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SATELLITE OBSERVED MESOSCALE CONVECTIVE SYSTEM (MCS) PROPAGATION 
CHARACTERISTICS AND A 3-12 HOUR HEAVY PRECIPITATION FORECAST INDEX

Jiang ShiSatellite Meteorological Center Beijing, People's Republic of China
and

Roderick A. Scofield Satellite Applications Laboratory Washington, DC

ABSTRACT. One of the greatest challenges of an operational meteorologist is predicting the direction and speed of movement of Mesoscale Convective Systems (MCS). In most cases, propagation is the controlling influence on the movement of MCSs. The type of propagation (backward or forward) often determines the amount of rainfall that occurs from a MCS. This memorandum briefly discusses previous concepts on thunderstorm propagation. Discussion and pertinent examples of MCS propagation characteristics observed in the GOES satellite imagery are presented. Two types of satellite propagation characteristics are identified. A short range forecasting technique for expected storm propagation is described. Finally, a preliminary 3-12 hour heavy precipitation forecast index for MCSs is presented.
I. INTRODUCTION

Convective systems observed in the satellite imagery often have unique cloud patterns and/or cloud top temperature characteristics. As a result, satellite observed convective cloud categories associated with heavy precipita­tion, have been identified and discussed in previous papers (see Scofield, 1985 and Fleming and Spayd, 1986). Those categories are displayed in Figures la and lb; spatial and temporal scales are provided in Figure lc. The emphasis in this paper is on cold-topped (colder than -62°C) Mesoscale Convective Systems (MCS). Synoptic-scale tropical, Mesoscale Convective Complex (MCC) (Maddox, 1980), multi-clustered linear and multi-clustered circular systems, shown in Figure la are examples of MCSs.
One of the greatest challenges of an operational meteorologist is pre­dicting when a MCS will become quasi-stationary or even move backward. These peculiar behaviors often result in flash floods. The controlling influence on the movement and speed of MCSs is the propagation effect. Since there is a relationship between storm propagation and rainfall amount, research on MCS propagation is extremely important. This paper will show that storm propagation observed in the 30 minute interval GOES satellite imagery is somewhat different from the propagation discussed by Chappell (1985), Doswell (1985), Merritt and Fritsch (1984) and others.
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SCALES OF SATELLITE-OBSERVED HEAVY CONVECTIVE RAINFALL SYSTEMS
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Figure lc. Scales of satellite-observed heavy convective rainfall systems.

4



CELL MOTION

MATURING CELL 
(NEWEST)

NEW UPDRAFTS 
_(NO RADAR ECHOES)

/ / precipitati6n

I I DESCENDING 
I FROM PREVIOUS

I! cfLL.

WEAK ECHO 
REGION

UPDRAFT BASE
(FLANKING LINE)

Figure 2. A schematic of thunderstorm propagation with cells, forming onthe left and moving from left to right, creating a multicell thun­derstorm complex. Dashed lines represent radar reflections of 10,30 and 50 dBZ (from Doswell, 1985).
II. REVIEW OF CONVENTIONAL THUNDERSTORM PROPAGATION CONCEPTS

Propagation refers to the movement of thunderstorms as a result of preferred new cell development on one flank (usually on the right or right rear) of the updraft. Propagation occurs because of the storm's interactions with an environment possessing potential buoyant energy and moisture convergence. Propagation results in new convective cells being formed on the flank of the storm and accreting (growing by being added to) to the periphery of the storm; this produces either a continuous or discrete movement of the most active part of the storm.
Doswell's (1985) schematic model of storm propagation is shown in Figure 2. In this schematic, new cells develop and grow taller as they approach andfinally merge with the maturing cell. These new merging cells eventually becomethe dominant cells of the MCS. Chappell (1985) asserts that the youngertowering cumulus do not have precipitation. Eventually, precipitation forms inthe updraft and is held aloft temporarily while the cell matures. Finally, themature cell unloads the precipitation as a heavy gush or burst of rain.
The orientation of the propagation can be approximated by assessing which storm flank intercepts moist, low level, conditionally unstable air (Merritt and Fritsch, 1984). The magnitude of the propagation depends on the rate at which new cells form, the separation distance between the newly developed cell and the existing storm and the rate at which the new cell enlarges and accretes to the storm boundary. New cells would be expected to form along a particular segment of a frontal boundary (or outflow boundary). That segment (see Figure 3) may be identified by the juxtaposition of the low level thermal axis, the low level jet, the moist tongue and the higher gradient of instability (Chappell, 1985 and Scofield and Jiang, 1987).
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Figure 3. Meteorological conditions that can lead to the formation of afrontal-type, quasi-stationary convective rainstorm (from Chappell, 1985).

