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exce ptionally strong 1782-84 ENSO (Sce Wood, 1984, concerning the unusual year of 1783.).
The contents of Figure 1 and Table 4 provide verification for the relationship between the
ENSJand the Nile River years of flood deficiency., In fact. the years of 5, 5+, and V5 intensity
ENSC's in Table 4 agree to the 100% level.

5. EARLY NILE RIVER RECORDS

History of the Nile River dates back to about 5000 B.C, and the record of Nile levels
dates back to about 3000 to 3500 B.C. (Bell, 1970; 1971; Shahin, 1985}. An historical overview
covering nilometer development and information sources is provided in Quinn (in press).
Problematicaspects such as variations with timein flood levels attributableto sedimentation,
original source data in cubits and fingers, scales of measurement used, variations with time
in the minimal level required for irrigation (plenitude) in Egypt, use by the Mohammedan
chroniclers of the Mohammedan lunar calendar which rotates throughali months of the solar
year once in each cycle of about 33 of its years, and use of the skip year in the Mohammedan
calendar which is the 33rd year of a cycle when equated with a cycle of 32 solar years, are
discussed in Quinn {in press). Records on events (weak or excessive Nile flood years) as
reported by the different chroniclers, may often differ by a year in the older records due to
the recognition of different skip years. The following empirical formula which was obtained
from Albert Galloway, a professional numismatist, was found tobe very useful forconverting
the A.H. (anno Hegirae) dates of the Mohammedan era to A.D. dates:

A.H. date — (0 0303 x A _H. date) + 622 = A.D. date.
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6. YEARS WITH LOW NILE MAXIMUM LEVEL FLOODS A.D 622-1991

Table 5 was constructed after considering tabulated data and textual information
in Toussoun {1923) as modified by tabulated data, graphic plots, and corrections from
Popper (1951). Popper’s tables included data on the stronger developments from Ibn Taghri
Birdi, Ibn al-Hijazi and Iba Aibak. Table 5 lists the years of poor Nile floads, their degree of
weakness (1-3) and a confidence rating (1-5). For about the first 460 years, the smallest flood
deficiency level (1) was just below 16 cubits (cu), the original plenitude level [16 cu =
17.35 m above Muoditerrancan Sea Level at Alexandria in Toussoun’s (1925) data, whichisa
little below normal for the period]. For the other degrees of weakness (2-3), the reduction
valuos, based on 30-year averages for the annual Nile River maximum levels at Cairo, areas
indicated in Table 3. After A.D. 1080, the degrece of reduction, using the applicable 50-year
average, pertains to all degrees as it did for Table 4 data. Also, the confidence level (1-3) is
based on the number of sources of evidence [e.g., Toussoun, Popper, Popper’s Arab sources
(Ibn Taghri Birdi, Ibn al-Hijazi, Ibn Aibak}].

Table 5 shows a total of 179 weak Nile flood years with varying degrees of deficiency
(1-3);during this 901-year period (622-1522) the figures ontheaverage would indicatea weak
Nile flood occurrence about every 5 years. However, thedistribution of these weak Nile flood
years makes it difficult to relate them to ENSO events during periods of extended weakness.
Considering what we sce in Table 4 and between applicable parts of Table 1and Table 5, it
appears possible that those extended weak Nile flood periodsof4-7 yearsina row, thatoccur
inthe first part (bascd on the A.D. 622-999 record) of Table5, maybeassociated with2ormore
ENSOs, with one setting in at the onsct of the period and another 2 or 3 years later. There will
be further discussion of these extended periods of activity in the following section. Out of the
901-year record with 179 years of weak Nile floods, there were 97 in degree 1, 33 in degree
2,25 indegree 3, 13 in degree 4, and 11 in degree 5. Over the period A.D. 622-999 there were
105 years of weak Nile floods, occurring inapproximately 27 8% of the years. Over the period
A.D.1000-129C there were 24 years of weak Nile floods, occurring inabout 8.2% of the years.
For the period A.D. 1291-1522 there were 30 years of weak Nile floods, occurring in about
21.6% of the years. There were several cases of extended records during the earliest period
but none in the ather 2 periods of Table 5, It was now essential to tie in these eartier findings
with the later records on the Nile; and although there were scveral breaks in the record
between 1523 and 1823, it was possible to construct Table 6, despite breaks in the record,
through the use of diagnostic interpretation as applied to data and anccdotal information
obtained from Walford (1879), Lyons {1906), Toussoun (1923), Jarvis (1935), Hurst (1957),
Popper (1951}, Bell (1971), Shahin (1983), Le Comte (1980-1991), and many other authorities,

