38 inches below that stage would be sufficient. Based upon the results
of the investigations which I have enumerated, 1 have now submitted to '
the government the necessity of blasting these channels to at least 8
feet 3.56 inches, or else in about 30 years they will no longer be naviga
ble at low stages.

In the first project for the improvement of the Danube at Vienna whlch
was approved, the experts in the year 1867-68 fixed the normal width,
measured between the upper edges of the sides of the cut-off for the cross-
section of discharges at low and medium stages at 1,244.5 feet.

Referring to the decrease in the heights of stages and in discharge, 1
then proved by means of hydraulic calculations that the above width
was clearly too great, and that a width of 908.5 feet would be more suit-
able for the discharge and future slope.

The seven hydraulic experts which were invited by the commission on
the improvement of the Danube to give an opinion on this matter did
not consider that the decrease in the discharge of the river at Vienna
mentioned by-me as yet a clearly-proven fact, but in view of all the cir-
cumstances mentioned by me and in consxderatlon of the evils which are
now showing themselves on the improved Rhine between Basle and
Mannheim, and which are clearly due to the fact that its normal width
was taken too large, they reduced the normal width for the improved
Danube at Vienna from 1,244.5 feet, to 1,120 feet. The Danube com-
mission accepted this, and ordered the executxon of the improvement
with that normal width. e
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I consider this reduetion as the first important result of my proofs of
the decrease in the discharge of streams, since I am convinced that if
the width of the new bed of the stream had been retained at 1,244.5 feet
that, just as was the case on the improved parts of the Rhine and Elbe,
there would have been formed in it numerous sand and gravel bars and
some of these even on the right-hand wharf sides; that the channel be-
tween these bars would have become very crooked; that the crossings
from one concave bend to the other would have become very shallow,
and that the whole expensive improvement would have been declared
faulty and abortive.

In order to enable me to compare more readily the decrease in the
height of stages in the five above-mentioned rivers, I reduced it to the
same period of 50 years, and obtained the figures which are contained
in the following table:

f Decreasc in the height of | §§§ ’é Decrease inthe height of
‘ medium stages during :é w0y the mean stages re-
! the half period of ob-| £ gg duced to a period of
Name of the stream and | servation. - :g g 50 years.
gauge-station. ' ! _ o SemEsS

. i TS go 2

! i Oflowest - Ofannual | & = E‘g & | Oflowest | Of annual

! Bluges. |, Stages, | =25 ® stages. means.

' -

J ‘ Inches, ' Inches. Inches. Inches. Inches.
Rhine at Emmerich IS Y gy e 16,01 + 0.8 20,65 |  25.62

""""" L 66 years. ) . f * ‘ N :
Rhine at Ditsseldorf ... Bl — o 48T | + 88 | —0.8 6.86
Rhine at Cologne --——--—___. L s }I 42 440 | 154 13.73 8.14
Rhine at Germersheim _______ IM-1867, 1) neown 17.12 ' unknown. | unknown. 61.16
28 yearx, | during 92 |
- | years.
Elbe at Magdeburg__________ -;“3"',‘§"” Tk sLe2 | — .27 1623 | 17.35
Oder at Kiistrin .._______.__ ! SR S X - SR U B 1.5 | 197
i fenw f1 : ! ! .

Vistula at Marienwerder _____ } l"i vears. ‘ 28. 48 | 16.99 1 - 163 45.21 26.98
Danube at Vienna._..._.._.__ i e, 5.19 8.71 - 10,87 1173 18.94
Danube at Orsova .. (‘:f““::r';v l 15.20 18.14 -4 | 4 56.70

. - . { o

By far the greatest part of the sinking of the water-surface of the
Rhine at Germersheim is due to the deepning of its bed caused by its
extensive improvement by cut-offs, and only the smaller part is due to a
decrease in its discharge. If the gauge-readings at that station are
therefore eliminated from the above table it will be found that the
greatest decrease in height of water-surfaces has been between 47.49
inches and 56.70 inches on the Danube at Orsgva, at Marienwerder on
the Vistula between 26.98 inches and 4.52 inches, at Emmerich on the
Rhine between 20.65 inches and 235.62 inches, and at the other stations
between 6.86 inches and 18.94 inches.

The decrease which is shown on the Elbe in the lowest and medium
stages as amounting to 16.23 inches and 17.35 inches would certainly
have been greater if sand deposits had not been made in its bed since
}84}.‘;, which again raised the water-surface from 13.03 inches to 22.06
inches.

The sinking in the water-surfaces increases with the size of the stream
and the vicinity of the station to its mouth, since there the basins are
larger in extent and the sum of all the decreases in the discharge of the
tributary rivers and creeks above comes into play.

Thg plots of the gauge-readings show in regard to the floods in these
rivers (with the single exception of those taken at Orsova) that in recent
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periods these occur ofténer and rise higher than in former times. It
follows clearly then that during flood stages the discharge is much
greater than it was formerly.

These plots show - further that the flcods were more regular during
the successive years, whereas during the last decades very high ones

-oceur in one year and then in one of the succeeding years they do not
rise 80 high, and this proves that now the changes between a very wet
and very dry year occur oftener and are much greater than formerly.
This is particularly noticeable in the table on the Elbe and Vistula.

" The causes of these remarkable phenomena are plainly the following,
viz:

In consequence of the clearing of forest, particularly in the mountain
regions, the rain comes down in torrents, and there are more bursting
of clouds than formerly; the rains are less soaked in by the cleared
lands, run off into the creeks, rivers, and streams more rapidly, and fill
these with larger quantities of water, and finally, the rain descending
rapidly down the cleared mountain sides tear up the soil and fill up the
beds of the creeks, rivers, and streams with earth, sand, and gravel,
and thereby increase the height of floods.

The correctness of this assertion is sadly substantiated by the inun-
dations which are continually of more frequent occurrence in Italy,
Southern France, Hungary, Bohewmia, and many other countries.

These phenomena attending tloods induced a distinguished meteorolo-
gist to express the conjecture to me that the increased discharge of pre-
sent floods might possibly compensate for the diminished discharge at
low and medium stages.

This conjecture is however entirely unfounded, since, as I have already
shown on the Rhine and Elbe, the annual discharge is very closely rep-
resented by the discharge due to the annual mean of gauge-readings,
and this has been shown to be decreasing for the five rivers which have
been mentioned. The incorrectness of this conjecture is particularly
shown by the table of gauge-readings at Orsova. It happens very often

. that, in the very extensive basin of the Danube, the floods on several
of the larger tributaries occur at the same time as the low water of
-others, and yet there is no compensation for the diminished discharge
of some by the increased discharge of others, since just at Orsova the
means of the highest, medium, and lowest stages have decreased more
rapidly than on the other four rivers.

Even if for some years the conjecture was really true that the con-
tinued extraordinary floods did compensate for the more frequent less
-discharge, this would be little consolation for mankind. Kor the dis-
advantages which arise to the consumption of water when the rise is at
its low and medium stages would not only not be removed by these
constantly increasing higher floods, but, on the contrary, increased by
the more numerous and destructive overtlows which now occur.

Having now furnished unassailable proofs that the lowest and medium
stages, and therefore the discharge of the five principal rivers of Central
Europe, whose total basins have an area of about 596,751 square miles,
have been continually decreasing during a long series of years, the fol-
lowing conclusions may be drawn, viz:

1. Since these five streams are almost exclusively fed by the tribu-
tary rivers and creeks, the low and medium stages and discharge of the
latter must have continually decreased during a long series of years.
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"One may easily be convinced of this by comparing the gauge-readings
taken on them and tabulating and comparing them by the same method
which I pursued with the five streams. A

The correctness of the assertion is further substantiated by the fact
that many manufactories established about 50 years since on the banks
of creeks and rivers, which were then rich in water supply, are now
sensibly feeling the decrease in the latter, which flows into their flumes,
and are now erecting steam-engines as auxiliaries to their former abun-
dant water-supply.

2, It is probable that the same causes which have acted in the bhasins
of these five streains have also been at work in those of the most of the
other rivers and streams of Europe, and, indeed, in the inhabited and
cultivated portious of the three other parts of the globe, and conse-
quently it may have happened that a similar decrease in the discharge
at low and medium stages has taken place on most of the rivers on the
earth, and that their oods now occur oftener and rise higher, and thus
by their increased discharge cause more destructive overflows than they
formerly did. . .

3. If the causes which have been at work during the last 140 years,
and which have decreased the ordinary discharge of streams and rivers
and again rapid filling up by tloods, shonld continue to act in the future,
it is clear that the low and medium stages of streams, rivers, and creeks
will decrease in height still more, and the question will force itself upon
the mind of everyone to what extent this decrease in their discharge
may go. , ,

There need probably be no apprehension that the low water-surface
of the Danube, Rhine, Elbe, and Vistula will ever go down to their beds,
that is, that they will hecome partially dry, because the first two are par-
tially fed by the ice and snow of the Alps; because the causes which
create this decrease will probably not act beyond a certain point, and
because the wany tributary creeks and rivers which empty into these
streams generally have their highest and lowest stages at different
periods of time.

If, however, the very considerable sinking of the water-surface, which
is shown in the above table to have occurred during the relatively small
period of 50 years during low and medium stages, are observed, the sad
certainty will be reached that after the expiration of 100 or 200 years
the discharge during low and medium stages on the upper and middle
portion of these five streams may have been so much decreased that
they will no longer be navigable, if the causes which produce this de-
crease in discharge of streams are not counteracted.

Those creeks and rivers whose basins are small may be converted
into torrent streams by this continued decrease in their height of stages
and discharge, being probably dry annually during several months, and
then being rapidly filled up by rains and made to discharge large quan-
tities of water. There are many examples to show that these appre-
hensions are well founded. Many large rivers even, which historical
researches have proven to have been at one time prolific in water sup-
ply, have now become already only wild and torrent streams, as is the
case with most ot the torrent streams yvhich precipitate themselves down
the southern slopes of the Alps in Italy and in Carinthia. Many other
creeks and rivers which existed decades ago have been changed only
during recent periods within the memory of man into wild creeks which
only discharge large quantities of water and débris during heavy rains.

It will therefore seem clear that my apprehensions concerning the future
navigability of the five streams above mentioned are well founded.
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Although, aside from the data which Dr. Berghaus furnished in his
hydrographic work, and which are unfortunately too little known as yet,
we have no reliable result of gauge-readings, extending during long
periods on most of the large rivers, which would permit tabulation and
comparison, many professional men have been led by the data gained
by some to observe the decrease in the discharge of other rivers.

We find, for instance, the following interesting communication in the
“ Deutsche Monatschrift fiir Handel Schiffahrt und Verkehrswesen, (I
Band, Rostock 1872,)” *published by F. Perrot, viz:

It has been proven that the three streams Weser, Elbe, and Oder, clearly show a decrease
in their discharge and an increase in the sand deposits in their beds. It has been calculated that
if the water supply in the Elbe decreases at its present rate, it will not in the future be navigable
by heavily laden vessels. It is not different on the Oder; there were only 11 days during the year-
1858, which it is true was quite a dry one, on which the Silesian Oder was navigable under
full power. The Weser from the beginning had the least water supply of the three. The
government, it is true, has recently taken steps to prevent the clearing of the heights which
border the valley of this stream, and which was the main cause of this phenomenon, but the
incompleteness of the river improvement, made according to the principles at present in vogue,
has done more to bring about the state of affairs which now weigh so heavily.

If the tabulated gauge-readings and other data which have been col-
lected in this treatise, as well as my conclusions, which I believe to be un-
assailable. are thoroughly criticised, I believe that no hydraulic engineer
will doubt the correctness of the assertion already made by the dis-
tinguished hydraulic engineer, Dr. Berghaus, in 1836, and proved more
in detail by me since that time, that in the creeks, rivers, and streams
of Central Europe there have been more frequent and higher floods, and
on the contrary a very serious and continuous decrease in the height of
low and medium stages, and consequently in discharge, during the period
of observation of about 140 years.

A correct knowledge of and heeding of this peculiar phenomenon in
the life of rivers and streams is very important for the hydraulic engi-
neer particularly. He must give due consideration to this continuous
change in the conditions of discharge of creeks, rivers, and streams in
prejeciting improvements of rivers, canals, aqueducts, water-powers, and
all hydraulic works in general which are intended to last during centuries.

It he does not, his works will not be sunitable to their intended purposes
and will be total or partial failures, as I have already pointed out on the
Rhine, Elbe, and Danube.

I flatter myself, therefore, that through the laborious collection and
tabulation of the aterial before us, and through the establishment of
the above-mentioned phenowmenon, I have contributed my mite to pro-
mote hydraulic knowledge, and particularly that of river works.

II. DECREASE IN THE NUMBER OF SPRINGS AND THEIR DISCHARGE.

The theory which is already generally accepted as correct, how rain-
falls create and feed the supply of the subterranean water which oozes
into and filters through the earth, and how these waters slowly filter
through the pervious or so-called water-conducting subterranean layers
from the mountain sides and high regions into the low lands and valleys,
and there reappear as springs, and in their totality mainly supply creeks,
rivers, and streams, is probably well known to my readers. To those
who wish to inform themselves more on this subject, I can recommend
the Hydrography of Dr. Berghaus, which I have already cited (second
volume of his “General knowledge of countries and nations,” published
in 1837), and the ¢ Handbuch der Wasserbankunst, von G. Hagen.”t

* German Monthly for Trade, Navigation, and Commerce, (Volume I, Rostock 1872.)
t Handbook of Hydraulic Art, by G. Hagen.
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" My esteemed readers will see from these works that by means of abun-
dant and very caretul observations, measurements, and calculations it
has been found that only about one-sixth to one-third of the whole rain-
fall ot the basin of a river or stream which reaches the surface of the
earth runs directly on it into the creeks, rivers, and streams, and gener-
ally flows rapidly to the sea through them. The amount depends upon
the shape of the surface, the geological formation of the strata, and the
character of the plants which cover it.

The other five-sixths or two-thirds of this rainfall enter the earth,are
gathered in reservoirs, in cracks, hollows, and pervious layers, and sup-
ply the water which oozes and filters through the ground as well as the
springs. A clear conception of the extent and magnitude of these sub-
terranean reservoirs cau only then be gained when we consider that in
the dry season of the year, during which not a drop of rain falls in the
basin of a river for weeks, all the springs, wells, creeks, and rivers which
are situated in it are fed by these reservoirs alone. They do this so
evenly that although the river stages sink the most, yet there is the
greatest sameness and duration in them.

The great importance of these subterranean waters only seems clear
when we call attention to the fact that mankind draws most of the drink-
ing water for itself and its animals from them, and they may therefore
be considered the fundamental condition upon which the existence of
animal life is based. It is made clearer still when the fact is considered
that the waters which ooze through the upper layer of the earth dissolve
nourishing matter and thus prepare the latter for suction by the roots of
plants, and thus again make the fundamental condition upon which the
existence of vegetable life is based.

The points just indicated show how important a role the waters which
ooze into the earth and filter through it, subterraneously, play in the
economy of nature.

I can only give the following proofs of the decrease in these subterra-
nean water supplies:

It has been shown in the previous chapter by observations taken dur-
ing a long period of years that during the last decades the floods in
creeks, rivers, and streams which are produced by rains occur oftener
and rise higher and therefore now produce larger masses of water in
them than formerly.

It follows, then, that if the amount of rainfall has remained the same,
the amount of water which has flown oft on the surface of the earth has
increased, and the quantity which has oozed into it has decreased.

Consequently the mass of the subterranean reservoirs, the seep and
filtration waters and springs must have diminished.

The correctness of this conclusion is contfirmed by the following data
which have been gathered.

We have already shown that in the last decades the hewht of the low
and medium %ta%s and consequent discharge of eree]\s, rivers, and
streams have decreased continuously. This decrease has been the great-
est during those months when these water-courses were almost exclu-
sively fed by these subterranean seep and spring waters. We are there-
fore justified in concluding that in recent periods the water-supply fur-
nished by these subterraneous reservoirs and pervious layers has de-
creased, and that the seep and spring waters of basins have furnished
a smaller supply for feeding their water-courses than in former years.

Dr. H. Berghaus has already referred to this matter in his Hydrog-
raphy (p. 30), as follows:
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It has been observed in many regions of the earth that springs lose a part of their water
supply. In the former Poitou and in the department of the Lower Charente a striking de-
crease of springs has been felt since 1825. This phenomenon has been ascribed to the drying
up of the soil and to the construction of canals, ditches, &ec. Flearian de Bellevue took pains
to show that a decrease in the amount of rainfall was the cause of it.

"It has also been established by numerous observations that in recent
_periods many springs have dried up, and that the discharge of many has
decreased considerably. It is also generally known that many aque-
ducts, which were constructed in a solid manner and at great expense,
and which once delivered an abundant supply of water, have been com-
pletely abandoned on account of a permanent failure therein. It is fur-
ther known that very many old wells which were once supposed inex-
haustible have, especially since 1852, partly become totally dry or partly
80 poor in water supply, by reason of the sinking of the surface of the
water in the subterranean layers which fed them, that it became neces-
sary to deepen them several fathoms in order again to obtain a perma-
nent water supply.

I will only mention here a few examples of the many of which T have
obtained knowledge.

It is generally known that Rome, during its halcyon days, with its
numerous public wells and baths, was extravagantly supplied with
water by numerous aqueducts. In consequence of the drying up of
the springs which fed them, many of the latter are now perfectly dry,
and others have but a part of their water supply. An example of the
latter is the “Aqua vergine,” which is nearly 124 miles long, and which
it is now intended to reconstruct at considerable expense.

The springs and aqueducts which once supplied Constantinople with
a great abundance of water for drinking and useful purposes, have now
lost so much in their yield that there also new and distant springs must
be sought.

The world-renowned fountains and artistic water-works in the palace
garden of Versailles were once so abundantly supplied by the aqueducts
which furnished the water that they could play during nearly a whole
day at a time. Now, in consequence of the decrease in water supply, the
latter must be collected during about 23 hours in order that the fount-
ains and works may play an hour.

The many beautifully constructed fountains and artificial waterfalls
in the Belvedere, Schwarzenberg, and Lichtenstein gardens at Vienna,
and those in the palace park of Schonbrunn, which were abundantly
supplied by springs which were led to them, are now completely dry,
and are a sad monument of dried-up springs. »

The city of Vienna has, in addition to about 10,000 wells, 19 different
aqueducts by which the spring and seep waters of the vicinity are
caught, gathered, and led into the city. Afterthe waterin these wells had
not only diminished in quantity but had also deteriorated in quality in
consequence of seep from sewers, and the supply formerly furnished by
the 19 aqueducts had become greatly diminished, the Emperor Ferdi-
nand aqueduct was built in 1836. This delivered to the city. about
1,245,627 gallons* daily from a supply gathered at Nussdorf, from the
Vienna Danube Canal, by means of long and deep siphons.

This aqueduct became uncertain and insufficient, partly in consequence
of the sinking of the surface of the Vienna Danube Canal, and partly
through the clogging of the siphons. The community of Vienna was
then induced, after proceedings lasting several years, to draw the requi-
site supply of water for drinking and useful purposes, amounting to

* Eimer (buckets) = 3,454 cubic inches.
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24,912,540 gallons daily, from the high springs of the Schneeberg (Kai-
serbrunnen and Stixenstein springs). This will be accomplished by an
open aqueduct about 563 miles long, and which will require a capital
of nearly $8,000,000. .

I believe that I have proven by the foregoing information and exam-
ples that during recent periods the supply in subterranean reservoirs
and in water-carrying layers has become smaller; that many of the
seep waters and springs have completely dried up, and some deliver less
water; and finally, mainly for these reasons, the low and medium stages
continually sink lower, and that the discharge of these water-courses
consequently becomes continually smaller.

If the decrease in water which has been shown to have taken place
during the last period of 140 years should continue, this phenomenon
and change on the surface of the earth would cause incalculably evil
results and dangers to future generations. This decrease and sinking
of the water oozed into and filtering throngh the ground under the sur-
face, and the more numerous changes between very dry and very wet
years, which is shown by the plots, would decrease the fertility of the
soil greatly, and many countries which are now covered with rank vege-
tation would become cheerless deserts. ,

After many springs have dried up, and creeks and rivers have been
converted into torrents, mankind would be compelled to draw the water
for drinking and useful purposes from deeper water-carrying layers and
from greater distances, and consequently at greater expense. Many
manufacturing and industrial establishments would also lose their in-
dispensable, useful water and water-power, and would either be com-
pelled to resort to expensive substitutes, or move to distant regions in
'which the springs and rivers have not yet lost their waters, or stop
entirely.

Finally, a continued decrease in the water supply of rivers and streams
would lay the former dry during the greatest part of the year, and de-
stroy the navigation of the latter.

Since it is apparent from the foregoing remarks that the continuous
decrease of running waters on the earth’s surface not only serionsly
threatens the welfare and health but also the existence of future genera-
tions, many friends of natural sciences will probably find themselves
incited to make further researches inh order to determine the causes of
this striking phenomenon, and to ascertain the means by whose appli-
cation this threatening calamity may be counteracted, so far as it lies
within the power of man.

I have been industriously engaged in the solution of this difficult
problem, and have compared the results of my investigations on this
subject in the following two chapters, in the hope that distinguished
colleagues and naturalists may continue the researches thus begun, and
make them bring good fruit for the welfare of future generations.

IV. CAUSES OF THE DECREASE IN THE WATER SUPPLY OF SPRINGS
AND STREAMS, WHICH HAVE BEEN ESTABLISHED BY THE PRECED-
ING CHAPTERS.

The accurate determination of the causes which produce the decrease
in the water of springs, rivers, and streams, is of the greatest importance,
since only when these are known can suitable measures be suggested
t(;. set a lnmt to the extent of the power of man, to the further progress
of the evil. ‘
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In order to obtain a correct appreciation of the connection between
the amount of rainfall and the discharge of streams, we will present these
quantities by an algebraic formula, and for this purpose adopt the fol-
lowing notation, viz:

Let us represent by A the total amount of the annual rainfall in
the basin of a stream; by x A that part which runs oft' the surface into
- the creeks, rivers, and streams, which will then give for the amount

which oozes into the earth (1 —x) A; by B the amount which is con-
sumed by vegetation and animals, as well as that which runs off into
- very low layers or crevices in the earth and does not reach rivers and.
streams; and by M the amount of water which is dnnuallg ‘discharged
‘into the sea by this stream, and we will have
M=2xA+(1—-2)A—-B=A-B.

It will be seen from this equation that the proven fact that # A has
now become greater and (1 —a) A less has no influenceon M. Now since
it has been proven that M has diminished during recent periods, it fol-
lows that this decrease could only have occurred in cousequence of a
decrease in A or an increase in (l—x) A or by a contemporaneous
decrease or increase in these quantities. .

Now let us represent by m the decrease in the discharge of the stream;
by a the supposed decrease in the amount of rainfall, and by b the in-
crease in (1 — «) A, we have the following equation:

M—-—m)=(A—a)—(B+1D)
and therefore
m=a + D.

From that which will follow it will be seen that in cultivated countries
a and b, and hence m, are continually increasing.

The observations and researches which I made during many years led
me to conclude that the changes in the conditions of discharge of rivers
and streams which have been established, were caused in the first place
and chiefly by the clearing and destrucmon over large areas of the forests
which formerly existed in cultivated countries, by which the mountain
;siides were left bare and the level ground converted into meadows and

elds.

The meteorologists and naturalists of the countries referred to had
already during many years made numerous observations and researches
to show the influence of forests on the amount of rainfall, the condition
of the climate, and the fertility of the soil.

I will here briefly mention some of the results obtained and opinions
expressed by some of these distinguished experts.

Dr. Berghaus mentions in his Hydrography, heretofore cited by me,
that the decrease in the discharge of the Llbe since 1782 is caused by
the decrease of the rainfall which has taken place iu its basin since that
time. The cause of this is stated, both by Berghaus and Malte Brun, to
be in the clearing of forests, since the attraction of the latter draws elec-
tricity and water from the clouds and increases the amount of rainfall.

The journals of the Austrian Society for Meteorology for 1867, 1369,
and 1871 contain many very interesting treatises on the influence of
forests on rainfalls and climate, to which I beg leave to refer.

The distinguished naturalist David Milne Home, president of the
Scotch Meteorological Society, has communicated the following experi-
ences:

Wood being a poor conductor of heat, it has been established by ob-
servations that trees are cooler in summer and warmer in winter than
the air in which they grow, and they have therefore the tendency to
equalize the temperature of the different seasons. Trees have a coolin g
effect in summer in three ways: First, they protect the ground against



33

the powerful effect of the sun; second, by the evaporation from their’
leaves; and third, by the radiation of the latter. :

The French naturalist Boussingault, and Strzelecki also, have repeat-
edly observed while traveling in the tropics that the radiation of forests
at night lowers the temperature of the surrounding air to such a degree
that whenever the sky is clear the aqueous vapors which float in it are
condensed into the form of a shower or heavy dew.

It is a fixed fact, which has been proven by numerous observations, that
the clearing of forests dries up springs, and that when they again grow
the latter flow more abundantly and regularly. This has been sub-
stantiated by the naturalist Becquerel. Boussingault says: ¢ It is my
opinion that the clearing of forests over a large area has always the
effect of diminishing the annual rainfall.” The learned Coultas makes
the following comparison:

The ocean, winds, and forests may be considered as the different parts of a great distillery.
The sea is the boiler in which steam is created by the heat of the sun. The winds are the
pipes which lead the steam to the forests where a lower temperature exists., For this reason
the steam is condensed, and in this manner forests distill showers of rain from the masses of
clouds floating about in the air.

Similar views have also been expressed by several naturalists, as Her-
shel, Arago, Kiinitz, Lecoq, and Tchihateff. The commission which
was appointed in England in 1851 to examine this subject arrived at
the following conclusion:

In such countries in which the preservation of the water supply is of great importance, the
reckless destruction of forests in those regions in which the springs exist must be resolutely
advised against.

The learned Blanqui says also:

The terrible droughts which desolate the Cape Verde Islands must be ascribed to the destruc-
tion of the forests. On the island of St. Helena, where the wooded portions have increased
considerably in area during recent years, it has been observed that the rainfall has been in-
creased in proportion. The amount of this is now double that of the time when Napoleon I
resided there. In Lower Egypt, where it rained but seldom in the past century when the
French occupied it, and not to exceed twelve days annually, there is now an abundant rain
during thirty to forty days in the winter. This change is ascribed to the circumstance that
the Viceroys of Egypt have caused about twenty million trees to be planted below Cairo.

