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Outline

• Analysis of daily circulation 
types and rainfall states for the 
March–May season, over the 
Midwest US

• Connection between weather 
types and basin-scale 10-year 
flood events

• Connection between weather 
types and low-frequency 
modes: any potential 
predictability?



Composite anomalies 1-day prior
to 20 extreme flooding events in the 20th Century

1000–600mb Moisture Flux
& Divergence 

Moisture transports and extreme floods during spring over the Ohio Valley

For extreme floods, it is hypothesized that large-scale climate dynamics associated with 

oceanic moisture sources and organized transport are key factors, and that a better understanding 

of these mechanisms may lead to improved prediction of flood risk on climate time scales. Here,  

we analyze daily river discharge data from the Hydro-Climatic Data Network over the Ohio 

valley, extended with U.S. Geological Survey (USGS) streamflow data, to identify “extreme” 

floods, with annual exceedance probability of less than 0.1 during the March–May season. 

Composites of synoptic fields for 20 flood events (see figure) show sustained movement of low-

level moisture and warmth around 

semi-stationary strong pressure 

systems from sources over the Gulf of 

Mexico and eastern Atlantic Ocean, 

together with widespread upward 

motion in the region. Lead times on 

those features begin as early as nine 

days before a 10-yr flooding event, 

with stronger features emerging 

five days before. The persistence 

and large-scale organization of 

these circulation features raises the 

possibility for an improved understanding of extreme floods as a function of large scale modes of 

climate variability and change. 

Figure: Composite anomalies 1 day prior to flood peak of  
(a) 1000–700hPa moisture flux (arrows) and divergence 
(contours), and (b) 850hPa temperature (colors) and mean 
sea level pressure (contours).

(a)

(b)

SLP & 850mb Temperature

1900 1920 1940 1960 1980 2000

1

2

Year (March 1 −− May 31)

Number
 of Extre

me Floo
ds

Ohio Extreme Flood Series 1901−2010

Nakamura et al. (GRL, submitted)



Hidden Markov Model fit to CPC Unified Precip,  
MAM 1979-2005, [88W-84W, 36-40N]

hmm learn independent delta-exponential

©

cycle: 1->2->4->6->5->1

Rainfall Amounts, by State

State 1 State 2 State 3

State 4 State 5 State 6

1 2 3 4 5 6
1 27 48 12 10 2 1
2 5 33 16 35 2 9
3 11 11 33 6 13 26
4 10 3 7 30 15 34
5 49 11 5 10 20 5
6 6 1 4 4 30 56
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Composites of 700mb geopotential anomalies for 
each HMM rainfall state
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A broader perspective: Cluster analysis of 700-mb 
geopotential height fields 

• NNRP1 700-mb geopotential 
height fields 
[30-50N, 105W-75W]

•  March–May season, 
1961–2011

• K-means analysis
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700mb Geopotential Height Anomalies

C.I. = 20 gpm
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With vertically-integrated moisture flux anomaly 
composites superimposed

C.I. = 20 gpm
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Z-500 anomaly composites

C.I. = 50 gpm
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Circulation type transition matrix

1 2 3 4 5 6
1 53 10 0 13 14 10
2 3 60 16 0 12 9
3 1 12 78 1 7 1
4 15 0 0 63 13 8
5 4 15 9 4 59 8
6 15 16 0 11 8 51
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Potential vorticity anomalies on 315k isentrope
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1. Interannual modulation of circulation type 
frequency?
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2. Role of intraseasonal oscillations in extreme 
flooding events?
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Moisture transports and extreme floods during spring over the Ohio Valley

For extreme floods, it is hypothesized that large-scale climate dynamics associated with 

oceanic moisture sources and organized transport are key factors, and that a better understanding 

of these mechanisms may lead to improved prediction of flood risk on climate time scales. Here,  

we analyze daily river discharge data from the Hydro-Climatic Data Network over the Ohio 

valley, extended with U.S. Geological Survey (USGS) streamflow data, to identify “extreme” 

floods, with annual exceedance probability of less than 0.1 during the March–May season. 

Composites of synoptic fields for 20 flood events (see figure) show sustained movement of low-

level moisture and warmth around 

semi-stationary strong pressure 

systems from sources over the Gulf of 

Mexico and eastern Atlantic Ocean, 

together with widespread upward 

motion in the region. Lead times on 

those features begin as early as nine 

days before a 10-yr flooding event, 

with stronger features emerging 

five days before. The persistence 

and large-scale organization of 

these circulation features raises the 

possibility for an improved understanding of extreme floods as a function of large scale modes of 

climate variability and change. 

Figure: Composite anomalies 1 day prior to flood peak of  
(a) 1000–700hPa moisture flux (arrows) and divergence 
(contours), and (b) 850hPa temperature (colors) and mean 
sea level pressure (contours).
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FIG. 5. Composite anomalies of Z700 maps from the IS time series, keyed to the 20–30-day signal
of the Rockies mountain torque: (a) 23 day lag, (b) 0-day lag, (c) 3-day lag, and (d) 6-day lag. Same
procedure, conventions, and parameters as in Fig. 5 of Part I.

FIG. 6. Composites of different terms in the AAM budget during
the composite cycle illustrated in Fig. 5: IS Rockies torque (black
solid), integral of IS Rockies torque (gray solid), and global IS M
(gray dashed). Same conventions and parameters as in Fig. 6 of Part I.

Rockies has increased in size and intensity and moved
58 northward. By this time, the downstream wave train
has increased in amplitude, while the anticyclonic
anomaly over Alaska has weakened and contracted con-

siderably; the composite essentially reproduces the di-
pole pattern associated with a strong Rockies torque in
Fig. 2a. As time increases further, the cyclonic pattern
located upstream of the Rockies starts to spread and
move northwestward (Fig. 5c). It is at this time that the
composite exhibits the largest correlation with PAC
EOF-3 in Fig. 3b. The cyclonic pattern becomes cen-
tered near the Alaskan peninsula at 6-day lag, which is
in approximate quadrature with the Rockies torque (Fig.
5d).
The evolution of the AAM budget, as keyed to the

to 20–30-day Rockies torque, is displayed in Fig. 6. At
23 day lag, the AAM (gray dashed line in Fig. 6) is
near 0. This indicates that the positive AAM associated
with the southern flank of the cyclonic pattern located
upstream of the Rockies in Fig. 5a is balanced by the
negative AAM associated with the anticyclone centered
over the northern Central Pacific. At 0-day lag, the cy-
clonic pattern amplifies, while the anticyclonic one de-
cays, and the AAM becomes positive. Note that, because
of earth’s sphericity, cyclonic anomaly patterns in mid-
latitudes make a positive contribution to AAM, while
the contribution of anticyclonic anomalies is negative.

Composite anomalies of Z700 maps keyed to 
20–30-day signal in Rockies mountain torque

–3 day 0 day

+3 day +6 day Lott et al. (1995)



April 2011 event

Surface-600 mb Moisture Flux and Convergence
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Conclusions

• Extreme flood dates are associated with dipolar geopotential height 
anomalies with nodal line near 70–80W

• HMM rainfall states show this is associated with synoptic wave propagation
• Circulation types show that 10-day build-up to flood dates are associated 

with two patterns: (1) the synoptic dipole, (2) a deep trough over E Canada
‣ Both patterns occur preferentially during La Niña

• Flood events appear to be associated with intraseasonal oscillations, with 
significant spectral peaks near 14, 25 and 41 days