The available information for the years A.D. 622-19%1 is broken down into 5 periods
for considering the occurrence of those years with weak Nile River flood maximums, as
shown in Table 7. Over the period 1323-1899 weak Nile floods occurred about 28.1% of the
years. Also, several cases of extended weak Nile floods occurred over this period. During the
recent period 1900-1991 weak Nile floods occurred about 29.3% of the years, but there were
no periods of extended activity. Over the period 1525-1991 about 80.3% of the ENSOs were
accompanied by weak Nile floods.
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Table 5 ~ Years (Y15}, over the period A.D, 622-1522, with weak Nile floods (those below plenitude
and/or specified average annual maximum flood levels) at Caire, rated by degree (Deg) of
deficiency (1-5) as noted in Table 3, with confidence (Cenf) ratings based on the number of
confirmation sources. (Sce text for details.)

Yrs Deg Conf  Yrs Deg Conf Yrs Deg Conf Yrs Deg Conf
829 4 2 759 1 2 823 1 2 1 1 1
M2 1 1
632 2 2 761 1 5 &0 4 5
I 1 2 w5 1 g
642 2 2 763 1 2 &2 3 5 Pt 1 5
764 2 2 833 2 z M7 1 5
&Q 5 3 765 1 2 84 1 2 M8 3 5
MG 3 4
&2 1 4 767 1 2 06 1 2 S50 1 3
57 2 2 %1 1 3
678 1 2 769 2 2
770 2 2 841 4 5 963 1 2
653 1 2 71 1 2 a2 5 4 964 2 2
72 1 2 9635 1 2
687 3 2 773 1 2 87 1 2 966 3 2
658 4 5 &8 2 2 967 5+ 5
&89 3 5 775 2 2
850 1 2 977 1 2
el 1 4 e 1 2 £51 3 2
780 1 2 852 1 5 91 2 3
w93 3 ] 781 1 2 582 2 5
“ad 5 5 782 3 5 860 1 2
w95 3 3 539 1 2
6 4 3 785 1 2 B31 3 4
956 1 2
2 3 5 T88 1 5 235 1 2
783 1 b 6 3 5
s 4 5 887 1 3 1008 4 5
91 2 2 838 1 5
13 4 5 92 1 2z 05 3 5
854 1 2
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817 2 2 uz 1 2
756 2 5 218 1 2 a9 2 2
a1 2
1144 5 2 1313 1 3 1385 2 3 1459 1 3
115 4 5 i3 1 3 1389 3 3 1461 2 3
1462 1 3
1200 5+ 5 132%6 1 3 1393 2 3
1201 1 2 13%4 2 3 1356 1 2
1202 1 2 1334 1 3
135¢ 1 3 1468 1 2
1210 3 4 1357 1 3
1338 1 3 1401 2 3 1414 2 2
1219 3 4 1402 1
1340 1 3 1403 4 4 1484 1 2
1230 5 3
1231 1 2 1348 i 2 1408 3 4 1490 1 2
1234 1 2 1350 1 2 1418 1 2 1452 1 ]
1351 1 2
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r 120 & 4 1420 1 3 1497 3 3
! 1362 1 2
10 1 2 1424 2 3 1504 1 2
| 1369 ! 2
|1 23 rl 70 1 2 1427 3 3 1519 1 1
191 2 1373 2 3 1433 2 3 158 2 3
8 2 2
1330 1 2 1449 1 3 1520 1 2
- R 3 1450 5 4
1451 1 3

Table 6 - Yoars [Yrs} with deficient annual maximum Nile River heights at Cairo/deficient July-
October Discharge levels inta the Nile River system of Blue Nile and Atbara River water,
resulting from deficient summer monsoon rainfall over the highlands of Ethiopia during the
period 1523-1991; and ratings by degree (Deg) of deficienty (1-5) as noted in Table 3, with
confidence (Conf) ratings (1-5) based on the number of confirmation sources.