The naturalist Marchaud also mentions the following interesting case,
viz:

Before the felling of the forests, which has taken place in recent years in the valley of the
Sulz, the Sorne delivered a regular and abundant supply of water for the iron-works at
Unterwyl, and neither drou%ht nor heavy rains had ang' marked effect. Now the Sorne has
become a wild creek in which every rain produces a flood. After a few days of fine weather it

falls g0 rapidly that it became necessary to change the water-wheels, and finally to erect a
steam-engine to prevent a stoppage of the works for want of water.

Meldrum, the director of the observatory on Mauritius Island, has
found that since 1852, when at least 44,155 acres* had been cleared, the
rainfall, humidity, and pressure of vapor have decreased, and, on the
contrary, the floods and dry periods have increased. Dr. Graham is
very decided in his opinion that the quantity of water in the springs
and rivers of the Madeira Islands has decreased in consequence of the
clearing of its forests, and that tlie trees have a powerful effect on fogs
by retaining and condensing them. The report of Mr. Mathieu, pro-
fessor of the imperial school of forestry, was published by the French
Government, in which he shows that it is proven by experiment that the
amount of aqueous vapor over a cleared field is five times as great as
over ground covered with forests, which he considers equivalent to an
increase in the annual rainfall in sections of countries covered with
forests. Prof. H. W. Dove, one of the first authorities in the knowledge
of weather, says:

3 * Morgen = 3,053 square yards,



34

Europe has worked itself into continually irregular rainy seasons by the modern. cultiva-
tion of 1its lands, which crowds off the forest recklessly, and which causes its rivers to be
nearly dry during long periods, while during others'their banks can hardly retain the masses
of water which are poured into them.

Dr. R. Griiger, an ardent scholar of Dove, asserts in his popular
treatise on the knowledge of weather:

In such places where want of judgment or the greed of gain has not disturbed the natural
conditions, and cultivated fields and wooded landx alternate in a certain manner, a healthy
regulation produces its own rain, which in turn again nourishes it; while on the contrary a
thoughtless and planless destruction of the forests, which it is the custom to call cultivation
of the roil, often destroys its fertility forever. Sicily, the former granary of Rome, furnishes
a fearful voucher for this. Its interior now resembles a desert, not only because, as Liebig
supposes, the soil has been exhausted of nourishment for vegetation. but far more because
its culture has been driven to the highest point, that is. its mountains have been cleared
to their tops.

If the opinions of these naturalists and experts, which are based upon
long experience, observations, and experiments, gained and made in
different portions of the globe and in different countries, are now added
together, it will be found that forests have the following effect on the
discharge, of springs and streams, the character of the climate, and
fertility of the soil, viz:

1. The existence of forests in a country increases the amount of rain-
fall, because the fogs and clouds, saturated with aqueous vapor, which
sweep over it, are, in the first place, condensed by contact with them
and fall in the shape of rain. Again, since the temperature in forests is
considerably lower in daytime and higher during the night than over
the adjacent fields and meadows, a continual circulation of air is created
around them, and this draws the fogs and rain-clouds and causes them
to empty their contents. It is, therefore, not on account of the forests,
but in consequence of the change between wooded and cleared sections
that rainfall is increased.* ‘It is also quite probable that forests attract
clouds, deprive them of some of their electricity, and thus increase rain-
fall. It is, besides, a known fact that a large part of rain is held by the
leaves of trees, and that a part of this falls to the ground slowly, and a
part evaporates and then is again precipitated as fog, dew, or rain. In
other words, the same rain is retained longer in wooded countries, is re-
peatedly precipitated, and increases the rainfall there.

2. Forests increase the amount of the subterranean seepage and water
in springs considerably, since the rains, being retained by the leaves of
the trees, fall to the earth slowly. They are then retarded in their flow
by the spongy surface, and are partly soaked in and partly sink into
the deeper layers of the earth. . The latter is made more easy by the
roots of the trees, which are spread out over a large extent and make
rents, splits, and channels in the soil, which cause more water to ooze
in and sink deeper in the woeded .than in the cleared tracts. It has
also been established by experiments that the aqueous vapor which forms
over cleared fields is at least four or five times as great as that over a
wooded tract, and consequently that the water which has oozed into the
soil of the latter does net vaporize so easily, but is retained and serves
to feed the seepage springs and rivers.. .

3. On extensive clearings, especially in mountainous regions, and
even in lhilly countries, the rain-drvops fall apon the bare ground with
vehemence, tear it open, and'then flow down the mountain-sides with
great velocity and carry earth.and débris toward the creeks, rivers,
and streams. In this manner these water-courses are suddenly filled to
excess, and, as the table before us shows, cause higher and more de-
structive overflows than was the case when the forests existed.

. A>cc»orr‘d.ilrlg¢t(7 i)hl:ﬁ;;gue;;{l“‘raukfort.
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4. Extensive clearings in a country also increase the dryness of the air-
in summer, and this increases the length of dry seasons, which naturally
diminishes the fertility of the soil.

These very detrimental effects of clearings show themselves quite
plainly in Palestine, Persia, Greece, Spain, and the Canary Islands,
which were all once blessed with rich vegetation.

A further cause of the decrease in the discharge of springs and
streams of many countries in Europe during the last decades is the
emptying of lakes and ponds and the drainage of swamps and marshes.

These reservoirs held large quantities of water during rainy seasons,
which would otherwise have passed oft in creeks or rivers in destruc-
tive floods, and then partly and abundantly fed the subterranean seep-
age and springs, and through long periods, and partly raised them into
the atmosphere as aqueous vapor again, soon to be precipitated in the
shape of refreshing showers.

The removal and emptying of these numerous large reservoirs, as
well as the construction of the numberless drainage-ditches on roads
and in the fields, by which the rain is rapidly led to adjacent creeks and
rivers before it has time to ooze into the ground, have also had a very
considerable effect in diminishing rainfall, drying up of springs, and in
the rapid filling up of rivers and streams during heavy rains. This
opinion was presented in the most convincing manner by the distin-
guished naturalist, Becquerel, in his report to the Academy of Sciences
in Paris on the causes of the increasing destructive overflows in France.

The well-known naturalists and professors, Drs. Kerner and Hun-
falvy, who are thoroughly acquainted with the conditions of the soil of
Hungary, have shown in detail in their treatises on this subject that
the improvement of rivers by which it is intended to reclaim about
6,665 square miles of swamps and overflowed lands will surely diminish
local evaporation, make the air drier and continental, and finally
diminish and lower the subterranean waters. This will result in a sink-
ing of the water surface in the rivers, and both of these experts have
therefore pressingly recommended artificial irrigation and afforestation.

_A third reason for the proven decrease in the water supply of springs
and streams is without doubt the fertilizing, cultivation, and improve-
ment of lands, which has been executed on a grand scale and is in-
creasing from year to year.

It will be elear to all that the sparse grasses of natural pastures,
meadows, and fallow fields consume only a small part-of the rain which
falls upon them, and that therefore the remainder serves to feed subter-
ranean seepage, springs, and rivers. On the contrary, the rank standing
grain and forage and juicy garden plants which grow on fertilized soil
consume a far greater portion of - tlie rainfall,; and consequently leave
buat a small part for feeding springs and rivers.

Moreover, it is also generally known that in cultivated countries large
quantities of water are drawn from the creeks and rivers for extensive
irrigation of meadows. Hardly one-half of these ever get back to these
water-courses, the remainder being consumed by the forage, which
grows in larger quantities and more rankly on these irrigated meadows.

It will be admitted that the amount of water which is consumed by
the growing vegetation itself, as well as by irrigation, and thus taken
from the streams, is very great. If it is vonsidered that this takes
place during nearly the whole of ‘the year in a basin of a strean from
66,650 to 266,600 square miles in extent, althongh this goes on in sep-
arate portions, and apparently in a small' amount, yet it amounts to a
- considerable quantity during the long period of time and over the great
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area; and has undoubtedly the effect of lowering the mean stages, which
we have shown has taken place.

Another circumstance which contributes materially to the making wild
and raising of the beds of rivers and streams inust be mentioned here.
In order toderive the greatest benefit from the soil, the cleared portions
and portions of steep mountain-sides are more frequently plowed up
and converted into cultivated fields, in order to receive from them even
the sparsest yield.

During heavy rains the soil of these fields, as well as the débris under
it, are easily washed off, and gutters are made in these plowed mount-
ain-sides by the rapidly rushing waters. These are generally enlarged
into deep furrows and gorges, and the whole washed-out mass of earth
and stone is swept into the adjacent creeks, rivers, and streams. Here
it remains in consequence of the diminished motive power of the water,
raises the beds of these water-courses, converts them into wild streams,
and assists materially in increasing the height of destructive overflows.

Again, since on these steep mountain-sides very often a layer of earth
only a few feet thick lies upon this rock, this, clearing and plowing
robs it of its cover and protection, and it is loosened. The rains ooze
through it to the rock, make the surface of the latter slippery, and then
frequently the whole mass of this layer, earth and débris, slides down
the steep rock surfaces as so-called land-slides, even into the beds of
the creeks, and thus dam the latter and cause the upper valleys to be
overflowed and converted into swamps.

Any one who has ever fully observed the ruinous effects of the
clearing and plowing of steep mountain-sides, and has followed these
effects into the rivers and streams, will surely substantiate my assertion
that the destruction and damage caused thereby to the adjacent banks
of the lower portions of the creeks, rivers, and streams, and even to the
state itself, are often ten thousand times greater than the benefit derived

. by the land-owner who clears and tills these mountain-sides. If these
facts are established by experts, I believe that the government is not
only justified, but that it is its (iuty to forbid land-owners to clear and
till their steep mountain-sides, for the protection of adjacent land-owners
and stopping the further conversion of rivers and creeks into wild
courses; that is to say, from public considerations.

Finally, I must also add to the causes which produce a decrease in
the height of stages in rivers and streams the increase of population
and domestic animals in cultivated countries. It is generally known
that man and his domestic animals consume a large quantity of water
for drinking, cooking, and other purposes, which is obtained partly
directly from springs, partly from the subterranean water-carrying
strata by means of wells, and, finally, from creeks and rivers. The
number of domestic animals increases in about the same proportion as
the number of inhabitants. Experience shows that man uses for
himself and his animals about 16} gallons per capita per diem in cities
and towns, and that scarcely one-half of this flows back as waste into
creeks and rivers.

. If T now mention the fact that in the basin of the Danube, about
266,600 square miles in extent, the increase in population during the
period of 32 years,in which iny tabulated gange-readings were taken,
has amounted to 6,000,000, it follows that the 8,125,000 gallons daily,
due to this increased po%)ulation, which no longer flows back to the
Danube, amounts to nearly 400,000,000 cubic feet per annum, and that
this must certainly have also had some effect in the large reduction in
the mean of the gauge-readings at the station at Orsova.
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Now if we consider carefully and collect together in our minds the
retroaction which has been shown in this chapter to have been caused
in the conditions of discharge of springs and streams by extensive
clearings, emptying of numerous lakes and ponds, drainage of marshes
and swamps, cultivation and irrigation of fields and increase of
population in cultivated countries, we must arrive at the conclusion,
independent of the data gained by gauge-readings, that the discharge
of the springs and streams of Central Europe must have decreased, and
particularly in those portions where the bed of the stream has not been
raised by deposits.

The decrease which has been shown in the first chapter to have taken
place in the height of the annual low and medium stages, as well as in
the discharge of their streams, by gauge-readings taken during long
periods, established the correctness of the observations, opinions, and
conclusions given in this chapter.

V. PROPOSED WAYS AND MEANS TO COUNTERACT THE CALAMITIES
WHICH RESULT ON THE ONE SIDE FROM THE INCREASED DE-
STRUCTIONS CAUSED BY HIGHER AND MORE FREQUENT FLOODS,
AND ON THE OTHER BY THE CONTINUAL DECREASE IN THE
WATER OF SPRINGS AND STREAMS AT LOW AND MEDIUM STAGES.

It has been seen from the detailed proofs given in the preceding
chapter that these calamities are not caused by constantly acting natural
forces, but are produced mainly by the fact that the inhabitants of
cultivated countries selfishly and recklessly drain the earth’s surface of
its yield and thereby partially change its figure in a disadvantageous
manner. Although it is not difficult now to determine measures and
arrangements to check these calamities, it is clear that these measures
can only be successfully carried out by overcoming many difficulties and
the expeuditure of considerable means during a.long period of years,
and only then if, besides the government, the more intelligent at least of
its inhabitants recognize the pressing necessity of these measures, and
if the former take hold energetically.

It is natural for us, before beginning a great undertaking, to look
around in the world and in history to ascertain whether or not some
constructions or works have before been executed under similar circum-

_stances and from their success to have our minds placed at ease in
regard to the success of the one which we are about to undertake and
also to utilize in our ywn the experiences gained in the construction of
the others. I will therefore first mention a highly noteworthy example,
and the only one in existence, to show how the oldest cultivated nation
of the earth, the Chinese, freed their country from overflows resembling
deluges, and converted it into blooming fields. ,

About the middle of the last century a work of forty volumes appeared,
entitled, ¢“Schui-Hing Kin-Kien,” or history of the management of
Chinese waters, from which some very interesting data were published
in the ¢ Allgemeine Bauzeiting” (Wien, 1858,) *tfrom which I willhereonly
briefly mention those which bear upon our theme.

The Chinese Empire, which has at present an area of about 5,554,275
square miles and a population of about 360,000,000, lies on the eastern
slope of the Asiatic highlands, and at the same™time of the highest
mountain peaks of the earth, from which two ranges extend from west
to east as far as the sea and divide it into three parts. Many large and
powerful rivers and streams rise in these Jhighlands, which are covered
with eternal ice and snow, and their floods rise to great heights, which
formerly swept over and destroyed the whole country like a deluge.

* General Journal of Architecture, Vienna, 1858.
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About the year 2300 B. C. a new deluge poured down over China, and
Yao, who was emperor at that time, said to the ministers: ‘‘The mon-
strous waters of the deluge have spread and overflowed everything;
mountains are buried in its lap ; hills are buried therein ; its tossing
b}lllow;s” seem to threaten heaven; nations are ﬂeemg, who can help
them

After Minister Knau, who had been recommended for this purpose,
had shown hisineficieney by nine years of unsuccessful work, the emperor
called a very intelligent man, Yii Schiin, the son of a simple peasant, as
joint regent and successor to the throne, and intrusted him with the
erection of the works of protection against the water. He executed
these with remarkable circumspection and great energy, and yet a part
of the good lands were still covered with water after thirty vears spent
in great exertions and erection of works.

As soon as Schiin ascended the throne he called the dlstmgumhed man
Yi, first as minister and then as joint regent, and he accowplished the
most astonishing result during his activity of 62 years.

Yi regulated and canalized the most of the larger rivers; changed
their courses; erected strong levees; dug large lakes and ponds many
square miles in extent, inorder to gather the surplus waters of the
floods, to be subsequently used for the irrigation of sterile regions,and
he built a whole network of waste and feeder canals, in order to reg-
ulate the great velocity of streams, to facilitate navigation, and to fur-
nish the water for necessary irrigation. One of the boldest, greatest,and
most successtully exeeuted works of Yii is unquestionably the changing
the course of the Hoaug-Ho, or yellow river, in upper Schen-Ssi. The
mountains of Long-Men formerly diverted this great river to the east-
ward, and thus often exposed the capital of Ki-tsheu to dangerous over-
flows. To protect the city against this, and in order to give the course
of the stream a better direction, Yii opened a new bed for it through
the Long-Men range by blasting out the rocks and transporting the ex-
cavated material to a long distance. After the colossal work was com-
pleted, and the river had taken possession of its new bed and appeared
on the other side of the Long-Men range majestically flowing southward,
Yi being satistied with his work, caused a large inscription to be cut
into the rocks, of which, althongh nearly destroyed by the tooth of
time, enough remains after 4,000 years to attest to the enterprising mind
and high intelligence of the first minister of Schiin.

The foregoing brief reference shows that the two distinguished men,
Schiin and Yii, can be considered as the real saviors and founders of
the Chinese Empire, since with their eminent talents and knowledge of
"hydraulic constructions, they freed the country of deluging overflows,
and taught their people how to repair and prevent damage caused by
floods; they had proven to the Chinese that with their dangers they
possessed fruitful sources of wealth, and that it was a necessity to main-
tain and complete the original works, and to fight the rushing waters
continually. Although the Chinese have followed this advice faithfally
at all times, and have continued their works of protection against water
with extraordinary labor and means, yet unusual floods have cccurred
from time to time; these have destroyed provinces, many cities and
towns, and buried hundreds of thousands in their billows, but the tire-
less industry and the endurance of the Chinese people has always
repaired all damage and executed new and stronger protecting works.
More than 200 emperors have contributed to the construction of these
laborious and artificial works, and which required enormous sums of
money, by ordinances, advice, granting marks of distinction, and par-
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- ticularly by very liberal subsidies. Some of the emperors did not dis-
dain making plans and estimates for the new works with their own
hands, and the nobles of the Mongolian Tartars who had conquered
China in 1280 were compelled tG come to the resolution to preserve the
hydraulic works and continue their further construction in order to

maintain themselves on the throne of China.

I will now enumerate brietly the labor and works which the Chinese
did during the long period of 4,000 years, and at an expense of their
best powers and tireless industry, for the purpose of making war against,
carrying off and making use ot the great floods which threatened their
country, and the successes which they have gained by these works.

First of all, the streams and rivers of ‘the extensive realm were
thoroughly impw\ ed; very often led into newly excavated beds and in
other directions; caualized and inclosed with powerful levees to pre-
vent their overiow. Many very large lakes and ponds from 844} to
1,710% square miles in extent were excavated and inclosed with strong
dams, in order to catch the enormous flood waters which at times poured
down from the highlands, and to distribute them eventually into dis-
tant districts for the purposes of making them arable and irrigating
them. .

In this large country a network of more than four thousand canals,
many thousand niiles in length, were constructed for the purpose ot
connecting all the rivers and villages with each other. These had the
threefold purpose of taking up.the floods of the ditferent rivers; of dis-
tributing these and employing them for the irrigation of sterile fields,
and to create an extremely lively commerce and the cheapest transpor-
tation throughout the whole country for the products of its soil and
manufactories.

The greatest and most interesting hydraulic work which was ever
constructed by the Chinese is, however, the Yii-Leang-Ho, or as it is
generally called, the Yii-Ho, the Emperor’s river or Emperor’s canal.

This canal traverses China from the north to the south without
any break; has a length of 1,178}, or, accordiug to some accounts, 2,121
miles; a width according to the requirements of commerce of from 1554
to 1,037 teet, and a least depth of 8 feet 3.56 inches. It passes through
mountain ranges which cross its path, crosses valleys, intersects all
water-courses ﬂowmg from west to east, and therefore the greatest two
streams of the realm, the Hoang-Ho and Kiang, and connects the latter.
The Emperor’s canal which is justly admired by all, also serves the three
purposes, heretofore enumerated, so completely that it has contributed
materially to the increase of the agriculture and commerce of the coun-
try. In addition to these large canals just mentioned, which form a
-complete and very intelligently combined system for internal commerce
throughout the whole country, there are in China an immeasurable
number of smaller drainage and irrigating canals which were con-
structed for the purpose of draining swampy lowlands, and thus mak-
ing them arable. In earliest periods, already, so-called artesian wells
were dug for the irrigation of fields and particularly large gardens.
In the district adjacent to Thibet, 10,000 of such were dug, and the
natural fountains of Tsi-Tschiien leach a depth of 3,230.7 feet.

But the success of these works of the mdustnous and persevering
‘Chinese, which have been carried on uninterruptedly during 4,000 years,
is grand and worthy of admiration.

The immense quantities of water which yet pour down from the high-
lands of Asia, and which formerly deluged the country, are now caught
?y tl}elmany large lakes and canals and applied to making sterile fields

ruitfu
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The extensive lowlands, which this water once covered entirely or
turned into swamps, have been completely drained, cultivated, and
planted with mulberry trees, cotton, sugar cane, rxce, and all sorts of
_ grain, and now indisputably belong to the most cultivated and fertile
Iauds, in which neither weeds nor wild animals find room any longer.

China is indebted to this for its excellent system of agriculture, the
rich yield of its soil, the development in a relative degree of industry
in all of its branches, and finally to the facility which has been given
to trade and commerce by its improved rivers and numerous canals, for
its ability to support its large and dense population. Some of this pop-
ulation are already compelled to construct their places of abode on the
streams and canals in order not to divert the soil from cultivation, and
thus many large cities have come into existence which, like Vemce, are
sitnated in the midst of a labyrinth of canals.

From the foregoing brief reference to the admirable and favorable
results of the hydraulic constructions of China we Europeans are
assured that we can succeed either in removing entirely, or at least in
making harmless, the dangers from our increasing floods, and that we
can even make them useful. Our floods are quite small compared with
those which formerly deluged China. All that we need is the knowl-
edge, energy, and perseverance of that people in executing the works
which are recognized as necessary. It can be seen from the work of .M.
J. Dumas, entitled “Etude sur les inondations, causes et remede,
Paris, Lacroix-Comon, 1857,” which received the prize, that it is possible
to prevent floods in the rlvers and streams of Europe. This book con-
tains a very detailed and thorough discussion of this question. It was
published in order to compete for the prize which was offered by the
Imperial Academy of Sciences at Bordeaux in consequence of the extra-
ordinary overtlows which so terribly devastated and desolated southern
France in 1856. "

The author, after having studied the subject carefully, says that it is
true that it does not lie in the power of man to remove the original
causes of floods—that is, the very heavy rains which sometimes occur,
and the shape of the eart there are means.
by which these floods may be made harm’ess.

The author recognizes it as a fixed fact to start with, that floods be-
come more numerous and, 8o to speak, more regular by the clearing of
mountains and cultivation of former wooded areas, and that the meteor-
ological effects produced by clearings are much greater and more inju-
rious than is commonly believed.

As a result.of numerous measurements in the four hy drographlc
basins of the Rhone, Loire, Garonne, and the Seine, Dumas then com-
municated the very interesting fact that the quantities of waters which
pass over the banks of a streamn during extraordinary floods, and which
produce the overflow, hardly amount to J; of the annual discharge of
the stream, or, on an average, z1; of the total annual rainfall in its
basin. Now since the quantity of the waters contributing to overflow
is by no means as great as is generally supposed it will be possible to
retain this part of the rain, as soon as it falls, in low grounds, reser-
voirs, canals, ditches, and larger and smaller valleys. The means pro-
posed by Dumas to accomplish this purpose will be considered in stating
my final conclusions.

I will now give the following notable examples of means which should
be adopted in order to limit the destruction of forests, which is rapidly
getting the upper hand, and to facilitate afforestation, especially of
- mountain slopes.




41

Colbert, the distinguished French minister of finance, during the
reign of LOlllS XIV, who recognized the incalculable injuries produced
by destruction of forests, enacted stringent laws, in 1669, for their pro-
tection which were of the greatest benefit to the country.

During the revolution, however, most of the forests were devastated
and destroyed, and on the one hand many springs and creeks which
were formerly replete with water became dry, and on the other hand
the floods of rivers reached an unusual height ‘and caused frequent and
great damage.

In April, 1803, already, a new law for the protection of forests was
enacted, and as this was soon shown to be insufficient the French gov-
ernment called upon the most competent scientific men, such as Clave,
Buissingault, &e., to investigate this important subject. The chambers
adopted two laws which were submitted to them in 1859 and 1860 by
the Imperial French government, and which were based upon the opin-
ions given by the scientific authorities. The one fixes more stringent
limits to cutting down and clearing forests, and the other encourages
land-owners to tree-planting. An annual appropriation from the na-
tional treasury of one million francs for a period of ten years was made
for the latter purpose.

In Scotland also, since 1810, annual -prizes are distributed to land-
owners for afforestation.

In the United States of America, where the senseless removal and

* destruction of ancient forests by means of fire has already begun to
exhibit great evil effects, the Agricultural Society of Massachusetts
voted a prize of $1,000 for that land-owner who should during the next
five years plant the largest area with trees.

Mr. David Milne Home, president of the Scotch Meteorological
Society, in his work on the increase of the waters in springs on Malta,

" and the improvement of its climate, gave the Royal 1inglish government
the following advice, which was based upon his own researches and the
observations and opinions of distinguished experts, which have been .
given by me in the preceding chapter. His advice was that, in order
to increase the quantity of water in the springs on Malta, to improve its
climate, and to increase its fertility, it was absolutely necessary to afforest
the heights on the island. This should be accomplished by the govern-
ment by first planting the government domains with trees, then by
enacting laws for the protection of trees, and finally by offering a pre-
mium to every land-owner who should plant a considerable number of
acres of land with trees.

After I have thus, in the foregoing, given the opinions and projects of
the most distinguished naturalists and experts, and have mentioned the
attempts which were made and the experiences which were gained
during many years in other countries, it will not now be difficult to pro-
pose the arrangements to be made and means to be taken to prevent
the great calamities which result on one side from the more numerous,
higher, and consequently more destructive overflows caused by floods,
and on the other side by the continual decrease in the discharge of
springs, as well as inrivers and streams at their low and medium stages.

I deem it only necessary here to consider these arrangements and
means briefly, since their necessity and usefulness is already shown by
the opinions’ and experiences which have been enumerated, and because
a detailed description of the manner of making every arrangemeut would
exceed the limit of this treatise.

In order to avoid the calamities which have been mentioned, the fol-
owing arrangements must be made and measures taken, viz:
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1. For the general protection of forests, and particularly against the
destruction of these on mountain sides, rational laws must be enacted
and their obedience enforced and insisted upon with greater severity.
Daily experience teaches that the forestry laws which now exist in most
countries are either incomplete or are not obeyed by owners of forests,
and that thus one portion of the latter after another disappears.

2. Government should lead with a good example by introducing on
its domains a well-regulated administration of torests, and by planting
all bare places, especially on mountain sides, with trees. They should
also, through well-compiled printed circulars, call the attention of agri-
cultural societies, large land-owners, and separate communities, to the
great injuries which result to them through the destrnction of forests,
and the great henefits that will be gained by them by afforestation. It
can only then be expected that the individual communities and land-
owners will labor with united strength and assist the efforts of the
national government in this direction when the whole population have
thoroughly learned the great inflnence ot forests on the fertility of the
soil, on the security against overflow, and the maintenance of a regular
water-supply in springs, creeks, rivers, and streams.

