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Deforestation and Increased Flooding of the Upper Amazon 

In their report on deforestation and 
flooding in the upper Amazon basin, 
Gentry and Lopez-Parodi (I) draw a 
number of hydrologic conclusions that 
are not supported by their evidence. 

For example, by comparing the mean 
flood stage (2) for 1962 to 1969 with the 
mean for 1970 to 1978, they conclude 
that ". . . the runoff of water from upper 
Amazonia has increased during the last 
decade." This conclusion requires the 
assumptions that river stage correlates 
directly and consistently with river dis- 
charge, and that the peak stage is some 
index of runoff. The relation between 
water discharge and stage has never 
been established for the gage at Iquitos, 
and therefore neither assumption is sup- 
ported by data. Rivers with beds of fine 
sand where the bed configuration 
changes with time and discharge usually 
have unstable stage-discharge relations. 
Farther down the Amazon, frequent 
changes in the configuration of the sandy 
stream bed are at least partly responsible 
for the shifting relation between stage 

Table 1. Average annual flood stage for the 
Rio Negro at Manaus; S.D., standard devi- 
ation. 

Period Years N Mean S.D. 

1 1942-1956 15 28.06 0.74 
2 1957-1969 13 27.27 0.63 
3 1970-1980 11 28.42 0.92 

Record 1903-1980 78 27.69 1.17 

and discharge observed at obidos, Brazil 
(Fig. 1) (3). The bed of the Amazon at 
both 6bidos and Iquitos consists of high- 
ly mobile fine sand (4 ) ,  so the stage- 
discharge relation at Iquitos probably is 
no more stable than that at 6bidos. 

Stage-discharge relations also can 
change as a result of changes in channel 
cross section. For the Mississippi River 
at St. Louis, Belt (5)  has reported that 
the river stage at a discharge of 24,100 
m3/sec was 3 m higher during 1973 than it 
was during 1881. He attributed this 
change to the artificial constriction of the 
channel. The Amazon has not been sub- 
jected to artificial control, but the chan- 
nel thalweg at Iquitos has shifted appre- 
ciably during recent decades. Much of 
the flow of the Amazon has shifted from 
the far side of Padre Island to the side 
nearest Iquitos, the apex of the meander 
upon which Iquitos is located has slowly 
migrated downstream, and the impinging 
flows have accelerated erosion of the 
riverbank (6). The possibility that the 
stage-discharge relation was affected by 
the shifting thalweg and bank erosion 
should be considered. 

Gentry and Lopez-Parodi dismiss the 
possibility that the apparent increase in 
annual peak stages at Iquitos for 1970 to 
1978 is due to an increase in precipitation 
during the same period, even though all 
eight stations show higher average annu- 
al precipitation for 1970 to 1978 than for 
1961 to 1969. They draw their conclusion 
partly from the observation that 1978 

Year 

Fig. 1 (left). Relation between stage and dis- 
charge, Rio Amazonas at dbidos (3). Fig. 
2 (right). Peak stage of the Rio Negro at 
Manaus, 1942 to 1980 (3). 
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was a dry year, yet the peak stage was 
still relatively high. In this, they ignore 
carry-over storage from one year to the 

". . . increased during the last dec- 
ade." Consideration of the data from 
1942 through 1969, however, would lead 

water values should be similarly affect- 
ed; that the low-water values remain 
constant while high-water values in- 
crease suggests that greater runoff rather 
than changes in stage-discharge values is 
responsible for the recent flooding. Thus 

next; carry-over storage is characteristic 
of large drainage basins. Furthermore, 
the highest stage of the year should not 

to a different conclusion: that the period 
1957 through 1969 reflects a drought. 

C. F. NORDIN 
R. H. MEADE 

U.S.  Geological Survey, 
Denver. Colorado 80225 

be expected to correlate with the total we conclude that, for whatever reason, 
there has been increased flooding along 
the upper Amazon in the last decade. 