¥rs  Deg. Conf Yrs  Deg. Conf Y Deg. Conl. Yrs Deg. Conf
1525 1 2 1650 5 3 1762 2 2 1832 1 1
1833 4 a
is31 2 1655 1 1 1765 3 2
1766 4 13 1835 4 2
‘5510 2 2 %61 3 2 1836 1 3
1540 2 6 \ . 1769 1 2 1837 . s
il
1544 3 2 1772 3 2 1323 2 2
1583 1 1 7 2 1839 3 2
1553 5 2
1687 1 1 1776 2 2 1844 1 2
1359 4 1 ; 1845 3 2
1654 5 2 1782 4 4
1567 3 1635 2 1 1783 5 4 1850 2 2
. 7% 3 3
1578 3 2 &7 1 2 1852 2 2
1785 3 3 .
1582 1 2 w3 1 2 1455 3 3
5 1790 1 3
1589 2 2 1769 1 2 1791 3 r 1857 1 2
P 1792 3 1 1858 2 3
159 1 2 1m3 2 3 1% 3 3 1859 3 2
00 1713 1 2
1 4 2 s ) %_7;3? 3 ; 1864 4 4
1715 2
1604 4 2 17 5 2 179 2 3 1867 1 2
1607 197 2 3 1868 4 1
B2 1728 2 s oz 2 1573 2
3
1614 2 123 2 3
1618 13 3 2 1877 4 4
2 2 1725 3 2
1621 1906 2 2 1881 1 2
3 2 L o2 2 107 2 2 1882 2 2
1624 2 17 1 2 18z ! 2 %ggg i' 1
160 4 2 77 2 3 1814 1 2 2
181 3 2 1883 4 3
1635 1744 1 1 1824 4 2
2z 1825 4 3 1897 1 3
1640 1748 1 2
i ¢ 3 828 2 2 1899 5 4
5 3 1754 1 1 1830 N 2 1952 2 4
{gg} 1 1 1758 3 2 1972 5 2
1 3 1925 23 1951 2 3 1973 2 2
1907 1952 1 2
2 2 1930 1 3 1980 1 2
912 1957 2 3
1 3 1939 2 4 1982 3 2
1913 5 a 10 2 4 }3&5‘- g % 1937 2
Sl o34 968 2 2 1991 :
1 2 2
1918 4 133 1 2 %6 2 2
1342 1 2
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7. DISCUSSION
All available informatien and data have been carcfully reevaluated and coordinated
priar to entry into the various tables of this report. In addition to the sources referred to here
and in prior workon this subject, the highindex (anti-ENSO) features, that occurred between
the 7th century and the present, were referred to as a further control on the ENSO event
occurrences. In the studies of various portions of the record from 1323 up to the prosent, it
was noted that about 80-81% of the ENSOs were accompanied by years with low Nile
maximum levels However, this percentage of agreement increased for ENSO events in the
5, 5+, and VS categories. Information of this nature can be useful when relating event
occurrence dates of this historical sequence to those estimated in the various proxy records.
Based on the contents of Tables 1 and 5 there is a continuous record of low SOl-related
climatic activity available for A.D.622-1992. Considering the degree 5 Nile reductions (prior
to 1523)/very strong ENSO activity {1523-1992), the ycars of extreme low SOl-related
climatic conditions would appeartobe A.D. 630,689, 694, 842,903,967, 1096, 1144, 1200, 1230,
1450, 1661, 1694-95, 1782-84, 1791-93, 1844-45, 1877-78, 1899-M 1900, 1940-41, and 1982-M83.

[ have often been queried about using rainfall data to quantify the nver data over
no:r-heast Africa. Onemust realize thatit would take several thousand rainfalland evaporation
sta:.ons to attempt to provide the excellently intograted data available through the river
dis-harge systoms.

I agree with Popper (1951) on his views concerning the sedimentary buildup of the
Nile River bottom. There appeared to be very little buildup over the first 4 centuries. [t is
exy 2cted that average rainfall was Iess over this carly cool period. And, of course, a cooler
atrosphere would contain loss precipitable water. Itis expected that the rainfall amount was
a li .le higher and less variable, in general, during the Little Climatic Optimum.