It is, however, indispensably necessary that the government set
aside suitably large sums during a long period of years as premiums
for the encouragement and assistance of those land-owners who plant
large areas, and especially unfavorable ones, with trees. No real tax
should be levied on such afforests during a long period of years, since the
owners have in the first years a cousiderable outlay, and only derive
benefit from them after from 30 to 50 years.

3. The cultivation of cleared mountain sides and plowing of steep
hill-slopes should be prohibited by law, since from these loosened steep
-slopes heavy rains carry large masses ot earth and débris into the creeks
and rivers, create land-slides and dams, fill up and raise the beds of
water courses, increase the overflow, and thus imperil the general public
interests. Communities and Iand-owners should also be compelled to
stop, without delay, the washing off of hilly slopes, in which gullies and
slides have already been formed or are beginning to form. By means of
suitable works and plantings, at such points where the evil has alread y
acquired such large dimensions that the execution of such works would
exceed the ability of individual communities and land-owners, the
government should, in order to promote the general welfare, give suit-
able assistance.

4. In very steep mountain valleys, in which the creeks at a flood-
height undermine the mountain-slopes, roll before them large masses of
débris, and then partly deposit these at their exit from the valleys as
bowlders, and transport the remainder into the nearest rivers, raise the
beds of the latter, and thus give rise to higher overflows, continuous
dams must be built across them.

Since these dams hold back the débrisin mountain gorges, and detain
the waters produced by heavy rains in the basins created by them, and
only allow them to pass oft gradually, and thus serve a useful purpose,
several of them should be built in rear of each other in most mountain
gorges and long valleys.

5. The present favorite custom of draining and drying existing lakes
and ponds, particularly those which catch flood-waters and sometimes
even débris and allow the former to flow off gradually, should not only
be prohibited, but the efficiency and value of these reservoirs should be
increased by deepening them by re-excavating their muddy and raised
bottoms. The expense of this will be repaid in most cases by using the
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mud excavated from these lakes and ponds on the adjacent ﬁelds,-for
which it serves as an excellent manure.

6. Large suitable depressions uear creeks and rivers which carry off
large quantities of water in heavy rains should be converted into reser-
voirs by inclosing them with strong dams, into which at least a part of
the floods can be led, retained, and then allowed to run off gradually.
The sides and bottom of these reservoirs can always yet be used as
pastures or meadows.

7. From these reservoirs distributing canals and ditches should Le
led in every direction as far as the shape and conformation of the ground
will permit, and thus lead this harmless overtlow of water into those
regions where they can be employed to the greatest advantage in fertil-
izing, cultivating, and irrigating the land.

8. At the lowest points of these reservoirs, and in large, level valley-
plains, wells, as suggested by Dumas, should be dug. These wells should
be dug about 6 feet 63 inches in diameter, and down to the lower water-
leading layers; then filled with stone, gravel, and sand. Large quantities
of rainwater will then ooze into these, and hence they may also be called
sinking pits.

The swampy plain of the Pauluns at Marseilles, which could not be
drained by means of canals, was laid dry by King René by the construc-
tion of such sinking pits. If no water-absorbing strata is found at a
depth of from 13 feet 34 inches to 19 feet 104 inches, a hole must be
bored to such a.layer. Mulot bored several of these absorbing artesian
wells at Paris to a depth of 2653 feet, with a diameter of 5.9 inches,
which absorbed 1303 cubic yards of water per hour.

These sinking pits and absorbing artesian wells have also the great
advantage in this, that the subterranean layers are fed by them, which
increase the supply of water to springs or create new ones at distant
lower points.

9. According to the project submitted by Dumas, a whole system of
subterranean ditches, 1 foot 744 inches deep and wide, should be laid
out in large, level valley- p]ams, whmh should be covered with flat stones,
gravel, and earth. The filters or oozing canals expedite the oozing of
the water into the upper soil very materially.

10. By the measures which have just been proposed, it is intended to
hold back the water which falls during heavy rains in the basin of a
streamn as much and as long as possible, and thus cause a great part of
it to be partially absorbed into the lower strata of the earth’s surface,
and also to convert a part again into vapor, and then allow the remain-
der to flow oft gradually into the creeks, rivers, and streams, after they
have been made useful in the irrigation and cultivation of dry or sterile
lands.

But since, notwithstanding these proposed measures, large quantities
of water will during long and heavy rains flow into the creeks, rivers,
and streams, rise above their banks, and produce destructive overtlows,
a suitable improvement of those water-courses and a concentration and
inclosing of their beds to the normal width is absolutely necessary.
In this manner their beds are deepened, their velocity of discharge in-
creased, their water-surface lowered, and the dangers of overflow which
formerly existed are in most cases removed.

The improvement or canalization of the Rhine between Hiiningen
and Mannheim since 1817 gives us a brilliant and encouraging illustra-
tion. In many portions of this river, its water-surface has been lowered
about 5 feet 2} inches-to 7 feet 3 inches, and the height of flood-stages
lowered about 6 feet 2.7 inches, and the former numerous destructive
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" overflows of the beautiful plains in the valley of the Rhine have thus
been removed almost entirely.

11. If, notwithstanding the improvement of rivers and streams, and
simultaneous confinement of their beds to the normal width, floods still
rise over the banks and cause overtlow, both banks should be supplied
with levees at a suitable distance apart form each other, in order to
create a suitably increased cross-section of discharge for floods. But
attention must here be called to the fact that the building of levees
along rivers and streams before they are improved is very injurious.
The beds are then not deepened, but on the contrary filled up with de-
posits sometimes even higher than the adjacent natural banks outside
of the levees, and in case of a crevasse the dangers from overflow be-
come far greater and more extensive. This can be seen on the Po, on
most of the rivers in Northern Italy, and on those in Holland.

12. I further consider it my duty to recommend the construction of
navigable canals as means for removing overflows in a country, and at
the same time promoting its cultivation. By these the floods which
collect in the basin of a river during heavy rains can be led into other
regions and used for the irrigation of dry lands, and they assist in the
evaporation of a part of the water contained in them and in supplying
subterranean seepage and spring waters.

Navigable canals are particularly of incalculable benefit in flat agri-
cultural countries, as, for example, Hungary is. The farmer can trans-
port the yield of his land in his own boat to great distances and without
almost any expense; the cost of transportation on canals is only about
one-fourth of that of railroads, and only about one-tenth of that of haul-
ing on ordinary wagon-roads. They therefore contribute in a very ex-
traordinary degree to the increase in cultivation of the land, the euliv-
ening of internal trade and commerce, and promoting the welfare not
only of single speculators, but of the whole populations. This can be
plainly seen in Holland and China.

If the measures which I have proposed are carefully considered, it
must be admitted that their complete execution in the course of a long
series of years will demand great labor, considerable money, and par-
ticularly the united and energetic co-operation of all the inhabitants of
a country.

If, on the other hand, we look upon the remarkable success and re-
sults of these works in China and the plains of the valley of the Rhine,
and consider the suggestions made for France in the prize-crowned
work of Dumas, we can be confident that we can present the calamities
which on one side threaten us from increasing floods of rivers and
streams, and on the other from the continual decrease in their discharge
during low and medium stages.

It will also be manifest that the execution of these measures will re-
turn a large interest, will improve the cultivation and welfare of the coun-
tries, and enable the latter to sustain a more numerous population than
at present. The emigration of people from Europe to America would
then no longer be necessary.

These arrangements and measures, however, can only be inaugurated

" and begun by the higher goverments. They need for their execution
the enactment of many important laws, the adoption beforehand of uni-
form plans of operations for a long series of years, considerable money
and labor, and the sympathy of many antagonistic private interests. I
therefore take the liberty to commend this treatise to the gracious
appreciation of those enlightened statesmen and representatives of the
realms who are charged not only with the welfare and prosperity of
countries for the present but also for the future.
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At the same time I earnestly beg all friends of the natural sciences,
and particularly my esteemed colleagues, to subject the highly important
question discussed in this treatise to a most thorough examination, and
if convinced of the correctness of my proofs and conclusions, to apply all
their power and energy to the timely initiation of suitable preparations
and measures to prevent our beautiful mother countries from being gradu-
ally converted into deserts, and to guard future generations against
severe calamities.
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STAGE.
MEAN. - N - - T
YEARS. . LowEsT. ! HIGHEST.
. Feet. Inches. Date. | Feet.  Inches. ! Date. Feet, ! Incheo.!
\ 1m0 | 15 5.56 | Octoler18__ 9 l 5.27 ' December 2. 22 | 1094
71 13 3.40 | November 2 __ 8 5.95 ' Felruary 7_ 19 6.78 !
72 | 11 7.43 | December 11,12 6 | 523 " Muarchd . 204 920
3 10 4.80 ! January 12,13__ 5 7.96 | January 28_ 19 .18
‘ 74 | 12 0099 | December 12,13 4 | 1069 | March3,4_ .. 20 | 92
. 1775 12 5.41 | December 23-25. K | 5.5¢ ' February 9, 10, 16_ 20 10.23
| ;6 {l j 0.22 | November 17,18 g | 4.88 ;"'el»rl;]arx n.... r20 25; |
7 0 9.8 | October 7,15,18_ 2.81 ' March 2____ P2 .
] 8 11 | 1.45 | January 14-18 5 I 7.96 ' January 29 _ " Lo6.47 3
79 9 " 331 | October 30.___ 4 10.69  December 26__ |21 | 6.47 ‘
© 1780 10 10.36 | January 17,18 5 4.88  April 8—May 1,2 P19 472 |
81 10 6.76 | January 13 _ 5 7.96 ' January 29 23 2.03 |
82 10 0.48 | December 20__ 3 8.28 ' March 28___ 19 3.18 |
‘ 83 10 . 8.20 | December 26__ 3 | 5%  March13___ f 22 | g (2)% '
84 9 | 11.96 | October 28__ 5 590  March 1._____ |24 .
| 178 9 ' 475 | March l 2! e September 28 _ 18 ' 1.28
R6 10 1181 | January —e--' 4 1 9.67  February 16._. 118 | 10.54
87 9 . 11.45 | January3l—Februarys.' 4 I 11.73 | November1 }!_; 1(4). (39
88 | 9 ., 476 | Novemberio_ i 4! 555 " March 4o , .01
89 13 ° 3.61 | January 13 _ 5 1 5.9  February 3 _ 2l | 1.68
‘ 1790 8 7 6.46 | April13____ 5 3.33 ' December 23__ 19 5.76
91 9 4.76 O('tuhu}"l()__ 3 11.37 J}\ulmr.\.v .19 - 4.47
92 12 7.37 | January 16 _ 6 832 ' February 4 0.49
93 8 10.58 | October 28__ 3 5.19 ' February 17 1.63
' 94 8 9.03 | January 19 _ 3 6.22  February 19 3.34
I 1795 10 | 10.78 | October 10____ 4 0.40  February 28 __ 6.15
96 9 424 December 19__ 3 5.19  December 26__ 2.66 -
1 97 8 ¢ 9.03 D!arvh 31—April 3. 3 « 514 July h______ 5.71
1 98 8  10.58 | NovemberT___ - 4 ' 10.69 , December 9. 1.63
99 10 ! 10.78 | December 22_. - ; 3.49  February 21 (1) (6;:;
1800 T ' 0.44 | August 24 __ - 1.07 | January 17 _ .
‘ o1 11 3.93 | September 15 . 5 2.81 | December14___._______° 4.76
! 1802 9 . 1.67 | October3l—November6.! 3 0.04 | February 28—March 1_' 21 2.36
! i |
| : ]
: Mean__! 10 6.74 4 l 11.42 20 7.55
! . i
l | 1
1803 8 8.00 | November 14 __________ I 3 ‘ 1.07 ' February 23 _________.. 23 7.18
04 1 0.32 | October 10__ [ 2.46 ' January 4 __ .21 8.53
| 1805 10 8.72 | October 14__ l 5 6.93  February 11 | 24 5.48
06 11 3.41 | November 17 _ ' 5 I 2.81  January 25. 21 11.67
7 9 5.2T | September T __ 4 ' 555 ' February 16 22t 1,67
08 9 6. 30 {ammry 29—Nov. 20 _"l 5 5.90  February 6. 19 1;). 25
(G 10 6.66 | November 24 _ 4 2.46 * January 28 Co24 .66
1810 8 9.03 F)'el'r'uary 9. _? 3 5.19 ;‘ebruary 30 gﬁ ]:}. gg
11 8 ' 4.40 | October 27-30_ 2 9.98 ‘ebruary 3 _ 0 . 24
12 9 ' 3.42 | February2 ____________ 3 . 7.25 'April8_____ 20 9.20
13 8 4.30 | January30—February?7. 3 0.04 ' February 22 116 10.86
14 8 | 9.03 Oct. 25—Nov. 5, 11-13__ 2 9.98 | January 23_ 24 7.50
1815 8 | 2.24 { January 26_ -3 1.07 18 11.57
16 12 ! 8.67 November 4 6 b5.23 ] giib 1(5). gg
17 11 8.15 | November 29 3 6 0.08 i .
18 8 6.36 | December31___________ 2 .95 19 5.75
19 6 9.35 | May 30—June 1 3 8.28 ' December?29__ 22 8.88
1820 7 8.78 | October19,20__________ 4 2.46 - January 24 _ 22 11.97
21 10 4.19 | Feb. 24'-,. 2:’»1—Murch 2,3 4 1.43 Y'Warch 16___ ! }g lll‘kgg
22 7 © 219 | December18___________ 3 1.07 ' January 2__ { .
23| 8 . 6.97 | Nov.28 30—Dec.1,2.__| 4 1.43 ' February 14 __ 17 8.13
24 11 ¢ 7.43 | January 23 ___ 5 11.05 | November 18, 19_ 23 6.15
I 1825 8 7.18 | October 22, 2 3 11.37 ! December9.__ I 20 1.99
26 6 | 3.58 | Octoher 20-31_ 1 5.51 | February 28 14 4.99
27 10 . 0.48 | October 15, 16_ 3 11.37 , March 6____ 21 gig
28 8 6.36 | November 15 _ .3 6.22 ' January 18 ___ 18 .
29 9 3.32 | Junuary 18 ___ 3 0.04  September 22 _ 16 11.89
| 1830 9 . 10.83 | December 23-2 5 1.78 ! February 28 22 10.94
31 1 - 3.2 February 3 _ 3 6.22 ' March 10___ 22 3.73
3 1 0.60 )etober 31 2 0.71 . J 16 .- 19 ' 3.69
3% g i 615 (l;r::x:rry 15-17 2 5.86 | n‘l?‘c",:.'ger 2. I 23 1.00
34 6 1+ 10.17 | October 15-20_ 2 3.80 | January 7_. {23 1.00
1835 6 ’ 9.86 | December 25 _______ 2 2.77 . March 21 ; 15 2.26
] 0
Mean__| 9 , 1.26 3 9.41 i ‘ 20 8.38
! o i
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II.—Table of Gauge-readings of the Rhine at Cologne.

STAGE.
MEAN. -
YEaRs. LoWEST. HIGHEST.
| Feet.| Inches. . Date. - Feet. ' Inches. ! Date. I Feet. | Inches.
|
1782 + 10 4.60 3 | 8.28 | March26____ _--___! 20 1.99
83 10 0.48 3, 7.2 March 10 oo I24 3.42
84 10 6.15 2 . 9.98 February 28 o4 5.37
1785 8 2.86 2 i 5.8 | April 24 __ 15 8.80
86 9 7.33 2 8.95 | December 1 18 4.37
87 8 11.61 11.88 | October 31 19 11.83
88 8 2.86 1 5.51 March 2__ 16 1..86
89 11 |. 11.65 4 10.7) | January 30 ___ 23 5.12
1790 7 11.77 4 6.58 | December 21__ 20 7.14
9l | 8 | 9.03 - | 10,30 | January 17-. 21 | 10.59
92 11 8.56 eeece-==} O | 4.88 | February 2. 25 3.78
93 8 8.00 3 11.37 | February 14 ___________ 18 6.43
94 R (- F [
1795 | | ceem o R
96 0.64 | December 17 __________ '3 5.19 | December 25 22 1.68
97 8 5.95 March 31—April 1 ____. 3 7.25 | June 15 __ 17 2.98
98 8 6.97 | December 31 I3 8.28 | December & 19 4.72
99 | 10 | 10.78 | December 24 I3 6.22 | February 24 ___. 26 0.01
1800 6 10.38 | February 16—March 16_° 3 2.1) | January 5 17 9.18
01 11 2.90 | September 15 ____.____. 5 4.83 | December 13__ 23 10.27
02 9 1.15 | Novembher3 .aaea.. 2 11.01 | March 1___._. 21 9.56
03 8 3.89 | Novemberl2_._.__ 2 9.98 | March 5__ 18 8.49
04 11 3.41 | October 10_____.__ 5 3.85 | January 3 _... 23 9.24
1805 10 5.63 | February 5 ____.____.. 6 3.17 | March 7 23 7.18
06 12 0.10 | Novemberl7____ b 5.90 | January 23 __._. 24 5.48
07 9 7.33 | September 6 ____ -4 11.73 | March 1 26 5.16
1808 9 4.24 | December29________... | 4 8.64 | February4 ___. 21 '9.56
|
Sa. .- ! 2 ' 2.27 98 10.78 554 4.27
Mean__! 9 I 7.01 3 11.46 22 2.21
|
1809 10 3.57 | November 23 4 4.52 | January 28 . 27 11.70
1810 9 2.36 | October 16 ______.ce... 4 5.55 | December 29 21 5.44
11 e | mm—— - ———— — | e——
12 P . — ———— _— ———
13 8 7.90 | January 27 2 0.71 | February 24 ________.__ 18 0.25
14 7 4.25 | October 22-26_ 3 4.16 | March 26, 27__ 19 9.87
1815 8 10.89 | January 29___ 3 0.29 | March 9____. 22 10.94
16 12 7.89 | November2,3_ . 6 7.81 | January 22 _ 22 10.95
17 1 10.21 | December 8,9_ 5 10.02 | March 12___ 24 11.66
18 8 10.17 | December 30__ 1 8.60 | February 26 __ 18 4.37
19 7 5.90 | January 9 ____ 2 6.89 | December 26_. 28 3.82
1820 8 2.86 | December 31 4 1.43 | January 22. 27 6.55
21 10 2.85 | January 2___. 3 0.04 | March 14___ 20 5.08
22 7 4.15 | December 25__ 1 1.39 | Javnuary1l.__. 16 1.59
23 8 9.03 | January 2____ 1 9.62 | February 13 __. 19 5.75
24 12 2.95 | February 22, 23_ 5 10.02 | November 16 _ - 27 10.67
1825 9 1.46 | October 20___. 4 8.64 22 10.94
26 K 4.15 | January 14 _ 2 5.86 15 2.26
21 | 10 3.05 | February 23 __ I3 8.28 25 7.90
28 9 3.93 | November 10 14 !4 5.55 20 11.26
29 9 6.41 | January 25 ___ I | 5.51 17 10.19
1830 9 8.46 | January 2 I 9.62 23 5.12
31 1 11.34 | February 3 3 1 416 25 10.99
32 6 7.91 | October?29 3 1.07 - 21 7.50
33 9 6.61 | January 15 _ 2 4.13 | December 27__ 26 10.31
34 7 7.96 | Octoberls ____ 2 11.53 | January 5 ._ -] 26 7.22
1835 7 9.91 December 24-2f 3 1.07 March 20 __.__________| 14 9.12
T 231 0.40 ‘5.18 I 557 | 11.44
Mean__! 9 2.89 4.05 | 22 3.82
| | i i
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I11.—Table of Gauge-kading: and discharge of the Rhine at Germersheim according to the
observations, measurements, and calculations of H. Grebenau.

! MEeAN ANNUAL DISCHARGE
YEARS. ! ANNUAL STAGE IN
l‘ 1N Feer. Cusic YARDS.

1840 ’ 3.8417 l 53, 630, 013, 273
41 4.8423 ! 59, 489, 308, 622
42 ' 2. 6081 i 44, 594, 733,302
S S 5.4557 | 64, 458,519, 388
m | 4.8554 | 60, 386, 843, 573
1845 ‘ 4.3338 i 57, 186. 116, 560
46 o 49342 59, 950, 733, 352
7 | 3. 2905 50, 489, 422, 608
" 1 2.3302 43, 562, 866, 229
49 2.5294 45,010, 294, 582
1850, — ; 3.7367 52, 125, 724, 853
51 i 4.0025 | 55. 841, 533,109
52 3.2381 49,819, 903, 973
1853 1 2. 9986 47, 622,196, 094
Mean for 1840-1853 oo oo i 37809 | 53,154, 869, 396
1854 ! 1.5911 39, 542, 033, 419
1855 . I e 52,330, 044, 394
BB e e m m e e m e m e m e m e mmn +2.1915 - 42, 806, 809, 529
57 ; —o.v623 29,721, 831, 281

‘ B e e e e L 405118 33, 261, 325, 584
59, o 2. 0898 41,970, 651, 432
1860. i 5.1442 61, 720, 222, 958
61 2.0242 42, 694, 508, 311
62 1. 8208 39,707, 448,331
63 2.3129 42,705, 802, 368
64 N 1. 8495 41,402, 844, 185
T 0.4514 35,012, 984, 273
Y 3.4004 ) 50, 081, 554, 462
1867 . 5.4361 64, 014,497,076
Mean for 1854-1867 . 2.3560 44, 061, 059, 828
Decrease in second period [, - 1. 4299 9, 093, £09, 569
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IV.—Table of Gauge-readings of the Elbe at Magdeburg.

STAGE.
MEAN.
Years. LowEsT. HIGHEST.
Feet.| Inches. Date. * | Feet. | Inches. Date, Feet. | Inches.
|
1728 ki 10.37 | Jannary 4 6.57 14 3.97
29 9 1.97 | November - - 5 0.75 16 2.62
1730 9 4.21 | January_ -l 5 1.27 15 7.93
31 8 8.37 | October 19_ ] 7.96 16 8.80
32 8 11.33 | December _ - 5 7.45 14 11.18
33 K 4.57 | August____ | 5 1.27 13 3.61
34 9 5.83 | November <] 5 10. 54 15 5.69
1735 9 3.70 | December _ -6 0.08 16 5.20
36 9 0.95 | January.___ - 6 4.71 16 9.32
37 | 10 7.26 | July 26____ | s 9.86 | January 28 __ | 16 9.32/
33 9 2.83 | November._ 4 b 11.05 | February 18 _ | 16 5.20
39 10 3.96 | January 2 _ - 5 4.36 | February 28 _ -] 15 10.50
1740 9 8.37 | January_____ A6 3.87 | December 27_ 16 11.63
41 9 10.68 | December 24 6 5.75 | January 18 __ 17 3.75
42 9 2.76 | December 24_ -5 3.33 | March 17__ 16 1.59
43 8 11.98 | December 24. - 6 2.14 | April 11 13 11.85
44 8 11.14 | January 6 _ 4 10.18 | March 13 17 2.98
1745 1 10 1.05 November. - 6 6.77 March 27 16 11.89
46 1 7.55 | June 30 ___ 4 6.58 April 30 15 8.78
47 8 7.65 | September_ -l 5 3.84 | December 21. 17 0.92
48 10 1.30 | January___._ | 5 3.84 | Aprill5_____ 17 1.95
49 9 9.69 | September 20 -l 6 1.11 | February 5 16 0.05
1750 8 7.00 | February 5 __ 5 1.27 | July 19____ 16 8.29
51 1 8 ] '9.35 August 19 _ ] 5 3.84 March 2 16 10.09
52 | 8 0.98 | July4_____ 5 7.96 | August 9 16 4.42
53 8 + 4.54 | Julyl13____ -5 3.84 | December 30_ 16 10. 86
54 | 8 | 825 | December 4 -i 5 3.84 | January 2___ 17 2.98
1755 9 ] 7.35 ! January 3 .__ 45 7.96 | April4__ 17 5.04
56 9 5.87 December 16 - 5 9.51 April 9___ 16 7.26
57 | 8 | 10.38 | July 19__ -] 6 2.14 | April 7__ {15 1.24
58 + T ¢ 751 |Julys_______ M} 0.75 | March 30. -l 16 2.62
59 1 4.82 | November 26 - 4 10.18 | January 16 - 11 4.70
1760 i 9 1.03 | September 9 _ | 4 11.95 | February ¢ __ -l 16 2.62
61 } 8 4.1 December 10 44 1.94 | February 28 _ R 3.75
62 8 | 1.71 | December 27. dos 0.75 | February 25 _ | 16 7.26
63 8 ' 3.68 | January 19 __ -l 5 9.91 | December 9__ - 13 0.52
64 | 9 11.78 | August2__ -l 6 7.75 | January 7 _ -l 16 5.20
1765 | 8 5.98 | August1l._ ) 0.59 | January 15 | 14 8.09
66 7 | 9.52 | December 31_ S 3 5.29 | July 25____ - 13 5.67
67 . 8 7.29 | January 9___ -3 7.25 | February 20 _ | 15 4.33
68 8 5.40 | December 20 - 5 8.48 | March 1___ .| 16 8.28
69 | 10 | 19.31 | February? 1 s 5.75 | December 30_ 11 1.95
1770 12 5.08 | June 23 _____ T 8.16 | April9____ 417 1.95
71 12 11.49 | November1l. | 8 2.3¢ | July 5. - 17 6.58
2 7 9 5.02 | December 12_ 4 5 8.65 | March 6 | 16 7.26
73 l 8 7.93 | January 6 ___ -4 10.39 | January _ 13 3.61
T4 9 11.16 | August 29 _ - 5 6.58 | March5_____ -| 16 2.62
1775 ¢ 9 3.73 | October 2____ -l 5 3.84 | February 16 _ S 7.61
76 ¢ 9 § 1.03 | November 14 -l 5 5.65 | February 16 _ - 16 5.36
1797 © 9 1 3.82 | September1___ 5 6.58 | March 26______________ 16 4.42
i |
Sa.-..'457 | 127 218 | 0.39 802 | 8.54
Mean
for 8 10.00 5 6.73 18 1.4
1728-"17
1778 9 3.73 | August 31 5 3.85 | January 31____ 14 0.88
79 7 9.27 | Junel4.__. S 10.01 | December 19_ - 15 7.93
1780 8 6.94 | August 14 ___ - 4 10.3¢ | March 13____ 17 3.66
81 10 8.22 | September 5 _ - & 6.58 | February 21 . I v €.58
82 8 1.54 | September 25 - 3 10.68 April 9______ | 14 9.46
83 9 8.82 | December 24 . - 5 3.85 | January 20 4 17 6.58
84 T 1.47 | September 19 | 4 7.26 | March 7___ 1 5.72
1785 8 7.27 | -December 26_ 4 4.52 | April23_____ - 18 4.11
86 9 3.21 | June?23 ___ o4 9.15 | August 31—Sept. - 15 11.53
87 7 6.38 | August 29 _ 4 4 6.32 | March 8_____ -l 12 5.05
88 8 0.62 | September 2 -l b 3.85 | April T__ - 12 5.99
89 9 3.42 | September.___ 4 6 9.51 | February 17 1.95
1790 6 4.45 | August 20 ___ - 3 5.89 | February 19._ | 13 7.22
91 6 5.97 | September 27 - 8 8.79 | January 23 __ - 10 11.81
92 6 10.04 | January 11 __ -l 3 3.13 | December 27.. -4 12 2.22
93 7 3.70 | January 14 .. _______. 3 10.85 | March 10_. - 12 10.72
1794 6 10.69 | June 21, July28,Aug.2. 3 11.63 16 4.68
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IV.—Table of Gauge-readings of the Elbe at Magdeburg—Continued.