The second point of Nordin and 
Meade (I) is that precipitation patterns in 
Amazonia are so complex that firm con- 

annual precipitation or even with season- 
al or monthly point values as much as 
with the temporal and spatial distribution 
of precipitation over the drainage basin 
(7). The spatial distribution of rainfall is 

References and Notes 

1. A. H. Gentry and J. L6pez-Parodi, Science 210, 
1354 (1980). 

2. Gentry and L6pez-Parodi, as well as' others: 
report the river stage at Iquitos as depth. 
However, our own observations of the river 
gage at Iquitos, supported by information from 
Eduardo Garcia, manager of Lmea Amazonica 
S.A., convince us that the available records are 
of stage (elevation of the river surface above an 
arbitrary datum) rather than of depth (distance 
from river surface to riverbed). In this context, 
we also should point out that the low-water 
elevations that Gentry and L6pez-Parodi quoted 
from the ONERN report [reference 19 in ( I ) ]  for 
1962 to 1972 are not the lowest elevations for the 
years cited but the highest elevations during the 
months of lowest stage. The differences amount, 
for example, to errors of 1.8 m, 1.4 m, and 1.7 m 
for 1970, 1971, and 1972, respectively. We pre- 
sume that similar errors are present in the low- 
water elevations they cite for 1962 to 1969, but 
we have no independent data against which we 
can check our presumption. 

3. The data shown in Figs. 1 and 2 were provided 
by Flavio M. Costa Rodrigues, Hidrologia S.A., 
Rio de Janeiro. 

4. C. F. Nordin, Jr., R. H. Meade, W. F. Curtis, 
N. J. B6sio. P. M. B. Land~m. Nature (London) 

likely to be very important, considering 
the large differences in precipitation re- 
corded at stations only short distances 

clusions about the relation between river 
stage at Iquitos and precipitation in up- 
per Amazonia cannot be drawn. In our 

apart. Gentry and Lopez-Parodi report 
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Finally, we believe that the t-test 
should not be applied to these kinds of what extent the Iquitos peak-stage data 
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non," a long-term persistence not found 
in independent sequences (8). One mani- 
festation of persistence is a tendency for 
clustering of high values and of low 
values as observed in the Iquitos record. 
In geophysical time series, this sort of 
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persistence is the rule rather than the 
exception. Samples drawn in their order 
of occurrence are not independent, so a 

We feel that technicalities of how river 
stage is measured at Iquitos do not per- 

major assumption implicit in the t-test is 
violated. 

The peak-stage record for the Rio Ne- 

tain to our thesis for two reasons. First, 
although the Iquitos data set may be 
subject to hydrologic constraints im- 

gro at Manaus provides an excellent ex- posed by unstable stage-discharge rela- 
tions, the phenomenon of an increased 
flood crest in recent years is a wide- 

changes appear to be taking place in the 
Amazonian water balance. The poten- 
tially devastating hydrological effects of 

ample to compare with the Iquitos data. 
Records are available from 1903 through 
1980. The average flood stage for the 
period of record is 27.69 m. A segment of 
the record from 1942 through 1980 (Fig. 
2) shows three distinct "clusters," high 
stages from 1942 through 1956, low 
stages from 1957 through 1969, and high 
stages from 1970 through 1979. A statisti- 
cal summary of these data is shown in 
Table 1. Applying the t-test in the man- 
ner of Gentry and Lopez-Parodi, we find 

spread one, and not at all limited to the 
Iquitos area. Our attention was first 
called to the increase in high-water levels 

changing land-use patterns suggest that a 
thorough system of environmental moni- 
toring is in order. 

by the complaints of residents along the 
banks of the Amazon from as far down- 
river as the mouth of the Javari that the 
higher annual flood levels were forcing 
them to abandon their homes during high 
water for the first time in memory. These 
houses are built on stilts on raised river- 
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side alluvial terraces well above the in- 
fluence of shifting channels. Second, if 
changes in riverbed configuration are 

that the mean values between periods 1 
and 2 or 2 and 3 are significantly differ- 
ent. Examining only the data from 1957 
through 1980, one not familiar with the 
persistence of hydrologic records might 
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