The extended periods of low Nile flood also appear to be a feature of the cooler ages.
The 7-ycar period of plenty and 7-year period of famine, as referenced in the Bible no longer
appears unusual when reviewing these long records. In fact, the low Nile flood period of
17%0-1797 can be verificd by 3 sceparate sots of data, Lyons (1906), Toussoun {1925), and
Popper (1951). This extended weak Nile flood condition has been studied in more detail.
Since the Ethiopian highlands are at the westernmost periphery of the summer monsocon
system, a significant lag in the shifts in location, depth, and arcal extent of the equatorial low
fromits low index (ENSO) phase position in the cast over ta its high index (anti-EN5Q) phase
position to the west could very well lead to an extension of the associated weak Nile flood
{low summer monscon rainfall over the Ethiopian highlands) condition; and, this in
conjunction with successive ENSO’s could bring about extended low Nile flood periodssuch
as we see in 1790-1797.

A.D. 1525-1899, which would, in general, be considered the Little [ce Age (LIA),
shows frequent occurrences of weak Nile Hoods and also shows several extended periods of
weak Nile floods (Table 7); whereas, A.D. 1000-1290 which would beconsidered to represent
the Little Climatic Optimum (LCO) shows a very low pereentage of weak Nile floods and no
extended periods for such floods. A.D. 1231-1522 was considered to be an interim period
between the LCO and LIA. Based on the above findings it would appear that activity over
A.D.622-999 would be more representative of a cool period, This would bein agreement with
Macjima & Tagami (1986) who noted a cool age during the 7th-9th centuries in Japan.
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Morecover, the findings here would 1ndicate that Joseph lived during a coel period (prior to
and after 1700 B.C.), with his 7 years of famine setting in about 1708 B.C. (Walford, 1879;
Biswas, 1570; Encyclopacdia Judaica, 1971).

Increasing SSTs, along with decreasing sea level atmospheric pressure were noted
overthe southeast Pacific in Quinn (1979). Thetemperaturc increases since mid-1976 over the
tropics and fower subtropics were further discussed in Quinn & Neal(1984) and the extended
effects can be seen in the generaily lowered SOI values of Figure 2. Over the period April
1976-March 1988 the 5Ol anomalies averaged out to 1.5 mb below the mean. All other
pressure indices showed a similar drop over this 12-yr period. It is interesting that one ofthe
strongest recorded ENSOs (1982-1583) occurred in the midst of this significantly below-
normal SOI period (Quinn & Zopf, 1984). Also, when we came out of that 12-yr period of
below average SOls, the plot moved up rapidly into the high SO feature of 1988 (Fig. 2)and
this was accompanied by a period of extremely heavy rainfall and flooding in the western
sector of the 50. Le Comte (1989) reported that:

«Hcavy rainfallin the Blue Nile's catchment basin in the Ethiopian highlands during
late July and early August contributed to major floeding along the Nile in Sudan.»

An Egyptian newspaper al-Ahram in its 13 August 1988 cdition stated that the two
Nile tributarics the day before spilled across a region south of Khartoum «untilonly trectops
remained visible.» This was the first such period of flooding rains over this region in more
than a decade. Since mid-1989 it appears that we have slipped back into the generally below
normal index mode, and this continued indication of increased sea temperatures forewarns
us of serious marine ecological consequences that may continue to arise in the global coastal
zongcs of the tropics and lower subtropics. Over the past 12 years many of the global coral reef
regions have been serfously threatened (Bunkley-Williams and Williams, Jr,, 1990); and, in
particular, the very strong 1982-1983 ENSO was disastrous to several coral reefareas (Glynn,
1960).

One of the interosting findings from this study is the fact that the large-scale ENSO
developments often show up many months carlier in the regional features on the western
sideof the «see-saww than they do on the castern side. This was of course very clearly shown
in the case of the very strong 1982-1983 ENSO.