STAGE.
MEAN.
YEARS. LowEsT. HiGHEST.
; Feet ! Inches. Date. Feet. | Inches. Date. 1 Feet. 1 Inches.
- —

1795 ' 7| 9.70 | June1s 3| 163 March2l oo 1 1B | 3.6
96 | 7 4.51 | October 5_ 4 3.4 December 31 13 3.61
97 i 6 11.90 | August 31 __ 4 L«H January 1 13 4.43
98 I 8 2.03 ! December 15_ 4 1.43 | February 1 4, 191
9% ' 8 5.83 | December 18 4 1.43 | February 28 17 7.61

1800 | 5 7.70 | August 19 ____ 2 7.57 | April 6____ 12
[ S 7.02 | September 10 _ 4 6.32 | March 12_ 13
02 7 0.17 | October 8___ 3 8.28 | March 30_ 15
03 7 8.54 | January 27 ___ 4 0.40 | December 30 15
M 9 5.92 | September 22 _ 5 1.78 | January.__ 16 !

1805 9 1104 6 4.20 | March 4 17
06, 8 9.22 4 1.43 | March 26— September._, 15
077 7.56 3 5.19 | March o_ 17
g ;6 8. 95 ! 3 Q.82 April 13 _ 17
09 6 4.39 September 1-28 _ 3 2.10 February 5 17

1810 5 4.03 1 January 15___ 2 7.23 | March 8,9,1 16
11 5 4.44 | September 30._ 1 11.94 | February 16 13
12 7 5.17 | February 3___ 2 10.32 | April v _____ ‘16
13 6 1.40 ' July 8.__ 2 8.26 | February 24 ______ " 15
14 5 7.66 ! August 16 42 3.80 | March 31—April 1 18

1815 6 ] 3.30 ' June S—November3.__| 3 4.16 | August 17_ 15
16 1 6.13  December 14 3 2.10 | March 20__ 18
17 . 6 | 10,01 , December 31. 3 [ 210 | March 11_ 14
18 . 5 , 4.72 | December 22 2 | 7.92 | March28_ 10
19 |7 2.87 | January 1 3 1.07 | December 31 14

1820 | 5 5.10 | August 29 ___ 2 6.89 | January 31 17
21 T 1.56 l February 28— March 1-_‘ 4 1. 4 March 18 _ ' 15
22 6 | 0.68 | July 16- 3 b. March 25__ - 1n
23 5 | 732 ' Novemler3 .. 3| o Murch 3. T
24 7 1.46 . September 25 _ 4 6.58 | July 3.__ 17

1825 6 1 5.41 August10.______ 3 8.28 | January 11
2 ' 5 | 9.30 Scptember 29 _ -3 4.16 | May 10_.

1827 T . 3.94 Augustl3 _____________ 3 3.13 | March 8

|
Sa..__ 368 | o070 ! 19 | 1L74 7.41
. | I
Mean | : |
for' g g | 3 | 11.03 15 | o086

1778- . | :

1827. 1‘ |

1828 7 10.91 June 25 . __ 3 10.85 | January 22 16 2.62
20 8 2.20 Augu»t 20 4 10.69 June 18 ___ 13 8.76

1830 1 7 | 10.74 | August3 4 | 0091 | March 7. 18 | 0.25
31 8 2.%6 ‘ July 19______ 5 0.75 | March 12_ 16 4.68
32 5 1.74  November 30 - 3 1.07 | January 20 . 12 4.28
33 6 6.19 - January 3 _ 1 0.35 | December 31 16 3.65
34 [ 5 10.70 | October 9_ 2 8.95 | January 6._ 16 10. 86

1835+ 4° 3.00 | December 13___________| % . lg # :g
36 4 . ! . 65 .
37 n . ] 3 . 16 6.74
38 7 2.50 | 3 . 17 4.00
39 7 7.65 - 3 - 16 0.56

1840 | 6 | I.1L | 3 ) 15 | 84
4 6 | 729 | 2 . 17 | 5.04
42 4 6.58 | 1 i 13 11.85
3 1 7 4.56 3 X 14 8.09
4 @ 7 B8 i S PO 3 . 18 0.25

s - 1 5 18
47 « 6 11.41 g S %Z }? gz
48 | b 4.88 . ).

9 | 6| o008 2 . 12 | e

180 7 7.65 3 X 18 X
51 | 7 9.71 4 5.55 16 2.62
52 | 6 7.29 3 5.19 17 4.01
53 6 10.38 2 10.01 16 10. 86
54 1 2.50 4 0.40 16 7.7

1855 7 9.71 3 0.04 18 0.25
56 6 2.14 3 3.13 16 3.65
57 4 8.64 2 9.98 8 3.88
58 5 1.78 2 8.96 15 1.24
59 5 1.78 2 2.77 12 6.34

1860 6 9.35 2 2.71 17 8.13
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IV.—1able of Gauge-readings of the Elbe at Magdeburg— Concluded.

[l
]' : 8TAGE.
i MEeaN. | ST e O
YEaRS. | LOWEST. Hicrest.
“‘eet.l Inches. i Date Feet. | Inches. Date. Feet. | Inches.
1861 6 10T | e 13 5.67
62 5 5.86 18 10.54
63 4 6. 89 10 8.72
M 4 0.71 - 10 11.81
185 | 4 9.62 18 0.25
66 | 4 10.65 |- .. 9 | 11.46
67 i ki 4.83 | 16 3.65
68 | 6 2.1 13 5.87
1869 | 5 192 oo cmaee 12 | 10.46
|
Sa.___.l258 | 1075 ! 130 | o.07 644 | 8.51
{
—_ ._.‘ — J— — —_— ————
Mfelm
for | !
1828 [} 1.98 3 1.14 15 2.21
1869. i L




V.—Table of -Gauge-readings of the Oder at Kustrin.
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8TAGE.
MeaN.
YEARs. LOWEST. HioHesT.
Feet. | Inches. | Date. | Feet. | Tuches. Date. Feet. | Inches.
1778 5 2.09 | July 28-30____ ... 3 4.16 9 3.21
79 5 0.58 | May30._.._. 2 2.77 9 11.97
1780 5 7.94 | Scptember 19 _ 2 0.71 13 7.73
81 4 7.02 | September 23 _ 1 5.51 9 2.70
82 4 3.95 | September 30 _ 1 5.51 8 4.92
83 5 9.10 | November 10 2 5. 60 11 1.88
84 5 0.56  October 11___ 2 3.80 11 5.99
1785 5 8.36 . December 18 3 3.14 15 6.38
86 6 6.26  July _____ 3 2.10 11 2.3¢
87 5 4.57 ., October 2 5.86 | February 25 9 11.97
88 4 10. 21 October __ _ 2 5.86 April 9____ 9 11.45
89 6 2.14 | June___ 3 4.93 | April 20___ 10 11.29
1790 3 5.79 | August__ 1 6.02 | February 26 7 1L.77
91 3 3.16 | October. 1 1.39 | February 27 5 7.96
92 3 2.87 | September._ 41 4.48 | March 22_ T 8.16
93 4 7.66 | September_ 2 3.29 | March 12_ ks 6.10
94 4 1.55 | July ._____ 1 8.60 | March 10_ 10 9.76
1795 4 0.60 | September 1 10.65 | March 2__ 6 11.41
96 4 2.63 | October ___ 2 2.77 | January ¢ 5 11.05
97 3 5.26 | 1 10. 65 April 23 _ 6 4.72
98 5 9.12 , 3 3.65 i 10 5.11
99 b 4.52 2 1101 10 5.63
1800 2 11.45 1 5.51 8 3.88
oL |. 4 8.07 ! o2 4.83 8 6.97
02 4 €.29 | November_ 1 9.62 9 0.12
03 4 3.87 | September. 2 8.95 7 6.62
04 6 0.48 | September. 2 11.01 10 2.02
1805 5 0.82 © August__ o2 4.83 11 4.96
1806 5 1.07 ’ July - . 2 3.29 8 8.26
Sa.__.. 138 0.49 ‘ 66 4.51 274 4.37
A} H

Mean. | 4 | 9.12 ' 2 | 3.46 9 | 533
1807 4 10.37 : September_..______.____.! 1 | 10.65 | February 28 ._._..__ 10 6.14
08 4 2.48  August__ S | 11.68 | April 23 __._ 9 1.15
4 3.93  August__ | 2 6.89 | February 17 9 0.12
1810 3 4.31 | September._ S (] 8.24 | March 19__ 9 11.45
11 2 7.71 | September_ ] 0 6.18 | March 16__ 1 4.66
12 3 2.07 | October____ .1 3.45 | April9_______ 5 11.05
13 4 9.72 | June_____. 1 9. 62 Sepvember 12,13 11 5.99
14 3 11.53 November - 1 10.656 | April 8 _______ 13 4.13
1815 3 7.14 | November ___ -2 2.7 6 1.1
16 4 11.03 | October 24, 25_ - 2 6.86 9 9.91
17 4 3.93 | October 7_.. A1 4.48 9 1.67
18 3 8.79 | July 28,29_ - 1 11.68 6 11.41
19 3 11.32 | July 25-27_____________ 1 7.67 7 0.95
1820 4 1.36 | August 30—September 9. 1 4.48 9 3.21
21 4 5.15 | November2l__ 1 11.68 7 9.19
22 3 0.90 | December 20- 0 10.30 7 5.59
23 3 0.44 | Sept.20,0ct.4, 31 1 2.42 7 6. 62
24 2 11.13 | October 5. _________ 0 1.03 (] 0.08
1825 | 2 | 10021 | Sept29,30—0ct.2,6,6,23. 0 | 9.27 6 | 268
26 3 3.79 : October 6______________ 1 1.39 T 11.77
27 3 10.88 | October 19-24_ A1 1.39 9 1.15
28 4 7.37 ; June 25-27 __ 401 3.96 | January 27 . 8 9.03
29 5 8.35 | September 18 o2 9.98 | June 25, 26 .. 9 3.39
1830 4 10.23 ' Auguat 16 _____ -1 4.48 12 11.49
31 5 8.20 | May 3l—June 7 | o2 6.89 10 0.48
32 3 5.27 | November29_.___ -1 4.48 8 2. 86
33 4 3.57 S | 11.68 10 1.51
34 3 0.36 -0 3.09 10 7.69
1835 1 8.54 ) 3.09 | January 13,14 __ 4 2.46
Sa___| 112 10.07 42 10.36 251 10.83
Mean__| 3 10. 69 1 5.73 8 8.23
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VI.—Table of Gauge-readings on the Vistula at Kurzebrack.

, STAGE.
MEAN. |
YEARS. ‘ LOWEST. HIGHEST.
| Feet.| Inches. i Date. Feet. | Inches Date. ‘ Feet. ' Inches,
1 |
1809 7 3.79 ' September3___________| 3 7.25 17 | 401
1810 5 5.39 | October T____ - 1 10.65 | March 16_ 15 . 11.53
11 3 9.65 | September 27 0 10.30 | March 15_ 12 ' 9.9
12 6 7.03 | June 26 ._ -3 5.19 13 ' 413
13 8 3.63 ' June 20 __ 4 1.43 22 ' 9.91
14 7 3.79  October 27_ 4 3.23 | April5___ 17 ¢ 10.70
1815 8 3.63 ¢« June 18 __ 4 11.73 | August 7 15 | 9.47
16 10 0.48  August 24 _ 5 6.93 | March 25_ 21+ 2,35
17 8 4.40 : (October 4—November1_ 4 4.52 | February 4. 16 10. 86
18 K 4.56 | December 20 _________ 3 6.98 | January 31. 20 1.99
19 6 1.88 ' October 17__.. 2 11.01 | February 13 _ 14 ‘ 5.26
1820 7 8.68  September 6 _ 3 10.34 | December 22_ 15 9.47
21 9 2.4  Juneld __ 5 1.78 | March 25___ 18 7.46
22 6 1.11  June12._ 3 0.04 ;| Felruary 14 20 . 4.05
23 6 0.08  September 26 3 4.68 | March 13 17+ 6.07
24 6 8.84  October 6. 3 9.82 | January 27. 14 | 3.97
1825 6 7.81 . Octoler 21 3 8.28 | February 12 113 + o0l
26 [ 1.63 . November 4-1 2 10.50 | January 4 _ 13 ¢ 4.64
27 6 1.37 . October 21-27__ -2 3.80 | March 12___ 20 ’ 6.11
28 6 6.52  June 27 __ -l 3 4.68 | December 31_ 20 T.14
29 9 9.65  October T_ -4 10.18 | April 7___ 24 | 0.84
130 ¢ 7 5.59 | September 9 ___ - 3 5.70 | March 25_ 20 10. 49
31 | 6 11.41 | November1-10_ -1 3 2.10 | March 27_ 16 | 9.83
32 4 11.73 ! August 28 _ . 38 0.04 | March 20_ 6 9.35
33 5 10. 54 i July 13 ________ 2| 3 | 4.68 | February 22_ 15 7.42
34 5 } 6.42 | September 27—Oct.5___f 1 9.62 | February 21 17 9.16
1835 4 1.43 | November 19 __ 1 7.05 | February 3_ 8 ' 4.92
36 4 10.69  September 4-6 _ 1 10.65 | March 1u_ 13 6.18
37 7 4.82 ' September 5-10 3 2.10 | March 26_ 19 ‘ 4.21 |
38 6 3.43 | October 15-19__ - 3 1.07 March 25_ 19 2.66
39 K 4.82 ' August1__ -3 5.19 | March 31_ 20 3.02
1840 9 1.67 ‘ August ¢4 5 2.81 | February 2 ____________ 16 6.74 |
Sa_.____ \ 219 11.54 1 109 1.84 . 542 i 0.67
i ! !
i T I
Mean__! 6 | 10.64 3 5.19 16 | 11.38 \
1841 6 1.11 | November 10 1 5.61 | March 25__________ 21 2.86
42 3 0.56 ' September 21 —0 4.63 | March 12_ 8 3.88
43 5 10.02 | May 26_ 1 6.02 | February 16 1.59
44 9 9.65 | July6__ 4 0.91 | April2_ 22 1.67
1846 8 1.31 | October 2. 3 11.87 | April 8_ 22 0 2.70
46 7 9.45 | November 24 1 3.45 | March 8 20 ' 10.23
47 5 4.10 | Jupel2 _____ 2 3.80 | June23 10 9.75
48 4 2.20 | September 23 0 5.15 | March 2__ 14 0.88
49 5 0.76 | August 24 ___ 1 5.51 February 4 _ 19 4.72
1850 6 11.41 | September 7 ___________ 1 6.5¢4 | March 15 18 9.52
51 6 2.91 l October29—Novemberl.| 3 7.25 | March 23_ 16 9.83
52 4 7.61 | October 15-18__________ 0 5.15 | April 9_ 12 9.43
H3 8 3.12 0 4.72 | May 3.___ 17 ¢ 9.16
54 7 8. 68 l 3 2.10 | March 18_ 23 2.54
1855 10 0.99 ' 3 4.16 | March 27.__ 28 3.81
56 5 3.85  November4-6 _ 1 0.36 | February 19 13 11.85
57 4 8.64 1 December 1__ 0 5.16 | Aprillo__ 13, 5.67
58 4 1.17 i November 16 —0 6.18 | Aprill___ 13 1 670
59 3 3.90 ' August 26 ___ —0 5.15 | March 14_ 12 4.28
1860 6 7.55 ' November 14 1 8.579 April 10__ 19 | 8.87
61 4 5.03 | November 4 _ 0 2.07 | February 21 19+ 0.60
62 | 2 5.60 ' November 23 1 3.45 | March 29___ 13 670
63 0 4.12  September 1. —2 0.71 | January 24. 6 3.17
64 4 1.43 | January 6 0 0.00 | July 13_ 10 10.78
1865 4 1.69 | August 3 _ 0 6.18 | April 18 18 3.3¢
66 2 6.38 | December —0 [~ 5.156 | April 1___ 9 5.27
67 T 4.56 | October 3___ 1 10.65 | July 19_ 20 7.14
68 | 5 | 976 | November 28 —0 | '8.24 | March6.. 20 | 1.9
69 - 3 3.13 | September 22 —0 2.07 | March 25_ 1 5.99
1870 6 0.08 | September 18 0 7.21 April 8___ 21 1.31
1871 6 4.20 | September 24 __________ 0 10.30 | March 3____ 21 8.53
Sa___.. i 169 0.61 32 9.36 520 8.52
Mean__| 5 5.39 1 0.70 16 9.14
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VII.—Table of Gaugye-readings of the Danube at Vienna.

YEARs.

B
a
1

—

—
PEPREIONO WIS AN WONOR WS
< 3 n

CHM:##LMHH&-‘F‘&MMMON&&&@.—

STAGE.
Lowesr. [ HiGHEST.
|
Date. F'Feet. ! Inches. ] Date.
January 17 ____________ ‘ —1 ‘ 10. 82 1 June 21
ry ., —0 &30  June11-13 _
December 10, 19,12 ... 0 3.11 | September 18 '
January 23 ___ =0 0 1037 DJunel2o_____
December 29._ = 67  September 26
February 3 . ‘[ —3 31 ! March7___
Novemberl._ | —2 90 | Augustl__

lunlmv v10 ..

- -2
- —2
. January 3 _ =2
February 12 _ =2
December 27. 1 -3
January 6_ e
December 20 .

November21-23.
January 15-17
January 27 __
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January 17 __
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50 August 5,6
24 January 2 __

—

~
proemsSeaxSuosy

=
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05 July 5.
10 May1._
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IX.—Table of Gauge-readings of the Danube at Orsova.

| STAGE.
! MEAN. T
i YEARS, LOWEST. HIGHEST.
I S (R N PR - S R
‘ ' Feet. ' Tnches. Date. Feet. | Inches. Date. Feet. | Inches.
—— e — .
" 1840 8 | 8.53 | January 20-22 3 5.50 | Dacember 1 o1 8.51
| 41 8 10.08 | October 1____ 3 4.46 April 14 -l 15 10.90
| 42 8 | 0.23 ' January 27 - 1 1.49 | April 23 _ -l 13 10. 00
43 10 ' 4.50  October 23 - 4 11.14 | February 27 _ | 13 0.66
‘ 4 11 | 1.84 | February o2 6.09 | March 28-30_ -1 16 7.79
1845 1 7.02 ' February - 3 2.39 | April 30 - 19 7.51
| 46 10 | 4.50 ' November 28,29 _ - 3 6.54 | April 27_ .| 156 8.82
. 47 10 i 8.91 | December 31__. - 3 8.61 May 12-18_ - 15 7.79
48 8 5,42 January 26 __ S § 2.52 | March 22-24_ -l 16 3.05
| 49 | 8 2.4 January 17-19 _ - 0 6.23 | May 4____ -1 13 2.74
1850 10 11.76  January 10-11 _ 2 11.27 May 19-22 -] 16 6.16
51 ' 11 1.32 March 13 - 3 2.39 | December 4,5 _ .| 15 4.67
52 10 1.64  September 2 .1 6 2.70 | April 28, 29’ - - 13 7.92
53 11 4.95 | December 16_____ - 2 1.94 Muy 7___- .19 6.47
54 7 10.15 ’ September 28, 29 3 0.31 | May 26, 27_ 11 4.95
1855 l 10 | 1.9 | December 22 T —0 | 6.23 | April20 17 | 7.6
)
! Mean [
|, for 9 9.75 —0 6.23 19 7.51
1840-'55
1856 ¢ 8 ' 0.49 ' 1 5.64 13 3.m
57 | 6 9.4 | 1 8.75 13 0.66
' 5H8 7 1.85 ) —1 4.60 13 3.77
59 8 | 7.23  January 20 __ - 2 10. 24 14 4.22
1860 11 0. 2 November 14 | 4 8.03 17 9.72
61 | 8 0. November 3 ___ 0 9.4 13 4.84
62 6 8. January 11 ______ - —0 9.34 15 3.64
' 63 ' 5 2. September 27, 28 S § 7.72 ] 3.01
64 8 i January 10 ___ - —1 0.45 15 1.56
1865 |7 ! December 30___ ) 3.1 16 | 11.35
66 5 | January 11,12 _ ol =1 10.83 | April 1-5_ 10 4.50
67 9 ! September 22 _ -3 342 | May 13,14 17 2.46
68 |8 October 24 -2 7.13 16 3056
69 7 October 20 . ‘ 2 4.01 | December 31 13 11.04
1870 ' 10 " February 11 _______ 3 10.69 | November29_ 15 71.79
1871 ] 10 ‘ September : iU—Octoberl\ 3 0.31 | June5-7 _________ 15 11.95
| i
Mean ' |
for 8 3.60 —1 10.83 17 9.72
1836-"71, |
| ! 1
I i \ i
5
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SECOND TREATISE

OXN THE

DECREASE OF WATER IN SPRINGS, CREEKS, AND
RIVERS.

OFFICE OF THE CHIEF OF ENGINEERS,
UNITED STATES ARMY,
Washington, D. C., July 1, 1880.

SIR: An interesting paper on hydraulic engineering entitled ¢ Zweite
Abhandlung iiber die Wasserabnahme in den Quellen, Fliissen and Stro-
men bei gleichzeitiger Steigerung der Hochwiisser inden Culturlindern ”
(Second treatise on the decrease of water in springs, creeks, and rivers,
contemporaneously with an increase in height of floods in cultivated
countries), by Sir Gustav Wex, imperial and royal ministerial counsellor
and chief engineer of the improvement of the Danube at Vienna, has
recently been translated, at my request, by Bvt. Maj. Gen. G. Weitzel,
United States Army.

As this paper contains information of value to the officers of the
Corps, I have the honor to recommend that it be printed, for the use of
the Engineer Department, at the Government Printing Office, and that
500 copies be furnished on the usual requisition.

Very respectfully, your obedient servant,
H. G. WRIGHT,
Chief of Engineers, Brig. & Bvt. Maj. Gen.

Hon. ALEXANDER RAMSEY,

Secretary of War.

Approved :

ﬁy order of the Secretary of War.
H. T. CROSBY,

Chief Clerk.
JuLy 6, 1880.

VIENNA, October 12, 1879,
GENERAL: I take the liberty of transmitting to you in the accom-
panying package my second treatise, entitled ¢ Onthe decrease of water
in springs, rivers, and streams, simultaneous with the increase of floods
in cultivated countries,” because I am convinced that such a distinguished
hydraulic engineer will take a lively interest in the definite solution of
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a hydraulic question which is of the highest importance to coming gen-
erations and future condition of cultivated countries.

At the same time you will please have the kindness to accept this
copy as a mark of my most eminent esteem.

Finally, I take the liberty of politely begging you to transmlt for use
the other copy of my treatise which accompanies this to the esteemed
societies of engineers which exist in your country, with the request that
they may thoroughly examine my theory with regard to the decrease in
water supply, and illustrate it more clearly by the publication of the
hydraulic observations made on American rivers and streams.

‘With the assurance of my highest esteem, I remain your devoted

SR GUSTAV WEX,
Imperial and Royal Counsellor.
Brig. Gen. A. A. HUMPHREYS,
. Chief of Engineers, Washington.




INTRODUCTION.

In my first treatise bearing the foregoing title, published in the papers
of the Society of Austrian Engineers and Architects, 1873, after observ-
ing gauges during many years at nine different stations on the five
main rivers of Central Europe, viz, the Danube, Rhine, Elba, Vistula,
and Oder, and also after many other observed results, I furnished the
proofs that the discharge has diminished considerably during the latter
decade, not only in the above-mentioned rivers themselves, but also in
their tributary rivers, creeks, and springs.

In that treatise I also thoroughly discussed the causesof this peculiar
hydraulic phenomenon, and finally proposed measures and precautions
to prevent as far as possible the further spread of this calamity, so
threatening to future generations.

Since the publication of that treatise, this hydraulic question thus
raised by me has been industriously studied in nearly all conntries
partly by scientific institutes and partly by individual naturalists a.nd
experts, and their various opinions and views have been published.

In by far the greater number of the opinions which have thus ap-
peared some of these scientific institutions and authors have entirely,
and others only partially, agreed with my views, conclusions, and the
theory which I recommend, and, at the same time, have brought for-
ward many new illustrations and arguments to establish its correctness.

But especially, as several engineers and hydraulic experts have
expressed the opinion that my conclusions as to the decrease in the
height of water in rivers are unreliable, and that the remaining proofs
for the decrease in discharge are not quite unassailable, and, besides,
because several of these experts have even advanced the new theory
that the established decrease in the height of the water is not in conse-
quence of the decreased discharge, but rather due to changes in and
particularly to the deepening of the river beds, I have during six years
shunned neither labor nor expense in obtaining as many and reliable
technical hydraulic measurements and data as possible of different
streams, so that I might. clearly ascertain whether the views previously
expressed by me or those of my opponents were more nearly correct.

Now that I have in the course of these uninterrupted and continued
collections of data and studies, and even by the latest of these, arrived
at the fullest conviction that the theory advanced by me relative to the
decrease in the discharge of springs, rivers, and streams has been unfor-
tunately proven true, I feel myself impelled to publish this second
treatise, since I believe that an indisputably clear exposition of this
water question is not only of great importance in technical hydraulics,
but also in its bearing upon questions in natural science and history of
culture, as I have already pointed out in more detail in my first treatise.
But a general knowledge of the decrease in discharge of springs and
rivers and the resulting highly detrimental consequences for the future
cultivation of countries and their inhabitants is absolutely necessary,
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for then alone it can be hoped that the general governments, corpora’
tions, large land-owners, and individual communities will take suitable
precautions and measures to confine the calamity to such limits as are
yet feasible.

In Chapter I of this treatise I shall present, very briefly, the oplmons
given on the question by scientific institutes first, and then those of the
individual naturalists and experts who agree w1t;h me; and subsequently,
in Chapter II, with the latest data co]lected by me as a basis, will fur-
nish the proof that the objections made by my opponents, and the new
theories established by them, are either groundless or are based upon
incorrect premises.

CHAPTER I.

1. The Imperial Academy of Sciences in Vienna, at my request, ap-
pointed from its own members a commission of five experts to give a
formal opinion upon my treatise, which commission, after a thorough
examination, in their report dated April 23, 1874, declared themselves
in general as agreeing with me in my proofs and conclusions, and only
remarked that my conjectures that the rainfall in cultivated countries
must now have equally decreased, as not sustained by the meteorolog-

ical observations made in England, Scotland, and at Paris during a
period of many years, and altholwh it would be hasty to conclude from
this that no such changes have taken place in the interior of the continent,
yet the measurements ; of rainfall at the continental stations (which, how-
ever, do not reach so far back) are not favorable to such an assumption.

The Imperial Academy of Sciences at its anniversary meeting of May
30, 1874, accepted the above-mentioned report of its commission, and
resolved at the same time:

(«) To call the attention of the Imperial and Royal government to the
continued decrease of discharge in springs and streams, as well as to the
causes of the phenomenon, and at the same time to apply to the higher
ministries, so that the measures and precautions proposed by Wex to
prevent, as far as feasible, the further spread of this calamity may be
thoroughly considered and carried into execution by the enactment of
suitable laws.

() To send a copy of Wex’s treatise to the scientific institutes of for-
eign countries with the request that they furnish the Imperial Academy
with the results of observations extending through a series of years of
the gauges in their rivers, and to furnish this information arranged and
plotted in a manner similar to that adopted in his treatise.

(¢) To express, also, to the Austrian Government the desire that sta-
tions may be erected at suitable points on several rivers, not only to ob-
serve the stages, but also to measure the discharge, in order to examine
more closely the laws of dependence of the latter on the former.

For these resolutions, which were prepared by the Imperial Academy
and carried into execution, I must before proceeding further return my
sincere and grateful thanks to it, for thereby the scientific societies in
other countries were incited to cause accurate observations and study
of this important water question to be made.

2 and 3. As a result of this the Imperial and Royal Academies of
Sciences of St. Petersburg and Copenhagen appointed their own com-
missions to examine my before-mentioned treatise, which in their reports
on this subject, dated respectively January 22, 1876, and October 7,
1875, declare themselves as generally agreeing with me in my views and
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conclusions, but at the same time remark that a diminution in the rain-
fall was not established for those localities by the meteorological ob-
servations taken through a long series of years. The St. Petersburg
commission added, however, to its opinion ¢ that it might, nevertheless,
be possible that a difference in distribution of the rainfall and of the
evaporation from the surface of the earth might cause a decrease in the
total amount of water in some and an increase of the same in other
rivers.”

The same commission, referring to their observations on the results
of clearing lands, also mentions that in the southern parts of Russia,
where notoriously one hundred and fifty or two hundred years ago there
still existed large wooded tracts, at the present time bleak steppes have
developed themselves, whose elevated portions are entirely destitute of
water, and whose inhabitants are compelled, therefore, to settle on the
banks of the meager and deficient rivulets in order not to perish from
want of water. '

The same commission still further adds that on the Lower Volga and
Dnieper the neighborhood is cleared, and that in consequence the river
beds fill with sand-bars, change, and become shallower, but that the
floods rise higher than formerly.

The commission of Copenhagen expresses in its reports the following
noteworthy opinions :

¢ Since in the later times our forests have not undergone any change,
it is difficult to substantiate the gradual decrease of water in conse-
quence of clearings, but we must nevertheless add that everything leads
to the conclusion that at the time when Denmark was covered with large
forests, the volume of water in our rivers must have been far greater,
than it is now, for there are many rivers in the country which exhibit
traces of having had at one time a considerable discharge, but now
have only a very small one or none at all.

¢ That the change of woods into cultivated fields has caused a consid-
erable decrease in the volume of water in Danish rivers, the commission
can prove as an indisputable fact by the lakes near Copenhagen.

“These lakes are situated in an extensive and flat country, the soil of
which consists of clay overlying a stratum of chalk. This entire plain
was once a forest, which has gradually partially disappeared, so that
some of theselakes are now found in the open fields, and the others in
the woods.

“The observations which were made have now established that those
lakes which are sitnated in or near woods receive a much greater vol-
ume of water than those of the same area which are situated in cleared
country, and as the other circumstances are precisely the same one must
conclude that the decrease in the volume of water in the latter is to be
ascribed to the clearing of the woods.”

The Danish commission finally expressed its opinion * That the de-
struction of forests results in a considerable decrease in the discharge
of rivers, and particularly in that of springs, and, furthermore, that the
increased cultivation of fields, and also their artificial irrigation, cause
a still greater decrease in the volume of water in springs and rivers.”

4. The Royal Board of Canal Directors in Norway intrusted Lieut.
Hans Nysom with the task of collecting the data desired by the Imperial
Academy of Sciences of Vienna, who, in compliance therewith, in his
report dated May 20, 1877, shows that at the two water-gauge stations
at Nastangen and Sarpfos, on the Glommen River, which have until
now not been affected by any improvement of the river, the observa-
tions taken during thirty years confirm the theory of Mr. Wex in regard
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to decrease in the volume of water in rivers, as well as his opinion of
the causes of this phenomenon.

5. At my request the Society of Austrian Engineers and Architects
also appointed a committee of experts to give an opinion on my treatise,
which, in its report on this subject, made April 17, 1875, expressed the
following opinions, viz:

(a) The committee recognizes the vast importance of the question
raised by Mr. Wex, but, at the same time, the difficulties of a reliable
reply thereto from the observations and data which so far have been
laid before it.

(b) In the opinion of the committee it cannot safely be concluded that
because there is a decrease in the mean stage there is a decrease in the
discharge of a river, because if there should be a change in the cross-
section of discharge, or in the slope of the river, the gauges are no longer
reliable, and that it is, therefore, absolutely necessary that accurate and
regular hydraulic measurements be taken at a number of constant cross-
sections on the main river and its tributaries.

(¢) Although the accurate measure of decrease in volume of water,
expressed in figures, cannot be determined from the data furnished by
Court Counselor Wex, yet they point to the fact that in the rivers men-
tioned there has been a decrease in the volume of water.

(d) The data furnished in the treatise show clearly the fact, of so
much greater importance to the engineer, that the regimen of the rivers
mentioned has lately undergone a considerable change. ‘

(¢) The causes mentioned by Wex of the hydraulic changes under dis-
cussion were partly combated and partly doubted in several respects,
and particularly the assertion that in cultivated countries the rainfall
has diminished by reason of the clearings; but it was admitted that the
clearings had exercised a very injurious influence on the regimen of
rivers.

The Society of Austrian Engineers and Architects adopted the above
resolutions of its committee of experts at its business meeting on April
17, 1875, and authorized its executive committee to submit the amended

-conclusions of the Court Counselor, Wex, to the Imperial Royal Austrian
Government, with the request for their execution, in order to limit the
threatening calamity as much as possible.

6. At the International Congress of Agriculturists and Foresters at
Vienna, in September, 1873, the royal Prussian inspector of forests, Dr.
A. Bernhardt, related, and then the royal Italian senator, Louis Torelli,
-of Rowe, submitted, very interesting data concerning the results of
-clearings in Europe, and proved thereby that many springs fail; that
the discharge of creeks and rivers at a normal stage decreases more and
more; and that on the other hand floods now occur oftener and rise
to a greater height.

7. Mr. Torelli, particularly in his work * published May 10, 1873, fur-
nishes data worthy of notice, gathered from the copious hydraulic obser-
vations and notes taken in Italy, showing the injurious effects of clear-
ings in that country, and gives the following opinion, based upon abun-
dant examples and experiences, viz:

“However great may be the evils and disadvantages of the more fre-
quently and higherrising floods of the present time, they are not greater
than those which result from the progressive failing of springs and
decrease of volume of water in creeks and rivers.” '

* ¢ Delle cause principali delle piene dei Fiumi e di alcuni provvedimenti,” per dimin-
uirle di Luigi Torelli, Senator del Regno. (The principal causes of high waters and
some measures for diminishing them, by Louis Torelli, senator of the kingdom.)
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Mr. Torelli further cites the following observations and measurements
of the distinguished expert, Paleocapa, viz: -

The volume of water at the lowest stage of the river Sele has decreased
33 per cent. during the last 150 years; that of the river Brenta, at Bas-
sano, 7 per cent., between 1684 and 1877; and finally that of the river
Adda, where it lows out of Lake Como, 13 per cent., between 1842 and
1862; and this decrease still continues, and therefore creates apprehen-
sion.

8. In consequence of the destructive inundation of the river Po, in
1872, the Royal Italian Government organized a commission consisting
of seven experts, whose duty it was to make a minute hydraulic survey
of its whole valley, and, after a thorough study thereof, to recommend
such measures as would be suitable to prevent similar occurrences.

In the report made in December, 1876, by Mr. Basilari, vice-president
of the supreme board of public works, the commission expressed the
following opinion, viz:

The floods of the river Po have constantly increased in height, espe-
cially during the present century, in consequence of which it became
necessary to raise and strengthen the greater portion of its levees.
This method of relief was considered by the commission not only as in-
adequate, but as really increasing the danger, for which reason it was
led to consider means by which the height of these floods could be di-
minished, or, at least. the increase stopped. Consequently it examined
into the condition of the forests in the valley of the Po. It laid great
weight on the enactment of suitable laws against destruction of forests;
recommended next the construction of large reservoirs for the storage
of a portion of the floods, which might subsequently be used for irriga-
tion; further proposed the construction of suitable works for improving
the mouths of its tributaries; and finally recommended several cut-offs,
in order to diminish the length of the stream.

The preceding opinion and the proposed measures therefore fully coin-
cide with the views expressed in my treatise of April, 1873.

9. Professor Dr. Ebermayer, in his admirable work entitled ¢ Physika-
lische Einwirkungen des Waldes auf Luft und Boden und seine klimat-
ologische und hygienische Bedentung begriindet durch die Beobacht-
ungen der forstlichmeteorologischen stationen in Konigreich, Bayern.
Aschaffenburg, 1873,”* has furnished convincing proof of the following
statements, based upon minute scientific experiments and observations
during many years, viz:

(a) The forest influences the amount of rainfall by increasing the
relative humidity of the atmosphere and bringing it nearer the point of
complete saturation, so that when the temperature is lowered a partial sep-
aration of the water takes place wmore easily and in greater quantity
than in clearings. This influence is more marked in proportion to the
height of the forest above the level of the sea.

(b) The forest diminishes the evaporation of the surface water in a
much greater degree than an open field. In those whose grounds are
kept clean it amounts to 62 per cent., and in the others to 68 per cent.

(¢) In the interior of the continent, where the humidity of the atmos-
phere and annual rainfall decrease and the degrees of summer heat
increase, the forest has a greater influence on the rainfall than in the .
coast regions. Ireland and Great Britain can dispense with their forests
more easily, as far as rainfall is concerned, than Germany or Russia.

*The physical effect of the forest on the atmosphere and soil, aﬁaﬁéfimatologic_al
and hygienic importance, based upon observations made at the foresters’ meteorologi-
cal stations in the Kingdom of Bavaria. Aschaffenburg, 1873.
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(@) Large clearings in level countries have material influence, it is
true, but in hilly regions there will be, on an average, less rainfall than
betore, and especially in the warmer half of the year.

Even if it were assumed that, after clearing forests, under all circum-
stances, the rainfall would be the same as before, the enormous influ-
ence of the forest, and its ground covered with leaves and brash upon
the evaporation of its surface water, in consequence of which, compared
to the surrounding country, it must be considered a great reservoir,
would sufficiently explain the well-known failing of springs and its influ-
ence in diminishing the mediwum stages of the rivers.

(e) There is another fixed relation between the stage of water in
rivers and the forest caused Ly the fact that in wooded localities the
snow lies three or four weeks longer and melts less rapidly than in clear-
ings. In an open country the rise in rivers occurs more rapidly after
the melting of the snow; the latter runs off more rapidly, less soaks into
the ground, and the springs are therefore fed less than in wooded coun-
tries.

(f) Extensive clearings are more injurious in hilly than in level
countries. They produce in a short time destructive torrents, dry
periods, then short but destructive inundations, formation of sand-bars
in rivers, want of perennial springs and ereeks, and great variations in
the stage of the rivers. These most certainly occur and characterize
such regions in which the hills have been cleared.

Mr. Ebermayer says, finally, viz:

) ¢If we combine the difterent effects of the forests, there can be no
doubt but that their disappearance must considerably diminish the
volume of water in a country, even if atter the clearing there is as mueh
rainfall as before.”

“The preceding statements show how closely the wealth of forests and
water in a country are bound together; a circumstance which is partic-
ularly due to the powerful intluence which the forest and its ground
covered with leaves and brush has upon the evaporation of the moisture
in the ground. It is, then, not to be wondered at that springs and
creeks dry up or flow only periodically ; that the mean stage of rivers
and creeks diminishes in height when large clearings are made in a
country, and that on the other hand springs tlow more copiously and
regularly when new trees are planted and forests are increased in extent.”

10 and 11. The imperial chief forester, Edward Ney, of La Brogue, in
Alsace, in a paper published in January, 1875, entitled ¢ Ueber den Ein-
fluss des Waldes auf die Bewohnbarkeit der Liinder,”* and Dr. Jacob
von Bebberer, in his paper published in 1877, entitled ¢ Die Regenver-
hiiltnisse Deutschlands,”t both written after observations made during
a long series of years, on the great influence of the permanence of forests
on the hydraulic condition of countries, have expressed precisely the
same opinions as Professor Ebermayer.

As an illustration of the fact that the clearing of hilly countries fre-
quently results in the complete failing of springs, Mr. Ney mentions
that in the Provence, after all the olive-trees, which there formed regular
forests, had been frozen in 1822 and cut down, a great number of springs
failed totally, and that besides, in the city of Orleans, after the surround-
ing bheights had been thus cleared, nearly all the wells dried up, and it
became necessary to conduct the headwaters of the river Little Loire
into the city.

Mr. Ney furnishes the following examples to prove that during the

* ¢ Concerning the influence of the forest on the habitableness o2 countries.”
t “ The circumstances relating to rain in Germany.”
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historical period many rivers once rich in water supply have become
much poorer therein, notwithstanding their more frequent floods in con-
sequence of the destruction of the forests, viz:

At the time of the Roman rule in France, the river Durance, south of
Avignon, and the Seine were navigable rivers and richly supplied with
water, so much so that the navigators of the Durance formed an in-
fluential corporation, and Emperor Julian, who resided in Paris during
a period of six years, particularly extols the constant even stage of the
Seine. At present, since the regions of the headwaters of these two
rivers have been cleared, the Durance can hardly float a skiff in summer,
and the Seine, in which the difference between the high and low water
stage is now 32 feet 10 inches, was only made navigable again by the
construction of numerous wing-dams.

12. The director of the royal board of foresters of Hanover, Dr. Burck-
hardt, in a letter addressed to me on March 5, 1876, says the views ex-
pressed by me in my treatise were expressed in words which were as if
taken from his own soul, and that he had also, in the course of his ob-
servations extending through a period of twenty-five years, seen the
sad results confirmed that in consequence of the clearings made in North
Germany there resulted the disappearance of many lakes and ponds,
draining of marshes, failing of many springs and creeks, and the lower-
ing of the surface water, whereby the cultivation and productiveness of
the remaining fields suftered sadly.

13. Prof. Alexander Bettochi, inspector of the Royal Corps of Civil
Engineers at Rome, in his memoir submitted to the Royal Academy,
¢dei Lincei,” in June, 1876, which was subsequently published as a
paper, acknowledges that my theory relative to the diminution of water
in springs and rivers contemporaneously with the increase in height of
floods agreed with observed results, and still further substantiated it by
plotted observations made on the Theiss at Szegedin.

14. Mr. Frederick Symong, imperial and royal professor of geography
at the University of Vienna, honorably known by his researches and
surveys in the Alpine regions, in his lecture entitled ¢Schutz dem
‘Walde,”* given February 21, 1877, before the Society for the Diffusion
of Knowledge of Natural Sciences, at Vienna, acknowledged my theory
as being correct, and at the same time proved conclusively that in con-
sequence of the destruction of the forests in mountainous regions the
rainfall diminishes at those points, vegetation on the mountain sides is
constantly receding, the soil is washed off, after which the mountains
gradually become perfectly barren. A further result of this is a decrease
of water in thelower strata, in springs, creeks, and rivers, which in turn
are succeeded by the drying up of the valleys, and the gradual devasta-
tion of cultivated fields, thus proving the truth of the saying of a great
naturalist, ¢ Man strides over the earth and a desert follows him.”

15. Dr. F. W. Dunkelberg, director of the Royal Agricultural Academy
at Popelsdorf, in his work entitled ¢ Die Schiffarths-Caniile in ihrer
Bedentung fiir die Landes Melioration”t (Bonn, 1877), councurs with
me in my theory relative to the decrease of water in springs and rivers,
it being the result of his own observations and experience.

16 and 17. Fuarther along during my discussion of the observed results
on the Elbe, I will give the concurring views of Mr. M. W. Schmidt, of
Dresden, royal director of hydraulic works, and of Mr. Maass, of Magde-
burg, a member of the royal board of public works.

* Protect the forest.
t The importance of navigable channels in the improvement of countries.
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18. Mr. Robert Lauterburg, the Swiss engineer and hydraulic expert,
who occupies a great deal of his time in collecting exact data and in
comparing the relative discharge of the rivers of Switzerland, in his
paper entitled ¢ Ueber den Einfluss der Wilder auf die Quellen und
Stromverhiiltnisse der Schweiz”* (published by Schulze at Basle, 1877),
announces the following very reliable results of his surveys, viz:

In the Melasse formatxon within an area of .29 of a square mile the
relative discharge of springs was accurately measured, and it was found
that those in wooded portions discharged fromn ﬁve to ten times the
amount of those in the clearings.

Now, as it is universally known that during those perlods in which for
weeks there is no rain the creeks and rivers are almost exclusively fed
from the springs, filtration, and surface water, and also known that
since the introduction of railroads and telegraphs in Burope, as well as
the general and extraordinary increase in all kinds of manufactures and
trade, such a colossal consumption of building and fire wood has taken
place that in Europe several million hectarest of forest which formerly
existed, and particularly in hilly regions, have been cut down and de-
stroyed, it can be concluded in advance, from the result of these obser-
vations in Switzerland, and without giving the gauge readings onrivers
and streams the least cons1derat10n, that during the last forty years the
discharge of springs, creeks, and rivers, during low and medium stages,
must certainly have decreased.

Now, I will take the liberty of showing that not only in Europe, but
in the cultivated portions of other parts of the world, the discharge of
their rivers and streams has also decreased during the last decade.

19. In a report made to the House of Representatives on March 14,
1874, the Commissioner of Public Lands of the United States of America
expressed his fear that the continued destruction of the forests would
seriously injure the public interests. At the request of the Commis-
sioner to submit this important question to thorough experts, the Ameri-
can Academy of Sciences charged a committee composed of several of
its members with the task. After the committee had collected accurate
data and given the subject mature deliberation it made an extensive re-
port, full of statistical information, from which I Wlll quote only the
followmo chief’ points.

The committee in this report recounts the bearing and importance of
forest culture not only for timber, but also as a means of improving the
general welfare, as the climatic conditions depend upon the existence
of forests and deteriorate with the destruction of the latter.

The evident results of the destruction of forests are ¢the failing of
springs, drying up of creeks, decrease in volume of water in the rivers,
canals, and streams, and the increasing difference between high and
low water stages in the latter.” The fact that the volume of water in
rivers and streams decreases in proportion to the destruction of the for-
ests will not escape any careful observer, and Awmerica is threatened
with the danger that changes will take place in the permanence of its
largest rivers even, fraught with the most serious results, unless suitable
measures are adopted in proper time.

The committee finally enumerated and recommended measures and
precautions most suitable to stop this threatening calamity, which are
nearly the same as those which I proposed in my first treatise of 1873.

Congress, appreciating these suggestions, passed an act dated August

*On the influence of forests on the conditions of the springs and streams of Switz-
erland.
-t About two and one-half acres.
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15, 1876, appropriating $60,000 for the purchase of seeds and plants and
generally for the improvement and promotion of forest culture; and a
further sum of $2,000 as a prize to an expert in the investigation of the
question of forest and tree culture and the means which best commend
themselves for the preservation, improvement, and planting of forests
in North America.* ’

20. The above prize was won by Dr. Franklin B. Hough, through his
scientific workt on this subject, in which he points out in great detail
the influence of forests on the even and seasonable rainfall, upon the
acquisition of a regular water supply to the springs, creeks, and rivers,
and finally on the prevention of extraordinary floods, and in which he
then cites the proofs furnished by my treatise of April, 1873, and agrees
with 1ne in the views therein expressed and with the theory concerning
the decrease of water in springs and rivers as therein announced.

It will be seen from the official proceedings and the scientific data
which have been collected, as just mentioned, that already in North
America even, where, partly through the vandalism, ignorance, or
avarice of the inhabitants and partly through elemental disturbances,
very extensive tracts of wooded lands have been cleared and totally de-
stroyed, the highly injurious effect thereof, and particularly the decrease
in the volume of water in their springs and rivers, probably has become
more evident than to us in Europe, and that also the government of that
country has forthwith recognized the danger resulting from this not only
to its present but also to its future generations, and that it now proposes
to apply in the most energetic manner such measures as will prevent
this danger as much as possible.

21. The only knowledge which I have thus far obtained relative to
to this question in South America is taken from the following article,
dated December 5, 1878, written from Rio Janeiro to the Cilnische
Zeitung, } viz:

¢“A phenomenon is developing which causes apprehension on the part
of the inhabitants on the banks of the Amazon, hamely: The stream is
receding in an appalling manner, and particularly above Manaos navi-
gation is already impossible. There is a constant decrease in the stage
of the river, the causes of which are wholly unknown. It is very de-
sirable that thorough naturalists should examine this phenomenon.”

Now, if such a remarkable decrease in the volume of water has been
observed in the upper portion of the Amazon, which is the largest and
has a greater wealth of water than any other river on the face of the
globe, it is very probable that similar decrease in the volume of water
has taken place in the other rivers and streams of South America, and
that this cannot be substantiated for want of observations alone.

22, Mr. John Croumbie Brown, the distinguished naturalist, formerly
professor of botany at Cape Town, in his book entitled “Hydrology of
South Africa, compiled by John Brown, LL.D., Kirkecaldy, printed by
John Crawford, 201 High street, 1875,” has published very interesting

*The author is mistaken herein. The act approved August 15, 1876, directed the
Commissioner of Agriculture to appoint some man of approved attainments and prac-
tically well acquainted with the methods of statistical inquiry, with a view of ascer-
taining the annual amount of consumption, importation, and exportation of timber
and other forest products, the probable supply for future wants, &c. On August 30
1876, Hon. Frederick Watts, then Commissioner of Agriculture, appointed Dr. Frank,
lin BhHough, of Lowville, Lewis County, New York, to the discharge of this impor-
tant duty.

t Report upon foresiry, prepared under the direction of the Commissioner of Agri-
culture, in pursuance of an act of Congress approved 15th of August, 1576, by Frank-
lin B. Hough. Washington, Government Printing Office, 1878.

$ Cologne Gazette. )
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observations and experiences, extending through a long series of years,
concerning the former and present condition of the countries as well in
Africa as in the larger islands of the Southern Ocean, of which I will
briefly mention but a few.

In South Africa there are yet found scattering groups of trees of
gigantic dimensions and great age, but without any corresponding after-
growth, which are undoubtedly the remnants of former extensive forests
which were cleared or destroyed by tire. These ancient gigantic trees
prove the former great humidity of the climate and the rank fertility of
the soil.

The destruction of the forests in South Africa and the custom which
prevails there of destroying their tall grasses by fire have contributed very
much to the parching of the soil in those localities, so that new trees are
only found along the banks of rivers and in high mountain passes.

Dr. Livingston and Dr. Moffat also describe the burnings just men-
tioned, and the latter refers to an extensive forest of wild olive trees in
the vicinity of the city of Griqua which was destroyed by fire, and men-
tions the gradual decrease of rainfall which resulted therefrom.

Mr. Brown notes many observations concerning the numerous and
sudden changes which occur at present from severe droughts to violent
rains, causing destructive overflows and the evident decrease in the vol-
ume of water, indeed the complete drying up of many creeks and rivers
as well as their change into torrents; which, however, are only created
when the forests and plants of the mountain slopes were destroyed and
the soil was washed away in consequence thereof. In countries where
mountains are covered with forests no torrents are formed, but, on the
contrary, plenty of springs, creeks, and rivers, which serve to increase the
fertility of the soil.

The author further reports upon the decomposition of the former rich
so0il by the sun’s rays, by which the country becomes sterile, and the
fields which were once rank are converted into deserts, and says that
these very disastrous changes are, according to the scientific investiga-
tion of Mr. Brown and a naturalist cited, by him, entirely due to the
destruction of the forest in those countries.