Based on this study, it appears that the LCO and LIA may have caused some
significant changes in the 5O-rclated activity. In Quinnand Neal (1592} it was noted that the
L1Acaused anincreaseinthelength and strength of subtropical Chilean droughtsduring the
17th, 18th, and early 19th centuries. In fact, during the peak drought period, 1770-1814, there
was only one EN30 strong enough to bring about an above normal subtropical Chilean
rainfall; this was the very strong ENSOQ of 1782-1784 that caused the heavy Chilean rainfall
and floods of 1783 (1783 was a very unusual year for atmospheric phenomena, as reported
by C.A. Wood in the24 June 1984 EOS. The Laki volcanic eruption occurred in [celand in 1783
along with other unusual phenomena.). [ kave often been questioned concerning the effects
of volcanic ecruptions on ENSOs and whether the El Chichon eruptioncaused theonset of the
very strong 1982-1983 El Niflo. As pointed out in Quinn & Neal (1983b) E! Chichon occurred
in April 1982, and by that rime several of the ENSO-related developments were alrcady
underway, particularly those on the western side of the «see-saw.» In looking over past
records [ find as many or more cascs where strong ENSO activaty led voleanic activaty. For
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Table 7 - The years A.D. 622-1991 are broken inte 5 periods for considering the occurrence of
weak Nile River floods (WINRFs): 622-399, a relatively cool period; 1000-1290Q, representing the
Little Climatic Optimum (LCO); 1291-1522, considered to be an interim period between the LCO
and Little lee Age {LIA}; 1523-1899, representing the LIA, and 1900-1991, covering the recent
period. The number of WINRFs by degree {as specified in Table §) and total number are listed for
each period, as are cases where extended (4 or more years in a row) of WNRFEs occurred.

Pencd Fearure Number of WNRES by degree Total Cases where WINRIS
aumber occur 4 of more years
in a row
1 2 3 4 5
622-959 Cool penod 35 20 15 9 é 105 693-656, 761-
765, 769-773, TI-782,
M5-951, 963-067
1000-1290 LCO 10 2 5 3 4 ] None
1911522 Interim period 32 1 5 1 50 None
1523-739¢ LIA k] reg 21 16 8 106 17131716, 1782-1785,
1750-1797, 1835-1839,
19001591 Recent penied ™ 8 13 4 0 2 z None

exam;-ie there was no ENSO in 1815 or 1816 following the larger 1815 Tambora eruption,
although there was a strong El Nifio in 1814. However, after thinking about the reports of
years without a summer over the New England states in 1816 and 1884 following the large
Tambora and Krakatoa cruptions, | began to realize that when the two types of event occur
near the same time, it might be the simultancous occurrence of atmospheric warming over
the tropical Pacific due to the ENSO and the cooling in higher latitudes as the optical depth
of volzanic acrosols increased there, that caused the extreme weather activity of 1982-1983,
I'had checked with Dr. Kirby Hanson (then at ERL NOAA) and he reported that there were
high turbidities in the polar atmosphere in spring 1983 and that it could also be assumed to
be high there in the winter of 1982-1983. As an analogue, there was the great volcanic
explosion of Krakatoa in August 1883 and the ENSO that sct in carly 1884; and it wasin early
1884 that wehad extremely heavy rainfall over the southwestern U.S. In fact, Los Angelesand
San Diego received their greatest rainfalls in 1884,

For climatic trends Table 7 may be quite uscful. Lamb (1977) indicates a warm dry
time around 300 to 400 A.D. and a colder climate phasc between A.D. 500 and 900 in Europe.
The latter information like that from the Japancse (Macjima & Tagami, 1986) would tie in
closcly with our findings for East Africa, This study indicates that the most disastrous Nile
floed failurcoccurred in A.D. 1200, and itisquitelikcly that the related large-scale ENSO was
similarly unusual and may have caused the cxeeptionally strong El Nifio that led to the
cataclysmic «Chimu flood» in coastal Peru, which was reparted in Nials ef al. (1979).

The deficient summer monsoon rainfall over the highlands of Ethiopia and the El
Nifio along the coast of southwest Ecuador and northwest Peru are at opposite ends of the
«see-saw» of ocean-atmosphere corditions, yet they are both integral features of the large-
scale ENSO. However, as indicated by Criffiths (1972), the summer monsoon rainfall is
primarily affected by the development and location of the equatorial low core of the SO;
whercas, the winds, currents, S5T conditions, coastal sca levels and weather conditions over
the eastern tropical Pacific side of the ENSO depend greatly on the cha nges that take place
in the southeast Pacific subtropical high.
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Much more study is required to determine the cause of the significant differences
between the SO-related climatic activity (as indicated herein) for the cool periods and the
Little Climatic Optimum,
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