In the concluding chapter of his work Mr. Brown recommends, for the
purpose of removing or at least ameliorating the evils which have re-
sulted from the destruction of forests, measures and precautions almost
identical with those proposed by me in my first treatise of 1873, although
the latter was unknown to him when he compiled his work.

In the second work published by Mr. Brown, entitled ¢Forests and
‘Moisture, or Effects of Forests on Humidity of Climate, compiled by John
Croumbie Brown, LL.D., Edinburgh, 1877,”he proves conclusively, in more
detail, not only theoretically but also by numerous illustrations, the fact
that forests have a great influence and effect on the humidity of the air
and surface of the earth, the drying up of marshes, the formation of
clouds, on the quantity and regular distribution of rain among the different
seasons, and the discharge of springsandrivers. In this work Mr. Brown
cited the data collected in my treatise of 1873, and declares himself as
agreeing with me in my theory concerning the decrease of the volume of
water in springs and rivers.

23. In conclusion, I must here advert to a fearful catastrophe which
lately occurred, and strikingly proves the disastrous results of unlimited
destruction of forests.

The northern province of the Chinese Empire, Shan-Si, whose capital
is Tayeun, is inclosed on all sides by high mountain ranges, which in
early ages were covered with dense forests. Atthat time it rained here
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every year periodically, the atmosphere was sufficiently humid, and it
belonged to the fertile, well-cultivated, and densely-settled provinces of
the Chinese Empire. But the inhabitants of this once blooming and
happy country, through greed and in the endeavor to increase the yield
of these mountain slopes more and more, have gradually cleared the
surrounding mountains completely. The result is that the former pe-
riodical rains have almost disappeared, and that the rainfall as well as
the humidity of the atmosphere have decreased, and that, consequently,
in this province failure of crops, want, and misery have succeeded each
other during several years. In 1877, already, there was such a general
drought, failure of crops, and famine, that in consequence thereof nearly
three millions of souls perished. In the official report of the governor,
Li Ho-nien, chief commissioner of the board of relief, the following
account of this catastrophe appears, viz:

“During the first period of this unheard-of famine, the living sub-
sisted upon the corpses of the dead ; then, later, the weak were devoured
by the strong ; now the misery has reached such a stage that the peo-
ple devour their own blood relations. History, up to this date, has not
shown a more horrible state of affairs than this, and unless measures
for relief are promptly taken the entire population of this section of
the country will be destroyed.”

The Catholic bishop, Monagatta, in a letter from Tayeun, dated March
24,1878, corroborates the description contained in the above report of
the horrible scenes enacted during the famine.

The ruinous results of the destruction of forests are also showing
themselves in the other provinces of China; in the highlands by killing
droughts, and simultaneously in the southern lowlands of the empire by
destructive rains and overflows. ’

CHAPTER II.

CLEARING UP THE DOUBTS AND REBUTTING THE ARGUMENTS OF THE OPPONENTS TO
MY THEORY ON THE DECREASE OF WATER IN S8PRINGS AND RIVERS, AND COMMUNI-
CATING THE NEW DATA AND OBSERVATIONS RELATING THERETO COLLECTED BY
ME SINCE 1873.

So far as I have been able to learn, up to the present time, from pub-
lished works and scientific periodicals, the following engineers and ex-
perts have expressed views in opposition to my theory, viz:

1. The committee of experts of the Society of Austrian Engineers
and Architects, which, in its report already referred to by me, agrees
with my theory in general, but doubts somewhat the proofs which I
offered and the conclusions drawn therefrom.

2. Mr. Sasse, royal Prussian ministerial counsellor and member of the
board of public works (Zeitschrift fiir Bauwesen, von G. Erbkam, in
Berlin, von Jahr 1874). *

3. Mr. Kluge, royal Prussian inspector of hydraulic works (in the
journal just mentioned).

4. Mr. Schlichting, royal Prussian inspector of hydraulic works
(Deutsche Bauzeitung, Jahr 1876). t

5. Mr. Grebenau, member of the imperial board of achitecture and
director of hydraulic works (Deutsche Bauzeitung, Jahr 1876.) t

* Journal of Architecture, Berlin, 1374, G. Erbkam, publisher.
t German Gazette of Architecture, 1276,
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6. Mr. Grave, royal Prussian district architect and deputy director of
public works (Deutsche Bauzeitung, Jahr 1877.)

7. Mr. Charles Hurich, royal Hungarian ministerial counsellor (Zeit-
schrift des ungarischen Ingenieur und Architecten Vereines.) *

8. Dr. Joseph Ritter Lorenz von Liburnan, imperial and royal minis-
terial counsellor (Wald, Klima, und Wasser, 1878.) t

These opponents urged against my theory and the proofs on which it
rests the following doubts and arguments in general, viz:

A. That the decrease in the stages of water, <. e., the lowering of the
water surfaces shown by me to have taken place at the nine gauges on
the five rivers may not have resulted from a decrease in discharge, but
from a deepening of the river beds or a change in the slope caused by
works of improvement.

B. That the established fact that the stages of these rivers have de-
creased in height does not furnish reliable proof that their discharge
has decreased.

C. That it may be possible that the increased discharge of streams,
produced by the higher floods of the present time, brings the decreased
discharge caused by the dimirished height of low and medium stage to
the former general average, and then the observations furnished would
only show that during the last decade the regimen of rivers and streams
has undergone a change.

D. That gange readings of a stream extending through a period of at
least 200 years are necessary in order to draw a reliable conclusion from
them whether a decrease in volume of water has really taken place or
not. o

E. That it cannot be determined with certainty from a comparison of
the heights of different stages of streams whether a decrease in the vol-
ume of water has taken place or not, and that this can only be done by
directly measuring, from time to time through a long period of years,
the actual discharge of rivers and streams,

F. That the assertion made by me that the amount of rainfall had
decreased in consequence of the great devastation and destruction of
forests is not at all proven by the examples which I furnish, and the
opinions of scientific authorities which I cite, because from meteorolog-
ical observations extending through a long series of years in England,
at Paris, St. Petersburg, and Copenhagen it cannot be deduced that
the rainfall has diminished.

G. Mr. Grebenau declares that my theory relating to the decrease of
volume in water is incorrect, and advances instead the new theory that
the beds of creeks, rivers, and streams, are continually deepened by the
erosive power of the running water, and that alone in consequence of
this deepening, the heights of the water stages constantly decrease, 1. e.,
the water surface of rivers and streams sinks deeper and deeper. |

Since Mr. Grebenau declares my theory incorrect, and substitutes
therefor one which is entirely new in hydraulics, I propose, first, to
thoroughly discuss the arguments and proofs upon which itis based,
because, in case his assertions and theory should be well founded, the
discussion of the other doubts and objections can be dispensed with.

In consequence of the invitation heretofore mentioned, given by the
Imperial Academy of Sciences of Vienna, to all foreign scientific insti-
tutions, Mr. Grebenau, among others, wds requested to give his opinion
of my treatise on the decrease of water in rivers and streams, based upon
his observations and experience relating to this subject.

* Journal of the Society of Hungarian Engineers and Axchitects.
t Forest, climate, and water.
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Upon this, Grebenau, with his characteristic tireless diligence and
energy, collected the gange readings of fourteen largerriversand streams,
compared them, combined them in varvious wavs, at the same time
studied zealously the water question raised by me, and then gave a
detailed lecture as the results of his investigations, on September 6,
1876, at the general meeting of the Union of’ Societies of German En.
gineers and Architects, held at Munici, on the “Sinking of rivers, and
the phenomena accompanying it,” in which he communicated the follow-
ing, viz*: He compared the readings of 75 gauges on 14 nivers for low,
medium, and high water stages, divided them into two periods of ob-
servations, similar to the mauner in which Mr. Wex did, calculated the
mean ot these, compared them, and, assuming that the mean of the
observations at the above-mentioned stages need always only be taken
into consideration, obtained the tfollowing results, viz:

The medium stage ot 12 rivers, supplied with 67 gauges, receded, 4. e.,
the surface of the water sank, on an average, from 3 feet 3% inches,
to 6 feet 6% inches; on the contrary, the stages of 4 rivers at 6 gauges
increased in heightpand, indeed, just at those at which the half periods
of observation were very short, they lasting only 7, ¥4, 123, and 163
years,

From the results of these observations Grebenau concluded that in the
changes which take place in the fall and rise of the river at several
gauges on the same river at the same time ot observation when the dis-
charge is nearly uniform, no decrease in the volume of water can be
substantiated, because if the fall of the river shown by the reading of one
gauge would indicate a decrease, a rise shown at another gauge of the
same river would indicate an increase in the volume of water, which
clearly is impossible.

“ Now, as Mr. Wex admits in his treatise that on several rivers, and
particularly at nine gauge stations on the Danube, the bed of the river
either raised or sunk, his theory that a decrease in the height of stages
of a river or a sivking of its surface indicates a decrease in the volume
of the water becomes, through this admission alone, untenable.”

Grebenau further remarks concerning my theory that the great amount
of the decrease in the stages of several streams established by the figures
given in my treatise prove that this cannot be the result of a decrease
in the volume of water, because otherwise these streams would in sev-
eral hundred years be without water and their beds dry.

In reply to these conclusions of Grebenau, I believe it to be my duty
to make the following explanation:

It is certainly generally known that the beds of rivers and streams
which are not yet improved,or on which the improvements have just
been begun, are deepened in some stretches and raised in others by the
formation of bars, and that therefore in consequence of this a sinking or
raising of the water may oceur, from which no reliable conclusions could
be drawn.

But if, from the numerous gauge readings which are submitted by me
are eliminated those which were taken on stretches of the stream in
which changes in the bed of the river took place, we will still find some
rivers or stretches of streams which lie either in a natural vnchaungeable

* An abstract of the letter was published in the German Gazette of Architecture, of
October 21, 1876.  Grebenau had mdre extensively elaborated his investigations in the -
water question, and had prepared them for publication when, unfortunately, too
soon death tore him away on June 23,1877. His highly-respected widow was so kind
as to transmit to me the manuscript for inspection; but our united etforts to publish
it were vaiun, in consequence ot the necessary expense, which was considerable,

2w
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bed or which have been improved from time immemorial aud are in a
permanent condition. The most secrupulons expert must admit that on
such rivers and stretches we can justly assume that the decrease in
their stages, i. e., sinking of their surface, indicates a decrease in the
volume of water, since it would be impossible to explain the phenomenon
in any other way.

I must remark concerning the second objection of Grebenau to my
theory that in my first treatise of 1873 I only expressed the apprehen-
sion lest the creeks.and rivers, still replete with water, which exist in
cultivated countries might, gradually, during a larger part of the year
have little discharge; but, on the contrary, after heavy rains swell fear-
fully and become converted into torrents.

It is a historically-established fact that such changes have already
taken place in the cultivated countries of ancient times, and only those
can doubt it who are unacquainted with the geography and history of
those countries.

It is out of the question to suppose that a stream which is created by
the confluence of many creeks and rivers can evel completely dry up,
because, although the rainfall is diminished by clearings, yet it will
never completely have an end, and because in a large river valley the
springs, creeks, and tributary rivers can never lose their water simul-
taneously, since the rainfall is irregularly divided among the valleys of
the different creeks and tributary rivers, and the high water of the one
frequently reaches the main streamn simultaneously with the low water
of another. The change of the tributaries into torrents cannot there-
fore completely dry up the main stream, but it may cause great and
numerous variations in its stage, which might become excessive. It is
clearly apparent from the plot of gauge readings given in my first treatise
that this change has already begun in several streams of Europe.

I believe that I have thus successfully controverted the objections
brought forward by Grebenau against my theory, and I will now pass
to a closer examination of the new theory established by him.

Grebenau, as already stated, pointed out a considerable decrease in
the lower, medium, and higher stages, ¢. e., a sinking of the water sur-
face of 12 rivers at 67 gauges, and explained this remarkable phenom-
enon by the following new theory, viz:

The mountains on the surface of the earth are being continually re-
duced in size by washings caused by the working power (called by later
geologists the power of erosion) of running water and the adjacent de-
pressions or valleys filled up and elevated. Grebenau then sets up the
following thesis on the effect of this power of erosion of running water
on the beds of streams:

1. The mud which is created when a river rises is due to the friction
of the different kinds of débris upon each other, and the floating mud
is therefore the necessary result of the rolling débris.

2. This mud is generated and carried farther at each point when
there is rolling débris, and, therefore, increases continually in a down-
stream direction; and, mdeed according to the rule of arithmetical
progression.

3. The voids produced in the débris by the mud thus carried off are
the causes of the continued and lasting deepening of the rlver bed and
the resulting sinking of the water surface.

Grebenau, assuming these theses as established in discussing the
Rhine, whose water surface in Alsace, as he proves, siuks on an average
.64 of an inch annually, and, therefore has sunk 5 feet 4 inches during
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100 years, and 53 feet 4 inches during the last 1,000 years, arrives at the
conclusion that about 5,900 years ago the falls at Schaffhausen did not
exist, and have only been caused since that time by the sinking of the
bed of the stream below, and that about 1,000 years ago the surface of
its central portion below Basle was at the height of its present high
banks, or 53 feet 4 inches higher than it is, and that it then washed and
formed these banks and since then has deepened its bed and lowered its
water surface to that amount.

It the theory of Grebenau that the beds of all rivers and streams
are deepened by the power of erosion at a continuous rate of § to 4 of
an inch annually—consequently from 3 feet 14 inches to 6 feet 3 inches
in 100 years, and from 31 feet 3 inches to 62 feet 6 inches in 1.000—were
considered well founded and true, it would have a very injurious eftect
upon the cultivation of countries and future generations. I have, there-
fore, since 1376, collected data and studied the question in the most
thorough manner, and I take the liberty to communicate briefly the
result thereof.

It is known to every hydraulic engineer and geologist that rivers and
st:evns flowing through large broad valleys, if left to themselves, do
not d: epen their beds, which consist of coarse rounded gravel and débris,
but ecause their banks, which consist of lighter earthy material, to cave
in, largely increase the width of their beds, create islands, bends, and
swift currents, and finally, as they lose through this the most of their
transporting power, the débris from the regions of their headwaters and
tributary creeks and rivers is deposited and raise their beds.

During past ages these wild rivers and streams meandered at will in
the valleys, and created their existing banks by filling up the deep
gulleys and basins of ‘the sea which previously existed. At the present
time these wild streams raise their banks 1y deporits of mud during
overtflows, but not as rapidly as their beds are raised, and it frequently
T anpens that the difference of level between the bauks and bed of the
river is diminished and the height of overflows increascd.

It is also very well known to every experienced hydraulic engineer
that the velocity and motive power of these wild streams can be so much
increased by their improvement, . e., by narrowing its wide stretches,
closing subsidiary channels, making cut-offs, and finally protecting its
banks, thus increasing their slope; that the beds of these :mproved por-
tions will be gradually deepened by the removal of the pzbbles and
débris which raised them, and that they will be enabled to move the
débris which is brought from the region of the headv aters by high
waters farther down stream. If, however, this improvement is not
made throughout the whole stream this débris will be depo:ited in the
lower parts thereof, and thus raise its bed and cause it again to run
wild. ’

The tact jnst mentioned that rivers and streams, in their natural state,
have a tendency to raise their beds, and consequently their water sur-
face, and that a deepening of the former and lowering of the latter can.
only result from their thorough improvement, has been already men-
tirned in a detailed manner by Mr. Hagen, royal Prussian privy coun-
selor of the superior board of public works, in his admirable manual
on the knowledge of hydraulic works, and mmany more of the distingnished
hydraulic engineers of Germany and Italy who I requested in writing
to give me the result of their observations on this point have declared
that after many years devoted to the study thereof they consider this
an established fact, and none of them could furnish me with a single in-
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stance in which the bed of a river or stream was continually deepened
by the natnral power of erosion of the running water.

Although itmust be admitted that the friction of the particles of gravel
brought down by high water against each other does cause some mud,
yet it must be clear that by far the greatest part of that carried along
by bigh water is produced by the rain washings of the valleys, by caving
of unprotected banks, and finally by the débris, sand, and earthy matter
emptied into the stream Dby its tributary creeks and rivers, so that a
deepening of the bed cannot be even inferred trom the quantity of sand
carried oft by a stream, much less can it be measured thereby, be-
cause that which is produced by the friction among the particles of
débris is vastly overweighed Ly the very large quantity of rubble sand and
earth which is brought in at every high stage from the headwaters
and tributaries.

From this it follows that the theory advanced by Grebenau that the
mud transported by the high water of streamns is principally created by
the friction of the particles of débris on each other, and its sequence
that the beds of old rivers and streams are continually deepening
through the power of erosion of their running water, is evidently incor-
rect, since in all rivers and streams in their natural state precisely the
opposite, namely, the raising of the bed, takes place.

The incorrectness of the theory advanced by Grebenau is also proven
by historical facts, for if the deepening of river beds had continually
taken place in earlier times all valleys whose surfaces are now only from
6 feet 63 inches to 9 feet 10} inches above the medium stage of the river
must have been permanently inundated about 500 years ago, which
plainly was not the case, because at that time cities and many inhabit-
ated places existed therein. Mr. Grave in his criticism of Grebenauw’s
theory* (Deutsche Bauzeitung von Jahr, 1877, Nos. 54 and 56) has already
proven at considerable length the fact that it was opposed to historical
facts.

I can leave the contradiction of Grebenau’s theory concerning the

creation of the falls of the Rhine by reason of the sinking of the river |

bed below to the geologists, who are better versed in such a subject, but

I must, on the other hand, opppose in a determined manner is further
assertion that about 1,000 years ago the water surface of the Rhine below |

Basle was on the same level with its high banks, and that it made these,
and since that time its bed has been deepened about 53 feet 4 inches.
Grebenau, at the general meeting of the ¢ Pollichia,” in Diirkheim,
delivered a lecture, on September 11, 1869, entitled ‘“Der Rhein vor und
nach seiner Regulirung,”t which was subsequently published as a paper,

with maps and profiles attached, which proves, at great length and very

thoroughly, that in prehistoric times there existed, in the present valley

of the Rhine, between Basle and Bingen, a large sea which gradually

flowed oft, as the mountain gorge between Bingen and Bonn was formed.

The basin of this sea was filled up by the large masses ot rubble and

débris brought into it, not by the Rhine alone, but also by the creeks and
other rivers which emptied into it, to within trom 32 feet 93 inches to 65
feet 74 iuches of the present surface of the valley. The high banks,
also called the Dilurian terraces, which are from 3.1 to 4.3 miles apart
and 32 feet 9 inches in height, were clearly once the rim of this basin,
and received their present form partly through the action of the waves
of this sea, which subsided very slowly and in proportion to the crown

* German Gazette of Architecture, 1877, Nos. £4 and 56.
t The Rhine before anl after its improvement.
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of the rocky crest of the falls at Bingen, and partly to the undermining
caused by the Rhine, which meandered in this irregularly filled-up basin
in the wildest manner. Since the basin has filled up, and after the slope-
lad become regular between the crest of the overfall at Bingen and the
river bed, also consisting of rock, at Basle and at Waldshut, the Rhine
has not only not lowered its adjacent banks, which are composed of’
coarse gravel, but on the contrary has raised them from 3 feet 33 inches.
to 6 feet 6% inches, by depositing upon them sand and mud during its
frequent overtlows. '

The gradual sinking of the water surface of this sea is, to-day, plainiy
visible on the high banks on both sides, and also the subsequent under-
mining of the latter by the wildly meandering Rhine, and then, in con-
sequence of its improvement, begun in 1817, between Basle and Man-
beim, by straightening and shortening its length from about 165 miles
to 111 miles, a deepening of the obstructed river bed and sinking of the
water surface of from 3 feet 3% inches to 4 feet 11 inches took place
insome stretches of the river. The excellent hydraulic engineer, Gre-
benau, observing these visible facts, was led to the erroneous conclusion
that this deepening of the river bed and sinking of the water surface
were the result alone of the power of erosion of the Rhine, and, as he
at the same time found that at 67 stations on 12 rivers, during a long
period, there had been observed a considerable decrease in height of the
low, medium, and high-water stages, Grebenan advanced the incorrect
theory that, since the existence of all creeks, rivers, and streams, with-
out exception, their beds had been continually deepened, and their
vater surfaces sunk by the power of erosion of the running water, and
that this erosion will continue steadily in the future.

In saying the preceding I do not wish to cast any reflection upon the
memory of my departed, highly valued, and personal friend Grebenau,
whowas known and respected in the whole of Germany as a distinguished
bydraulic engineer, but I simply desire to clear up a very important
hydraulie question. : :

Now I will attempt to clear up, i. e, to rebut, the arguments, objec-
tions, and doubts heretofore enumerated of my other opponents, and
for that purpose will refer to the data and observations collected by me
since 1873, and which strengthen the correctness of my theory and prove
Grebenauw’s utterly untenable.

Reply to A.—If the decrease in height of the stages of a stream, 7. e.,
the sinking of its water surface which was observed during a long
period, were alone the result of the deepening of its bed, either by the
power of erosion of the running water or by the executed improvement
of the stream, these deepenings must take place in a large part of the
stream, must be created successively and in equal degree, and finally
must be permanent.

The changes in the bottom of the bed of a river, such as partial washing
out by whirlpools and shifting of the channel, which occur at alinost
every high stage cannot be considered as being a deepening of the river
bed in the sense in which it has been herein discussed, as these are
generally .corrected again by the next high water, and consequently
can have no effect upon the monthly or yearly average of the guage
readings.

In order to judge clearly and in a reliable manner of the effect which
the deepening of the bed of a stream through a long stretch has upon
the water stages thereof, it is necessary to plot the original cross-section
of this stream, together with the deepening in the bed and various



22

stages thereof, and we shall then arrive at the following unassailable
conclusions:

A D

g ' l

In the above figure let A, B, C, D represent the whole cross-section
and profile of discharge of a stream, which for the sake of simplicity we
can assume as perfectly regular and with sloping banks. In this sec-
tion let the line a d, e f, and g i represent respectively the low medium
and high stages of water.

If, then, after a lapse of a long period of time, say from twenty to
thirty years, the bottom of the original bed B C has been deepened to
the new bottom B C, either in consequence of the power of erosion or the
improvement of the stream, we can calculate the resulting amount which
the surface of the water has sunk, provided we assnme that the volume
of water has remained the same.

Denoting the width B C of the bottom of the bed of the stream by
b, the velocity of discharge by v, and the distance which the bed has
sunk by &, the amount of discharge, m, through the deepened portion
of the bed B B, C C, we will have '

m=>bhw.

Now, denoting the width of the water surface at low, medium, and high
stages respectively by b, b, and b,, the mean velocity at the surface at
these stages respectively by v, v, and v,, and the sinking produced by
the deepening of the bed respectively by &, ks, and ks, it follows that
since the volume of water is only reduced by the amount which flows
through the deepened portion B B, C C, the following equations are
true, viz:

M=0hr=0hv=>0 v, =03 Iy,

Now, since in the cross-section of all streams, excepting in the rare
case where both banks are reveted with vertical walls, the width of the
water surface increases with the height of the stage, that is, b, > b and
by > by, and since, as is well known to every hydraulic engineer, the
surface velocities increase with the height, that is, that v, > v, and v; >
7y, it follows that the amount of the sinking of the water surface at
higher stages must be in the inverse ratio of the product b, v, to b v and
b; 7; to b, v, and must therefore become smaller and smaller as the river
rises, that is, hy, < h and by < h,.

It is evident from the above that the following criteria must be true
in regard to decreases in the height of the water stages, . e., in the sink-
ings of the water surface which result from a permanent deepening of
the river bed.

1. Thedecreasein the height of the water must be greatest inlow stages,
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and must be proportionately less in higher stages, and must reach its
minimum in floods.

2. The decrease in the height of the water which results from the
deepening of the river bed must be the sawme, for the sawme average
monthly stage, because this deepening only takes place slowly and
gradually during a long period of years, and the stream may therefore
be considered as unchanged during the period of a year.

3. If the gauge readings of a long river, taken in the same period of
time, are compared, the amount of sinking of the surface, due to works
of improvement or deepening of the bed, will never be the same at the
different stations, but on the contrary vary greatly from each other, be-
cause on a long river only some especially bad stretches are improved
gradually and in different periods of time, and because many stretches
which are in a better condition, and especially those inclosed in rocky
banks, are left unchanged, and because it frequently happens that the
various stretches are improved according to ditferent systems, which as
the nature of the evil varies may have quite different effects upon the
stream ; and finally, because in the lower unimproved portion of the
river, bars, sand banks, and raising of the bed occur, and therefore it
happens that an equal amount of the deepening of the bed and sinking
of the water surface resulting therefrom throughout the whole river is
impossible. :

4. When a river is radically improved, and particularly when it is
considerably shortened by means of cut-offs, its bed will not only be
deepened, but its slope and the velocity of its current will be increased,
and as a result of this its water surface will be lowered, and sometimes
even more than by deepening its bed.

But these sinkings of the water surface must possess these criteria:
that they are equal at the same station, during the same months, at the
same stages, independent of the years, and that even in the same im-
proved portions of a long river they will vary with the extent and man-
ner of the improvement; and finally, that a sinking in the water surface
cannot take place on those portions of the river near its head or mouth
which are not affected by the works of improvement.

In order to furnish the proof that the considerable decrease in the
heights of the stages of European rivers, i. e., the sinking of their water
surface, as shown by me as well as by Grebenau, director of hydraulic
works, to exist, did not result in consequence of the power of erosion of
the water nor from the partial improvements made of these rivers at
different periods of time, but is solely due to a decrease in their dis-
charge, I procured authentic gauge readings at numerous stations on
the Rhine, Danube, and Elbe, divided them into two equal periods of
observation, calculated for each the montbly and annual mean stage,
as well as the highest and lowest stages which occurred, and plotted
them on sheets 1 to 6,in order that they might be more readily seen and
compared. These sheets clearly exhibit-the observations taken during
along period of years, and from them the following conclusions can
justly be drawn, viz:

(a.) The decreasein the height of water stages, i. e., sinking of the water
surface of the Rhine and Elbe, is in direct opposition to the criterion
laid down in my preceding reply to A under the head of 1; that is, it is
the least at low and increases considerably at medium and high stages,
and can, therefore, not be the result of a deepening of their beds.

The decrease shown at the six stations on the Danube did not agree
with the above, because, as will hereafter be shown, the stations at Dil-
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lingen, Linz, Vienna, and Pesth were changed during the period of
observation.

(b.) The decrease in the height of water stages at the same stations,
at the same stages of the river and during the same months varies con-
siderably, and the amount thereof depends far morve upon the season of
the year than upon the mean stage of the rivers, and this observed re-
sult further proves that the sinking is not due either to the deepening
of their beds or to their works of improvement.

(c.) It will be further seen from these plottings that at several stations
on the same river, even when they are separated by great distances,
non-improved portions and stretches flowing over rock, the decreases in
the height of the water surface, for the separate months, are the same
or very nearly so, which does not agree with the criteria laid down in
Nos. 3 and 4 of my reply to A.

RESULTS OF SPECIAL OBSERVATIONS ON THE RHINE.

It will be seen from the plotted gange readings at the six stations on
the Upper, Middle, and Lower Rhine, that the decrease in the height of
the water surface is the greatest in the summer months of June, July,
and Aungust, and least in the winter months ot November, December,
and January, although the high water of summer which is poured down
by the melting of Alpine glaciers and snow has already reached a me-
dium stage when it arrives at Cologne and Emmerich; and, on the con-
trary, the winter low water of the Upper Rhine becomes high water at
Emmerich by the addition of the water from its tributaries; conse-
quently the Rhine completely changes its nature and regimen in this
distance of 422} miles.

Mr. Von Salis, Helvetic chief inspector of public works, ebtabllshed
the fact that the bed of the Rhine at Basle has not deepened during the
relatively short period of observation from 1837 to 1872, in a communi-
cation to the Imperial Academy of Sciences at Vienna, dated April 17,
1875, from which the following is an abstract, viz:

“Gduge readings have been taken at Basle since 1808, which may be
of value in discussing the question of decrease in the volume of water
since the station has been fixed, and the geological condition of the
river bed precludes the assumption of any deepening and in general of
any change therein.”

Mr. Honsell, member of the board of public works of the Grand
Duchy of Badeu, who is in charge of the works in the district beginning
at Constance and ending at the Hessian frontier, in his letter to me
dated November 30, 1877, has furnished overwhelming proof that there
has been no deepening of the bed of the Rhine either at Basle or Wald-
shut, by pointing out the great firmness of its bed, which is composed
largely of rock, and the relative level of the old bridge across the
Rhine, built about the year 1225, and the streets of Basle. He con-

cludes his letter as follows, viz:
" “The assertion made by Grebenau that the bed of the Rhine is smk-
ing or deepening must, therefore, so far as the neighborhoods of Basle
and Waldshut are concerned not only be described as improbable, but
absolutely impossible.”

It is certain also that there has been no deepening of the very rocky
bed of the Rhine in the mountain gorge near Bingen during the short
period from 1857 to 1872,

Now, if the Rhine at the four other stations shows, in the separate
months during the half period of observations between 1857 and 1872,
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a decrease in the heights of its water surface similar to those at Basle
and Bingen, it is perfectly justifiable to conclude that neither the par-
tial improvement of the river nor a general deepening of its river bed,
but another cause which operates umtnrml) throughout its whole length,
has produced the decrease in the heights of the water surface at the
medinm stages, and it is apparent that this cause can only be the de-
crease in the discharge, which varies from month to month accordmg
to the amount of the rainfall.
- In 1817 the Royal Prussian Government ordered that the most im-
portant gaunge :stations on the Rhine at Cologne and Emmerich be
improved, and that their zero be placed 2 feet and .62 inch below the
lowest water known at that time, and this was done. In his admirable
hydraulie work, Dr, H. Berfrhaus publishes tables of the gauge read-
ings at Emmerlch from 1770 t0'1833, and expressly remarks that he
reduced the readings from 1770 to 1817 to the new zero of 1817, whose
height above the sea hie places at 34 feet 3.44 inches.

Mzr. Kluge, royal Prussian inspector of hydraulic works, at my request,
kindly furnished me with his official readmge of the gauge at Emmer-
ich from 1827 to 1873, and I was thus enabled, by comparing the tables
between 1827 to 1830. which were before me in duplicate, to substan-
tiate the fact that the zero of the gauge had remained undisturbed
since 1817.

Since the comparison of the accurate readings of the very important
gauge at Emmerich during a period of 104 years, i. e., from 1770 to 1873,
is very interesting and qmte sufficient to decide the question of the
decrease of the volume of water in the Rhine, I have plotted them on
Sheet 2, in order that they may be better comprehended.

Now, if the period from 1770 to 1835 be divided into two periods of 33
years each, and the other 38 years be considered as another period, and
the relativ e gauge readings in these three periods be compared, the fol-
lowing notew orthv phenomena will appear:

During the perlod from 1770 to 1820 the variations in height of the
annual high and low water, as well as mean stages, were very slight, ex-
cepting in the case of a few years. From 1820 to 1873 it will be noticed
that there were very frequent and considerable rises and falls in the
high, low, and mean stages, and more frequent changes between years
of abundant and small water supply.

The tlood of 1861 rose 9.45 inches above those of 1799 and 1809, and
the low water of 1865, 1866, and 1870 fell from 3 feet 7.3 inches to 4 feet
0.42 inches lower than the lowest of the first period, that of 1802; conse-
quently the ditference between the highest and lowest stages in the latter
period has increased 4 feet 9.9 inches.

In thelast period of 38 years, from 1836 to 1873, the arithmetical-mean
heights of the water stages decreased in comparison with those of the
period from 1770 to 1802 as follows, viz:

The monthly stages from 10.63 inches to................ et 4 feet 4.55 inches.

The annual wt.wes ................................................ 2 feet 4.4 inches.
The highest sr(wes e eeeeetac eececanamceeeecaeen e ane e 11.46 inches.
The lowest st‘wm e ieeicceeecace e L T 9 feet 2.2 inches.

The observations just mentlone(l furmsh perfectly exphclt additional
proof that in the last decades the Rhine at Emmerich has undergone a
considerable change in its character and regimen, and from which we
may conclude that there has been a change in the rainfall in the whole
region of its headwaters. Furthermore, since there have been no exten-
sive and radical improvements of the Rhine by cut-offs at Emmerich
since 1802 the foregoing considerable decrease in the stages of the river,
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+ ‘i €., the sinking of its water surface at all stages and seasons, can only
be explained by the circumstances that its discharge must have decreased
considerably.

The reason why the decrease in the height of water surface proves to
be greater at Emmerich than ot the five upper stations is that the de-
crease of the volume of water in the whole upper river valley, and in all
the springs, creeks, and rivers which emanate therefrom, are all con-
centrated there.

RESULTS OF SPECIAL OBSERVATIONS ON THE,ELBE.

It will be found, from the plotted readings on Sheet 3 of the gauges
on fhe Elbe at Dresden, Riesa, and Magdeburg, from 1837 to 1872, and
those on Sheet 4, taken at Dresden daring a period of 68 years, from
1806 to 1873, that almost the same circumstances exist relative to the
decrease in the height of its water surface and increase in its variations
as have been described in the foregoing paragraph on the Rhine, and,
therefore, I will not discuss them here again.

A more comprehensive view of the decrease of water in the Elbe can
be obtained from the plotted readings of the gauge at Magdeburg, taken
during a period of 142 years, from 1728 to 1869, which are given in my
first treatise of 1873. The data described in detail in the latter, and
which were collected by the international technical commissions for mak-
ing examinations of the Elbe in 1842, 1857, and 1869, are not only very
interesting, but fully sufficient to enable a conclusion on the question
before us, relating to the decrease in height of stages in that river and
sinking of its water surface, to be reached. They establish the fact that
the low-water of September, 1842, was from 3.9 to 11.4 inches lower than
those marked on the rocks in the river beds at Tetfschen, Pirna, and
Strehla for the years 1616, 1706, 1719, 1746, 1782, 1790, 1800, 1811, and
1835, and it was, therefore, the lowest during a period of 226 years.

It will be seen from the readings collected by the subsequent com-
missions for making examinations of the Elbe, and which I have tabu-
lated on Sheet 3 for all of its stations to the head of tide water at
Blekede, that in 1852, 1857, 1869, and 1873 the low water of its upper
portion, which is thoroughly improved to Dresden and Wittenberg, by
means of training walls, fell about 10 inches below that of 1842, and
that, on the contrary, in the lower river, which is only improved in
stretches by quay walls, the bed was raised by sand banks and the low-
water stage raised.

Mr. M. W. Schmidt, royal Saxon director of hydraulic works, published
in the “Civil Engineer,” in Nos. 4, 5, and 7 of volume 24, valuable
information in reference to the slope and gauge readings of the Elbe, in
the kingdom of Saxony, and this expert expressed the opinion, based
upon accurate hydraulic data, that during the last decades the mean
monthly and annual, and particularly these low-water stages of the
Elbe, in summer and fall, have decreased considerably, and to the extent
of 2 feet 0.4 inch at the station at Dresden, and from 1 foot 3% inches
to 1 foot 6.1 inches at Riesa.*

Mr. Schmidt further proves that in consequence of the improvements
which were made on the river, a deepening of its bed and sinking of its
water surface took place, which amounted to 1 foot 2} inches at Dresden
and to 7% inches at Riesa. Since the actual decrease in the height of

*The gauge stations at Meissen are not mentioned here, because the period of obser-

vation has been too short, and the effect of the improvements of the river made at
that point has not yet been determined.
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water surface has become 10} inches greater at Dresden, and from
T4 to 10} inches at Riesa, it is the opinion of Mr. Schmidt, “in view
of the strange phenomenon, that some other cause, not resulting
from the works of improvement, must have been in operation to pro-
duce this sinking in the mean stages of the water, and which, taking
all the surrounding circumstances into consideration, can only be that
the volume of water in the Elbe has diminished during the last twenty
years. Attention may be called to the fact that after the most thorough
researches of the imperial royal counsellor Wex on other European
rivers, he announced in 1873 the same conclusions which have been
arrived at by the observations of the height of the water in the Elbe.”

Mr. Maass, of Magdeburg, member of the royal Prussian board of
public works, who has made the most thorough study of the circum-
stwnces connected with the height of the water and drifting of the ice
of the Elbe, and has published the result thereof, also gives, in his letter
to me dated January 31, 1873, it as his opinion thaj the decrease in the
height, 4. e., the sinking of the water surface of the Elbe, is due partially
to its improvement and partially to the decrease in its volume of water
which has taken place.

Engineer Urbata, in “Stummer’s Engineer,” of 1875, ascribes as a
reason tor the decrease of the volume of water in the Elbe, which has
been universally observed, not only the clearing of the forests, but also
the total drainage of ponds. Emperor Charles IV ordered tlie con-
struction of ponds in the kingdom of Bohemia at the public expense,
and at the end of the sixteenth century the total area of these amounted
to 5403 square miles, of which it is said only about to the extent of 58
square miles now exist.

RESULTS OF SPECIAL OBSERVATIONS ON THE DANUBE.

In making the comparison between the mean of the monthly and
annual readings at the most importaut stations on the Danube, which
are plotted on Sheet 5, I could not choose periods of observation of equal
lengths, because unfortunately some are quite short, and because the
cross-section and the discharge of the Danube have materially changed
at several stations during the last decades. Correct conclusions from
the comparison of the mean-water stages can, therefore, only be drawn
by considering them in connection with the changes that have taken
place in the cross-section of the river. I have therefore obtained the
oldest as well as the latest cross-sections as determined by experts in
the public service at the four stations at Linz, Stein, Pesth, and Old
Orsova, have accurately plotted them on Sheet 6, and will now briefly
discuss the results of the comparison of the gauge readings at the sepa-
rate stations; at the same time, take the changes in the cross-section of
discharge into consideration.

The Danube at Dillingen.

Mr. Bernhard V. Herrmann, of Munich, chief director of the royal
Bvarian board of public works, in a letter to me dated December 3,
1877, was so kind as to communicate to me that in his opinion the quite
considerable decrease in the height of all stages, i. e., in the sinking of
the water surface of the Danube, at Dillingen, in Bavaria, which was
observed during the second half of the period comprised between 1835
and 1874, is due to the improvement of the Danube, which has been
energetically prosecuted during the last decades.
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The plot of the gauge readings at Dillingen is worthy of notice, inas-
much as the following conclusions can be drawn therefrom, viz:

The slight variations between the monthly mean, as well as the small
increase in height of high-water and slight decrease in height of low-
water stages, indicate that large tracts of forests still exist in the region
of the headwaters of the Danube, and regulate the flow of its water at
Dillingen. .

The fact that the variations in the monthly mean as well as in high
and low water stages are so uniform, observed during the second half
of the period included between 1855 and 1874, proves that the extensive
river improvement at Dillingen has not only deepened its bed, Lut has
also increased the velocity of its current considerably.

The plot of the gauge readings at Dillingen may therefore be con-
sidered as a prototype of the relative water stages of such rivers whose
discharges are regulated by large forests existing in their valleys, and
also for such as havedeen extensively and radically improved, and par-
ticularly of those in which the slope has been increased by diminishing
their lengths by cut-offs. Now, as none of my plots of the gange read-
ings on many other streams and at various stations resemble this proto-
type at Dillingen, as far as regards the very uniform stages of water
and their nearly equal variation at all seasons of the year, it follows
that the causes which are at work at Dillingen either do not exist at all

at the other stations and on the other rivers, or exist in only a very

slight degree. ‘
The Danube at Linz.

The piot of the gauge readings at Linz, taken during the second half
of the period included between 1849 and 1875, shows scarcely any vari-
ation in the months of April, May, June, July, and August, which are
the five richest in water supply; but, on the contrary, during the other
seven months, shows a decrease in the height of water stages or sinking
of the water surface of from 1.42 to 8.32 inches, of 4.8 inches in the annual
mean, of 7.22 inches in high and 0.5 inch in low stages of the river.

It will be seen, however, from the cross-sections of the river, accurately
taken in 1850 and 1877, only 54 feet 8 inches above the gauge at the
bridge, and which are plotted on Sheet 6, that the cross-section of dis-
charge was diminished by the construction of terraces and revetment
of the river banks about 452 at the zero, about 646 at the medinm, and
about 1,604 square feet at the 19-foot 8-inch stage; and that in conse-
quence of this decreased cross-section the surface of the water during
the period included between 1850 and 1875 must have been raised as
follows, viz: At the zero stage, about 6.66 inches; at the medium stage,
about 9.84 inches; and at the high stage, about 1 foot 10.41 inches.

If, therefore, the cross-section of discharge had not been diminished,
the sinking in the water surface of the river during the second half of
the period included between 1849 and 1375 would have amounted as
follows, viz: At the zero stage, to about 7.8 inches ; at the medium stage,
to about 1 foot 1.12 inches; and at the high stage, to about 2 feet 4.44
inches. '

This can only be the result of a decrease in the disch&rge of the Dan-
ube at Linz, since it has not been improved at that point, and there has
been no deepening of its bed.

The Danube at Stein.

The gaunge readings of the Danube at the city of Stein, near Krems,
are of the highest importance in this discussion, because at that place
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one of the oldest wooden pile bridges spaus the Danube, and there is a
whart which is very much used. In eonsequence of the frequent re-
newal of the piles of this bridge, and the examinations made to deter-
mine the best location for its draw, frequent aceurate cross-sections of the
river were taken, and the gange readings since 1829 were also preserved.
I found, in prosecuting my researches, that no improvement of the Dan-
ube was made atter 1329 until 1874, when its bed was narrowed at the
bridge; aud, therefore, L have considered neither the alterations in the
water stazes nor changes in the bed ot the river caused thereby since
1874.

I also obtained the ofticial cross-sections of the stream taken at the
bridge at Stein in 1833, 1348, 1338, 1864, and 1372, compared them, and
finally plotted the first and last ones together on Sheet 6, From these
it will be seen that the bottom of the river-bed,* which is here composed
of gravel, wax, it is true, at times deepened by high waters, but then
again filled up by them, so that the mean depth of the cross-section
taken in 1572 differs only .2 of an inch from that of the one taken in
1838. It follows from this that a general sinking of the bottom of the
river bed was not effected by the power of erosion of the running water,
and that, theretore, Grebenau’s theory seems unfounded.

Now, it will be perceived by examining the plotted gauge readings at
Stein on Sheet 5, that in the second half of the period “included between
1853 and 1873, the beights of all stages of the river have decreased, as
follows :

The mean stages by from 3.03 inches to 1 tfoot 4.58 inches; the annual
mean stages by 8.58 inches ; the mean high stages by 1 toot 10.76 inches ;
the mean low stages by 8.47 inches.

Now, as the Danube was not improved at Stein, nor any deepening in
the bottom of its bed took place, the assertion that this decrease in its
water stages is alone due to the decrease in its discharge can be made
with the fullest justitication.

The Danube at Vienna.

The changes which have taken place in the cross-section of discharge
of the Danube at-Vienna could not be determined, because it was di-
vided at this place iuto two large arms and the Vienna Danube Canal,
which is 54 yards and 2 feet wide, and hecause a number ot smaller sub-
sidiary channels which existed just below the city were closed. It can,
however, be generally asserted that the cross-section of discharge de-
creased considerably during the period included between 1851 to 1874,
by reason of the tacy that the southern arm, the so-called ¢ Kaiserwas-
ser,”t 162 yards wide, which formerly was 6 feet 63 inches deeper than
the zero, and which had a considerable discharge, is so filled up that
now, at the zero stage, there is none, while at the same time the cross-
section of discharge of the northern arm has changed but little,

If, notwithstanding this, the tabulated comparison of the water stages
and the plot thereof on Sheet 5 show that the monthly and annual
mean as well as the high and low water stages for the period included
between 1351 to 1374 have decreased from 5.1 inches to 1 foot 8.9 inches,

* The original supposition of the government experts, that a portion of the river-bed
was rocky, was subsequently proven to be incorrect by the deepening which took
place; and the rocky ledge, which shows itself in the river-bed about 1,968 yards
below, either does not reach up to the bridge, or, it 1t does, lies at a great (le])th

flmpenal stream.
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as they do, it follows that the discharge of the Danube has decreased
during that period.

The gange readings since 1874 are not considered in this discussion,
because the cut-off at Vienna, which has the normal breadth and depth
of the stream and a length of 4 miles and 13 yards, was opened in 1875,
the old chanunel completely closed, and the gange station transferred to
the cut-off, and therefore no reliable conclusions eould be drawn by com-
paring the readings before and after the opening of the cut-off.

The Danube at Old Orsova.

The gauge readings of the Dauube at the city of Old Orsova are
very important and very satisfactory in the discussion and decision of
this question of the decrease in the volume of water, because all the
larger tributaries empty into the stream above this place, and, being in
consequence thereof a mighty stream, replete with water, the abnormal
stages of water in single tributaries, caused by particular elementary ac-
tions in their valleys, have no influence on its discharge at Orsova.

Again, in consequence of the great difterence in the configuration,
composition ot the soil, and climatic conditions of the several valleys
of the tribntaries which flow into it from the south, west, and north,
these carry off their high and low water, at different times, the Danube
at Orsova may be considered as a great recipient and regulator of the
bigh, medium, and low waters of its tributaries.

For these reasons, the most reliable conclusions relative to the dis-
charge of the stream produced by the water which it receives from its
whole upper valley can be drawn from the gauge readings at this sta-
tion. but ounly then if it is proven that during the period in which the
readings were taken there has been no change in the direction ot its
current, its cross-section of discharge, or in its slopes.

1t can be seen from any large river map of Europe, and from works
published on hydraulic subjects, that the bed of the Danube for a dis-
tance of 635.86 wiles below Orsova is situated in a vast mountain gorge
of the southern chain of the Carpathian ranges, and that throughout
this whole distance its sides, and throughout most of it its bottow, con-
sists ot rock, from which it may safely be inferred that the direction of
its current and its cross-section have remained unchanged during cen-
turies.

It will furtlier Le seen from the plan and cross-sections made Ly the
very intelligent Hungarian hydraulic engineer, Paul Vasirhelyi, between
1532 and 1834, which I published, to gether with a lecture entitled
¢ Ueber die Schiffbarmachung der Donau am Eisernen Thore und an den
sieben Felsenbiinken oberhalb Orsova,”™ in the ¢ Zeitschritt des Oster-
reichischen Ingenieur und Arcaitekten Vereins,”t in No. 10 of 1872, that
at a point 961.85 yards above Orsova the Danube had a nominal width
at the zero stage of 4624 yards and a depth of 38 feet 104 inches in the
center of its chaunel,

Now, since Sir John Wawra, imperial and royal director in chief of
the board of public works, who was sent to Orsova as a member of the
international commission of eéxperts to devise plans for the improve-
ment of the Danube, took its cross-section in 1873 in the most careful man-
ner, which cross-section is plotted on Sheet 6, and found that the river,
at a point 961.85 yards above Orsova, was 4634 yards wide and 38 feet

* On making the Danube navigable at the Iron Gate and at the seven rocky ledges

above Orsova.
tJournal of the Society of Austrian Engineers and Architects.
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53 inches deep in the center of its channel, the proof is furnished by
the approximate coincidenc> of these measurements that at Orsova the
bed of the river, its depth, and its cross-section of discharge have re-
mained unchanged since 1832, which is quite natural, since its cross-sec-
tions are bounded by rocks, both above and below that city, and make
a change therein impossible.

Although it is true that the first private “Danube Steam Navigation
Company” between 1847-1849, and subsequently in 1855, the imperial
royval Austrian Government did remove, by blasting, some projecting
rocks whieh endangered navigation at the lower end of the falls at the
Iron Gate, yet these could not have the least influence upon the stages
of the river at Ursova, because the sections of the removed rocks were
insignificant compared to the cross-section of the river, and because they
were a part of a ledge which is situat: d 5.9 miles below that city at the
foot of the falls, con\equentl\ below its erest, and whose surface is
about 23 feet below the zero of the gauge at Orsova.

Now, as it ean be seen from the profile of the river, which I published
in 18:2, that, between Orsova and the Iron Gate and at the distances
of 2.8 and 4.04 miles, two continuous ledges of rock, whose upper sur-
faces lie only 4 feet 4 inches and 4 feet 8 inches below zero, stretch en-
tirely across the river bed, it follows further that it would be a down-
right impossibility for the slope of the Danube to have changed at that
point, and it can therefore be safely asserted that, during the period from
1840 to 1875, in which the gauge readings were taken, the direction of
the current, cross-section, and slope of the Danube remained unchanged
at Orsova.

A comparison of the tabulated readings of this gauge, taken during
the second half of the period of observation between 1858 and 1875, and
the plot thereof, as presented on Sheet 5, will show that the mean of the
monthly and aunual as well as the high and low water stage has de-
creased from 6.18 feet to 2 feet 5 inches, and this general decrease in the
volume of water, i. e., in the height of its water surface at Orsova, can
only be accounted for by the fact that the discharge of the stream has
diminished there.

1t is notorious that, during the last decades, in several of the tribu-
taries of the Danube—as, for instance, the Theiss and the Save—the tloods
s)metimes rise higher than they formerly did, and their discharge is
thereby increased, and that their floods are frequently poured into the
great bed of the Danube and pass Orsova simultaneously with the water
from other tributaries which are at a medium or low stage, yet the gange
readings, taken during the second half of the period of observation, show
that these accumulated waters no longer reach the same height which-
they formerly did, and that the heights of the greatest floods are not as
great as they formerly were by 1 foot 9.65 inches. The facts thus fur-
nished by the large masses of water, collected together by nature itself
in the Danube at Ursova, certainly will furnish every one with clear and
indisputable proof that the high floods which sometimes occur in sev-

~eral of the tributaries do not compensate for the continued decrease in
the discharge of the others at their low and medium stages.

By comparing the readings of the six gauges on the Danube it will be
seen that at Stein, Vienna, and Orsova the decrease in the height of the
water stages is greatest during the month of October; consequently, a
uniform cause throughout the whole valley must have operated to pro-
duce the uniform effect, and that cause must have been a decrease in
the rainfall.

It will also be seen by this comparison that the regimen of the Dan-
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ube is partially ¢changed in its course from Linz to Orsova, as the great-
est discharges at Linz, Stein, and Vienna take place during the months
of June, July, and August, i. e., during the period when the snow on
the Alps melts, and on the contrary at Orsova during the months of
April and May, i. e, during the rainy season of spring.

Although the foregoing proof, furnished by the decrease in the dis-
charge throughout the whole length of the three principal rivers of

Central Europe, . e., the Danube, Rhine, and Elbe, of the correctness -

of my theory in regard to the decrease in the volume of water in springs
and rivers would seem to suftice, I have, nevertheless, in the inte est of
science and for the purpose of inciting the arrangement and publication
of further observations pertinent to this subject, and finally, in order to

make the thorough study of this highly important hydraulic question
by my fellow professionals and naturalists more easy, at the end of this
treatise added a tabular exhibit compiled from the gauge readings col-
lected by me and Mr. Grebenau at 31 stations on 13 rivers. These
readings were divided into periods, and from these the annual mean
height of the water stage, as well as of the high and low stages, were
caleulated, and finally from these ascertained the decrease in the read-
ings during the second half of the period of observation, in order that
the latter at separate stations and rivers could be more easily compared
with each other.

I take the liberty of giving the following explanation of the manner
in which the calculations for this exhibit were made. I not only caleu-
lated the monthly mean stages because a comparison of the latter shows
not only the changes which took place in the regimen of the rivers, but
also clearly the fact that the decrease in the height of their water sur-
faces could not be alone explained by a deepening of their beds.

In this tabular exhibit of gauge readings I took the mean of the vari-
ous high and low water stages which occurred in each year, but even
these do not furnish so clear and instructive a picture of the relative
discharge of ariver during long periods as the plots of 1ts lowest, medium,
and highest stages which I presented in my first treatise for the Rhine,
Danube, Elbe, Vistula, and Oder, and in this on Sheets 2 and 4 for the
Rhine at Emmerich and the Elbe at Dresden. By an examination of
the annexed tabular exhibit and the calculated means of the gauge
readings at 51 stations on 13 rivers, the following important conclusions
may be drawn, viz:

1. Of the 160 differences in the gange readings which are given in the
table, 149 show a decrease and ouly 11 an increase in the height of water
stages, and it can easily be proven that the latter were caused either by
the present increase in the height of flood stages or by a decrease in
the cross-section of discharge or by the bottom of the bed of the stream
being covered with sand.

2. The average annual decrease in the helght of the water surface, i. e.,
sinking of the water surface, is not only ditferent on different rivers,
but also for the different stations on the same river, and this is also the
case with the low, medium, and high water stages, and evidently result
from a difference in the amouut of the rainfall in the different parts of
the valleys. Not only the decrease in the water supply caused thereby,
bat also the deepening of the river bed resulting from works of improve-
ment at certain localities, and finally, also, the configuration of the cross-
section of discharge must have exerted a great intluence in lowering the
water surfaces. For this reason Grebenau’s attempted calculations, based
upon an equal mean in the decrease in the height of the water surfaces
for all of the 14 rivers and 75 gauge stations discussed by him, as well
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as for the different stages thereof, are entirely inadmissible, since only
incorrect results can be obtained from them.

3. Since the closest examination of the plot of the gauge readings on
the five rivers, Rhine, Danube, Elbe, Vistula, and Oder, presented in my
first, as well as in this treatise, does not reveal that in the case of these
rivers the number of the years which are rich or poor in water supply
is not fixed in.duration, or that they change regularly, or finally that
they return at fixed periods, it cannot be determined during how many
years gauge readings must be takep in order to be able to calculate
from them a thoroughly reliable mean, and consequently cannot be de-
termined, either theoretically or by experience, how long it is absolutely
necessary that the two periods of observation which are to be compared
should be. But it is clear to all that the longer the periods of gauge
readings are, the more correct and reliable will be the mean calculated
from them, since the-years which are either very rich or poor in water
supply, and which undoubtedly occur in the one or the other of these
periods, have so much the less influence upon the calculated mean.

In consideration of the foregoing, the calculated decrease in gauge
readings given in the annexed exhibit must have a greater value than
such as were deduced from readings made during a shorter period.

It is also clear from this exhibit that the mean decrease in the height
of the water derived from readings taken during a shorter period, and
that the sinking of the water surfaces has become considerably greater in
the last decades than formerly, which is explained by the fact that in the
last decades there have been a greater amount of clearing, drainage of
ponds and marshes, and improvement and irrigation of large tracts.

Sinking of
the annnal
No. Names of rivers and gauge stations. mean of the
gaugeread-
iugs
In inches.
1 0.114
21 024
25 0.40
31 | Stein..... . 0.41
32 | Vienna .. - *0. 425
34 | Ol Orsova 0.9
III.—ELBE. l
b I 0] LT U R *0.197
40 | Magdeburg oo i iiteeticetiectcetiatteneect e iameene e s , 0. 394
IV.—VISTULA.
42 | Cracow ceee 0. 433
43 | Kurzebrack 0. 558
L S G T 0 1 (R 0.114
X.—SEINE.
F32 T 3 t0.59
XI.—GLOMMEN. |
54 | Nastangen 0.11
55 | Sarplos ceeeiiniieeiiiiii e, 0.24
XII.—MIssIssirpl.
56 | NatChez ....ooreeereecerimecceecesesecneeecirciesnceecescneecssaanassenronsassnsscns 0. 697

~ » The amount of tl;e‘zrainking of the water surface due to the dee-pening of the bed by improvement
of the rivers was deducted at Vienna and Dresden.
t At Paris the mean of the decrease in gauge readings at the highest and lowest stages were taken.

3w
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4. From the annexed tabular exhibit the foregoing schedule is ob-
tained by considering only the variations of the mean stages which are
really the most noteworthy, at the most important stations at which
material changes have taken place in the bed of the stream, and finally
those that are denved from readings made during the longest periods.

From the schedule it will be seen that the decrease in the gauge read-
ings increases in different rivers with the greater extent of their valleys,
which seems to me to be another proof that the decrease in their dis-
charge is due to a decrease in r’uni.lll and the consequent decrease in
the volume of water.

Reply to B.—The supposition of some of my opponents that it cannot
be reliably concluded from a decrease in the gauge readings on a river
that its discharge has decreased is unfounded, as the following proofs
will show:

Mr. Grebenau, who was known as one of the most skillful hydraulic
experts in the measurement of discharge of rivers and streams in Ger-
many, while stationed at Germersheim in his former rank of inspector
of public works, measured the cross-section, the slope, and the velocity
of the current of the Rhine thirty-eight times at six points near Neu-
burg, Pforz, and Germersheim, and with all possible accuracy, and from
these he calculated the quantity of water which the Rhine had discharged
during the period of twenty-eight years included, between 1840 and
1867, which calculations 1 pubhshed in my first treatlse of 1873. From
these measurements Mr. Grebenau calculated the mean dlscharge of the
Rhine, during the period from 1840 to 1867, to have been 41,596 cubic
feet per second, and that the reading of the gauge at Sonderhelm, cor-
responding to thls discharge, should be 4 3/3.3685"”. The arithmetical
mean of all of the readings taken at this gauge during the above period
was found to be + 3/ 1/, so thatthedifference between the two amounted
to only 2.3685".

Mr. Grebenau, in communicating the result of these measurements to
me in his letter dated February 2, 1872, gives the following opinion,
viz:

“ From this it follows that the mean stage of the river nearly corre-
sponds to the arithmetical mean of the gauge readings, and that the
error would have been small if in the beginning the discharge of the
Rhine had been deduced from this arithmetical mean. This is a new
and not unimportant law, which saves great and extensive calculations.”

Grebenau, in his pamphlet on the results of gauge readings on the
Rhine and Mosel, published in 1874, on page 20 makes the following re-
mark bearing upon this point :

‘“Although the annual mean discharge of the Rhine deduced from the
mean stage is nearly in the same ratio as the mean of the gauge read-
ings, yet it does not follow from the ditference in these mean stages, which
was observed during the two periods, before and after 1840, that its dis-
charge has decreased, since the difference is solely the result of the im-
provement of the river.”

That the mean discharge of other rivers can be nearly accurately calcu-
lated from the mean of the gauge readmgs is apparent from the follow-
ing results of measurements:

Mr. Harldcher, professor of the science of engineering at the German
Polytechnical Academy, at Prague, mmeasured with the greatest accu-
racy the discharge of the Elbe at Herrnskretschen, on the boundary
line between Bohemia and Saxony, at the same cross-seetion, and at its
various stages, and calculated from these the discharge during- the
twelve months, from July 1, 1871, to the end of June, 18"", and although
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during the period there were five floods (and among them the extraor-
dinary one of May, 1872, caused by bursting of clouds), nevertheless,
Mr. Harlacher found that the difference between the mean of the gauge
readings and the height of the water surface due to the mean discharge
of the river, during these twelve months, amounted to only 3.15 inches,
and after a more accurate calculation to only 1.575 inches. (See ‘“Beit-
rige zur Hydrographie Bohmens,” von A. R. Harlacher, Prag, 1872 and
1875.*)

It should here be remarked that in both cases calculated by Grebenau
and Harlacher the mean of the gauge readings was smaller than the
height of the stage corresponding to the mean discharge ; furthermore,
that the difference pmounted to nothing in months during which only
moderately high waters occurred, as will be seen from Harlacher’s cal-
culations, and on the contrary in months during which very high waters
occurred the difference becomes somewhat greater, but yet on an aver-
age, during long periods, it will be found very small.

Now, as it may be assumed that the conditions just mentioned existed
in the other streams during the various periods of gauge readings, and
in further consideration of the fact that the height of the water stage
corresponding to the mean discharge can only be determined by very
difficult and extensive hydraulic measurements and calculations, in
which considerable mistakes may easily be made, every experienced hy-
draulic engineer will agree with me that in such stretches of streams,
in which the cross-section and the slope have remained unchanged, it may
be concluded with complete justification and reliability, from a decrease
in the mean of gauge readings taken during a long period, that their
discharge has decreased.

Reply to C.—The supposition expressed by some of mmy opponents—that
the discharge of rivers and streams has probably not decreased but that
only their regimen has changed, since although at present that discharge
at low and medium stages is smaller, yet it is very much greater at high
stages, and that therefore the decrease in the former cases may be com-
pensated by increase in the latter cases—is plainly incorrect, since on
several rivers and at many gauge stations thereon the readings of high
stages have decreased during the second period of observation. This
has taken place on the Rhine at Basle, Worms, Bingen, and Cologne; on
the Danube at Stein and Orsova; on the Vistula at Cracow; and on the
Oder at Kiistin. The supposition is turther increased because in calcu-
lating the annual arithmetical mean of the gauge readings, the high-
water stages are included, and because the monthly and annual mean
of high-water stages have been found to decrease at almost all of the
51 stations on 13 rivers, which are compared in the tabular exhibit, and
finally, because, if only a change in the regimen had taken place, the dis-
charge during some months should decrease, and in the other months in-
crease, a circumstance which has not taken place on any of the streams
which are mentioned, except at a few gauge stations.

In my description of the circumstances attending the discharge of the
Rhine at Emmerich and the Danube at Old Orsova I have already given
the most striking proof that the decrease in low and medium stages is
not cowpensated by that of the high stages which occasionally occur.
" Reply to D.—The assertion made by Mr. Sasse, member of the board
of public works, in his treatise upon the relations of the Elbe at Torgau,

* Contributions to the hydrography ot Bohemia, by A. R. Harlacher, Prague, 1872
and 1875,

t Zeitschrift fiir Banwesen von Erbkam. Jahrgang, 1874, Journal of Architecture,
by Erbkam, 1274,
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that noreliable conclusions can be reached that the discharge of streams
has decreased until gauge readings have been taken during a period of
at least 200 years could only be true if it were established that the years
which are either very rich or very poor in water supply alternate and
return at long intervals of about 40 or 50 years, for then it would be
necessary at any rate to take at least two periods rich and two periods
poor in- water supply in order to obtain a reliable mean. But since it is
apparent from the plotted gauge readings, in this as well as in my first
treatise, of five rivers, during periods of from 60 to 142 years, that the
periods rich or poor in water supply do not habitually last longer than
from three to five years and that they do not recur in regular order,
and since the further assumption of Mr. Sasse that the discharge of
. streams during years rich is frequently three times as great as that dur-
ing years poor in water supply is true only of the smallest number of
streams and only very seldom, of which my plotted gauge readings will
convince any one, his assertion that in order to reach a reliable conclu-
sion as to the decrease in the discharge of rivers gauge readings must
be taken during a period of at least 200 years appears unfounded, since
from my plotted gauge readings it appears that we can—if we take these
during periods of from 40 to 60 years, divide them into two periods, cal-
culate the mean of each of these, and then compare these means—infer
from an increase or decrease in these that the discharge has become
greater or less.

I should remark, however, that if in any year in either of the half
periods of observation a flood, produced by extraordinary action of the
elements, should occur, as happens rarely during 100 years, it would cer-
tainly seem advisable in order to obtain a correct mean of the gauge
readings to exclude such an abnormal year and substitute for it the year
of the other half period which was richest in water supply. I did not,
however, deem it necessary to make the correction just referred to in
my exhibit and plot of the gauge readings. )

Reply to E.—The opinion of some of my opponents that a decrease in
the discharge can only be reliably established by making direct meas-
urements of it on rivers and streams from time to time during long
periods, seems at first to be evident, but if we calmly consider the whole
proceeding and the manner in which such measurements and calcula-
tions must be made, the surprising result will be reached that to estab-
lish the decrease in discharge by direct measurements is quite impracti-
cable and almost impossible, as I now propose to show.

First of all, every hydraulic engineer will agree with me that it is an
utter impossibility to make during 30 or 40 years uninterrupted meas-
ures of discharge, and at the varying stages at such stretches of streams
in which the current, the cross-section, or the slope are constantly
changing, and then by comparing the volumes of discharge of the two
periods to determine whether an increase or decrease has taken place.
In this matter every experienced hydraulic engineer will agree with me
that the discharge can only be measured on those stretches of the stream
in which the current, cross-section, and slope have remained unchanged
during 30 or 40 years, as I bave shown to be the case on the Rhine at
Basle and on the Danube at Old Orsova. s

Now, if we assume that, in order to decide the question whether the
discharge of a stream has mereased or diminished, a hydraulic engineer
is intrusted with measuring it on an unchanging stretch of it during a
period of 30 years, and assuming also, for the sake of simplicity, that in
this stretch only those stages occur—that is, the lowest &, the medium
2y and the high A*—and that he has in the first year executed his trust,



37

and has found by accurate measurements that at the selected cross-section
of the stream the discharge per second at the stage h was M, at the stage
It was M!, and at the stage h?> was M2

Now, if the engineer, after 5, 10, 20, or 30 years have elapsed, makes
similar accurate measurements of discharge at the same cross-section at
the same three different stages, it is evident that, if the current, cross-
section, and slope of the stream have remained entirely unchanged, he
will find exactly the same quantities of discharge, M, M!, and M? and
it will be impossible, in spite of. these measurements, after a lapse of 30
years, to determine whether there has been an increase or decrease in
the volume of discharge, since the gross amount of the latter depends
upon the duration of the low, medium, and high water stages.

What has just been said concerning the three stages of the water is
also true of all the variable stages of a stream during the whole period
of observation, and therefore my assertion that the volume of discharge
of a stream cannot be determined Ly measurements at an invariable
cross-section, when the discharge will during the whole period of obser-
vation be the same for the same stage of water, but only from the cal-
culated mean of the gauge readings whether the volume of discharge
has increased or decreased, seems well founded.

If it is desired, however, to calenlate and compare with each other the
gross volume of discharge which takes place during two periods of
about fifteen or twenty years each, the following method, already
adopted by Mr. Grebenau in calculating the gross volume of discharge
of the Rhine at Sondernheim from 1840 to 1867, and by Mr. Sasse,
member of the board of public works in his calculation of the gross
volume of discharge of the Elbe at Torgan * from 1831 to 1850, must be
pursued. .

First.of all the curve must be constructed based upon accurate meas-
urements at various stages, and at a constant cross-section, from which
the discharge at any stage can readily be obtained for a second of time.
Then from the table of gauge readings the exact number of days of the
period during which each stage lasted, and then multiplying the dis-
charge M M;M,, &ec., per second at each stage by 60 x 60/ x 24—
86,400 seconds, and this product by the number of days of each half
period of fifteen or twenty years, during which the stage lasted, and add-
ing together all of these sums for each of the two periods, we can learn
from the resulting gross amounts whether in the second half of the pe-
riod of observation the discharge has decreased. v

Now every experienced hydraulic engineer must agree with me that
it is very difficult to measure the discharge of a large stream at the dif-
ferent and especially at the high stages, also to obtain the correct curve
from these, and also to make the weary, time-robbing, and tiresome col-
lection of the same stages from the tables of gauge readings taken dur-
ing a long period, and to make the unavoidable rounding off' of those
that are nearly alike to get them into designated groups, and finally to
perform the similar time-consuming multiplication and addition of colos-
sal sums, in consequence of which a very busy engineer must intrust
the labor to an assistant, and that mistakes are very easily made which
may be greater than the actual difference between the gross amounts of
discharge of the two half periods of observation, and actually reverse
theresult, and that on the contrary the calculation of the annual mean
stage of the river, as well as the mean of the gauge readings taken dur-

*Zeitschrift fiir Bmesen von Erbkam, vom Jahr 1374, Journal of Architecture,
by Erbkam, 1874.
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ing a long period of time, can be made easily and without error from the
tables of gauge readings.

Under these circumstances hydraulic engineers will probably now
acknowledge that the result of Grebenau’s experience in the measure-
ments and calculations of discharge so numerously made by him, that
the arithmetical mean for a long period, calculated from the tables of.
gauge readings, is nearly identical with that stage of the river which
corresponds to the mean of the discharge obtained from measuring the
volume of discharge during that period, is highly important, and it is
therefore easier and more reliable to obtain the mean stage of a river dur-
ing a long period from the tables of the gauge readings taken during
that period.

Now I will mention another suuple method by which, without the very
difficult and time-consuming measurements of dlscharge, even a non-
professional can calculate the amount of decrease in the discharge of a
stream during a certain period. It must be here remarked that only
such stretches and such gauge stations, where the current, cross-section,
and slope of the stream have remained unchanged during the whole pe-
riod of observation, are suitable for reliable calculations of the actual
decrease in discharge, and I will therefore, to illustrate my method by
examples, take the stations on the Rhine at Basle and on thie Danube
at Orsova, both of which are fully suited thereto.

According to the comparison of the gauge readings in the annexed

tabular exhibit in No. 1, the annual mean stage of the Rhine at Basle
decreased on an average during the second half of the period of obser-
vation from 1809 to 1868 (that is, from 1839 to 1868) at the rate of .114
inch per annum; that is, an upper layer of water .114 inch thick was
discharged less each year. Mr. Grebenauy, it is true, did not give the
mean of the annual stage from 1839 to 1368, but it will probably be very
nearly the same as that for the period from 1840 to 1872 given in No. 2
as 5.8495 feet, or 5 feet 10.194 inches above zero. If now the mean sur-
face velocity for this stage is obtained, which can easily be done by
throwing a number of floats into the stream at equal distances apart,
we can, by multiplying the breadth of the stream by the mean surface
velocity and the product by the established sinking in the height of the
water surface, i. e., .114 inch, obtain the volume of water per second by
which the discharge of the Rhine at Basle is decreased. All the data
necessary in order to make the calculations for this case can be obtained
from the “Internationalen Rheinstrom- Messung bei Basel im Novem-
.ber 1867.”* It will be found from this scientific and very thorough
work that at the stage 5’ 10.194// above the zero of the water at Basle
the width of the water surface is 728.31762/, and the mean velocity of the
water on the surface of the stream is 7.4144', so that the decrease in the
volume of discharge will be 728.31762'x 7.4144' .00952=46.7971 cubic
feet per second, and by further multiplication will amount to 1,475,794,557
cubic feet per annum.

Now, as the areaof the whole valley of the Rhine above Basle is given
in the Swiss charts at 35,906,900,000 square meters—2386,463,047,300
square feet, the foregoing decrease in the discharge of the Rhine would
1,475,794,557

36,468,047 500

indicate a decrease in the depth of the rainfall of 3

L0038’ = .0456'" per annum,
Now, if we base our calculations upon the decrease in the helght of

* Intt‘l‘lldthﬂ&l mefwnrements ofth( Rhme '1t Basle in November, 1867. Theﬂe mea

urements of the Rhine were described and published by Grebenau.  Mareh, 1873.
Lindauer’s bookstore.
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water-stages during the period of 16 years from 1857 to 1872, which,
under the head of No. 2 in the tabular exhibit, is shown to be .77556/' =
.06463/, and take the corresponding dimensions from the work above
cited, i. e., the stage at 5.3344/, the width at 639/, and the mean velocity at
6.56, the decrease of the water during the period will be found to be
659/ x 6.50" X .06463'=279.5703 cubic feet per second and 8,816,528,981
cubic feet per annmin. The amount of decrease in the depth of rainfall
8,816,528,981 00! 0=
356,468,047,300 =0228'=.2736".

- Tt will be shown hereafter how nearly these calculated results agree
with the meteorological observations.

During the second half of the period of 36 years, i. e., from 1838 to
1875, the mean stage of the Danube at Old Orsova was 8.211(/ and the
average decrease of the latter .0748’, as will be seen at No. 34 of the
tabular exhibit.

According to the cross-section of the Danube at Old Orsova, taken in
1873 by Sir Wawra, chief of the board of public works, and shown on
Sheet 6, the width of the stream when at this stage was 1,549, and the
mean surface velocity, taken, however, at a stage only 3.28071’ above
zero, was 2,687/,

It is universally known that the mean surface velocity of a stream
increases with its height, and hence I ascertained by actual measure-
ments of the velocity of the Danube at different stages between Ofen
and Pesth, and at a similar cross-section at the foot of Block’s hill, that
when the water rises 4.92’ then the mean velocity of the surface cur-
rent is increased about 1.148. It can therefore be assumed approxi-
mately that when the Danube at Old Orsova is at its 8.211¢/ stage its
mean surtace velocity will be 2.687/ 4 1,148/ =3.835',

The decrease in the discharge for an annual diminution of .0748’ in
the height of the stage would therefore be 1.549 x 3.835' x .0748'=
43.2189 cubic feet per second, and consequently 1,362,951,220 cubic feet
per annum. )

The whole valley of the Danube has an area of 14,420 geographical
square miles, of which the portion below Orsova contains 4,100. The
portion above this place then contains 10,320 geographical square miles
=6,093,561,254,602 square feet. The decrease in rainfall is therefore

1,362,951,220 00O i
found to be 6,093,561,254,602—'000224 =.0027"" per annum, and there
fore during the whole period of 18 years, .0486 inch. It is no doubt self-
evident that this decrease in rainfall was greatest in the mountainous
regions and on the contrary less on the plains,

Reply to F.—In order to remove the doubts and exceptions in regard
to the correctness of the assertion made by me that the rainfall has
been decreased by the destruction and devastation of extensive forests,
I believe it to be necessary, in the first place, to call attention to the
-opinions and treatises on this subject by distinguished experts and natu-
ralists given in detail in Chapter I, and then to communicate the follow-
ing explanations and results of my observations.

It is quite natural that the meteorological observations made in En-
gland, Scotland, and at Paris, St. Petersburg, and Copenhagen, during
about 100 to 190 years, did not indicate any decrease in the volume of
the annual rainfall, since these countries and cities are situated in the
vieinity of the sea, and receive the rain-clouds, so to speak, from first
hands. Even if it should appear from the meteorological observations -
at the principal cities of the continent that at these no decrease of rain-
‘fall had taken place, this can be explained by the fact that during the

per annum would therefore be
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last decades no such extensive clearings as would cause a decrease in
the volume of rainfall have taken place in their vicinities.

I can give only two instances to prove that there has been a decrease
in rainfall in those regions, and especially those of a mountainous char-
acter, in which large clearings were made, because, unfortunately, in
former times no meteorological stations existed in these localities.

Mr. Adam Seidel, chief forester at Bodenbach, in the Erz* Mountains
of Bohemia, made precise meteorological observations uninterruptedly
during the period from 1828 to 1873, the results from which were revised
and published by the Imperial Royal Central Bureau of Meteorology.
If the observations of 1828 and 1850, which were incompletely made, are
eliminated, and then divide the remainder of the time into two equal
periods of 22 years each, and calculate their arithmetical means, the fol-
lowing results will be obtained, viz:

Meteorological obscrvations by Chief Forester Adam Scidel, at Bodenbach; arranged by
Stanislaus Kostliwy.

|

i Annual mean. |

~ _ . Decrease
; ' from 1852

- 1829to | 1852to | to 1873.

1851. 1873, I

Mean temperature of the air ........cooooeenia.l. degrees Fahrenheit.. 47.66 47.22 0.44
Pressure of vapor...... .... inches..| 0.2992 0.2874 0.0118
Humidity of the air .. per cent.. 84.6 82.1 2.5
Number of days of ra; ieeiaan 158 145.8 12.2
Depth of rainfall . ......cieeeeeeniiiiiiiiiiiieiiiiiiiinieiaaaas inches..| 25.235 23.974 1.259

These results substantiated the fact that in the mountainous regions
at Bodenbach a decrease in the pressure of the vapor, relative damp-
ness of the air, the number of days of rain, and the depth of rainfall
has taken place in the latter period of 22 years.

The annual decrease in the depth of rainfall amounted to 1352 =0.057
inch.

Mr. Plantamour, the director of the meteorological observatory at
Geneva, also has shown that a decrease of rainfall has taken place in
the Alps. ‘He found, namely, in the latter period of 14 years, from 1861
to 1874, in comparison with the preceding period of 20 years, on the St.
Bernard, at a height of 8,116.5 feet, an increase of temperature of 0.720
F., a decrease in rainfall of .008 inch, and in snowfail of about one-
half, i. e., from 32.8 to 15.93 feet. For (ieneva a comparison of the last
11 years with the preceding period of 35 years shows an increase in
temperature of 1.134° F., and a decrease in the rainfall of 3.3 inches,
and therefore an annual decrease of i =.3 inch. These changes, ac-
cording to the opinion of Plantamour, are due to the contraction or
decrease in the size of the glaciers which has been observed during the
last 12 years. o

Now, as we found in the preceding paragraph, in my reply to E, from
the decrease in the height of water stages, that there was an average
annual decrease in the depth of rainfallin the valley of the Rhine above
Basle during the period from 1839 to 1868 of .0456 and during the
period of 16 years from 1857 to 1872 of .2736//, the similarity of these
results, obtained from an entirely different source, to the decrease of
rainfall in the mountainous regions at Bodenbach and Geneva is sur-

* Qre.
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Several countries in Europe have, unfortunately however, only since
the last few years established meteorological stations in the forest and
mountain regions, and after the lapse of several decades it is highly
probable that they will show the same decrease in rainfall as at Boden-
bach and Geneva. .

) CONCLUSION.

As I now believe that I may assume that my theory in regard to the
decrease of water in springs and rivers, announced in 1873, has been
established as a fixed fact by my discussion, and then by the tabular
exhibit of observations at 56 stations on 13 rivers, and finally by the
abundant opinions and thorough treatises of naturalists and experts
given by me, I take the liberty of making the most earnest request of
my readers and colleagues that each may labor in his own sphere,
so that the higher governments, authorities, corporations, land-owners,
and communities may finally be convinced of the numberless disad-
vantages and dangers our present cultivated countries are approach-
ing, if a limit is not se: to the further devastation and destruec-
tion of forests, and that it is imperatively necessary to carry out, as
rapidly as possible, the precantions and measures recommended in my
treatise of 1873, and which have been also warmly approved by other
authorities, and thus prevent, as far as it yet liesin man’s field of labor.
the calamity of a still further decrease of the water in springs a,nd
rivers which threatens future generations.

Finally, 1 take the liberty of saying to my esteemed readers that I
am ready to furnish cheertully all the data and results which I have
collected, and all the books and pamphlets which have been published
bearing upon this subject, for the examination and use of all such gen-
tlemen who intend to still more thoroughly investigate this hydraulic
question. :

[Note by the trauslator.]

In making the foregoing translation, I have attempted to make it as
literal as possible, and yet make it fairly intelligible English reading.

I have used the word “raintall” to indicate that term of the author
which literally translated would be ¢aqueovs atmospheric precipita-
tions,” and which includes rain, snow, hail, dew, &ec.

I have also changed all the metric measures and centrigrades into
American measures and degrees of Falhrenheit.

G. WEITZEL,

Major of Engincers,
Brevet Major-General, U. 8. A.
4w
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