There are two types of conventional thunderstorm propagations.
1. Continuous Propagation (Browning, 1964)

In this type of propagation, newly formed cells and their associated updrafts continuously feed the main updraft of the existing storm, rather than providing for the growth of new cells. As a result, these storms propagate con­tinuously.
2. Discrete Propagation (Newton and Newton, 1959)

This type of propagation involves the development of new cells produced from enhanced convergence in the boundary layer; downdrafts from the main storm 
create the enhanced convergence. New cells typically form 4-10 km away from the main storm and then merge with the main storm; the mergers usually produce an increase in the storm area. Discrete propagation occurs in a series of 
separate steps; each step is associated with new cell formation (Newton and Fankhauser, 1975). Discrete propagation can significantly effect storm motion, usually causing the storm complex to move to the right of individual cells.The individual cells are observed to move with the mean wind in the convective layer (Brooks, 1946, Wilhelmson and Chen, 1982, Newton and Newton, 1959 and others).
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Generally conventional propagation (continuous and discrete) is best detected by high spatial and time resolution radar. An example of discrete pro­pagation in the radar pictures is shown in Figures 4a, 4b, and 4c (Chappell,1986). In the radar imagery, thunderstorm cells develop back to the west (backward propagation) where very unstable air is overrunning a stationary front and cool dome left from previous thunderstorm activity. This backward pro­pagation produces a rapid generation of new storms that continue for several hours on the west flank of the MCS; flash flooding occurs as storms move repeatedly over the same region.
III. MCS PROPAGATION CHARACTERISTICS IN 30 MINUTE INTERVAL SATELLITE IMAGERY

Some types of propagation observed in the satellite imagery are associated with heavy rain producing MCSs. However, MCS propagation in the satellite imagery cannot be discerned as meticulously as in the higher resolution (both space and time) radar data. Nevertheless, towering cumulus, outflow boundaries and other features important to propagation dynamics are readily observable in the satellite imagery but are not detectable in the radar data.
Satellite-observed storm propagation refers to the translation of the most convective portion or periphery of the MCSs due to the formation and development of regenerative cells. Satellite-observed storm propagation has one or more of the following characteristics:
(1) Newly formed cells appear to continuously feed the main MCS; this is similar to the conventional type of continuous propagation.
(2) A series of regenerating cells form and grow near the periphery of the main MCS and finally merge with the MCS; this is similar to the conventional type of discrete propagation.

and
(3) Two or more independent MCSs merge together forming an intense area of convection; this occurs when one MCS exhibits forward propagation and the other MCS propagates backwards resulting in a merger of the two systems.
Though there are similarities, propagation determined from satellite pic­tures is different from the conventional and radar propagation discussed in Section II. Analysis of 36 events indicates that two types of MCS satellite propagation characteristics are observed.

TYPE I: CONTINUOUS PROPAGATION
TYPE II: BOUNDED PROPAGATION

All propagation events deviated from the mean wind direction. The continuous type of conventional propagation belongs to the satellite Type I. In some discrete types of conventional propagations, the new convective systems deve­loped near the periphery of the main MCS; a merger then occurs between these two systems. The merger happens so quickly (in less than 30 minutes) that the
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Figure 5. An example of a continuous MCS propagation (Type I); also classified as a right mover or forward propagating MCS. VIS imagery (2330 GMT) June 10, 1985 and enhanced IR imagery (MB Curve), June 11, 1985.

periphery of the storm appears to move continuously in the satellite pictures. Therefore, this kind of discrete propagation belongs to Type I. Type I propaga­tion is often best detected by radar data and high resolution visible (VIS) satellite imagery - an example of a continuous propagating storm is shown in Figure 5; this storm would be classified as a right mover or forward propagating 
storm. Right mover (or left mover) refers to the deviation of the storm's movement from the mean tropospheric wind. Forward propagating storms are ones that have an eastward component (NE, E or SE) of movement; backward propagation 
refers to a westward (NW, W or SW) component of movement.

Type II occurs when the periphery of the storm in the satellite picture is clearly bounded (separated) from any other convective system. In this situation, 
the main MCS merges with another, much smaller and separate convective system. Often these smaller convective systems (sometimes towering cumuli) have been "triggered" by an outflow boundary produced earlier by the main MCS. The outflow boundary can be 20 km or more from the main MCS. An example of a

11
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Figure 6. An example of a bounded MCS propagation (Type II); also classified as an opposite (back) mover or backward propagating MCS. Enhanced IR imagery (MB Curve), August 4, 1985.
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Figure 7. An example of a bounded MCS propagationg (Type II); the merger oftwo independent MCSs. Enhanced IR imagery (MB Curve), July 9, 1986.
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Figure 8a. A forward propagating MCS; enhanced IR imagery (MB Curve), June 19, 
1986.

bounded propagation is depicted in Figure 6; this storm is propagating backwards to the southwest. An example of a bounded propagation characterized by the merger of two or more independent MCSs is shown in Figure 7. The MCS over southwestern Iowa produced 4 to 8 inches of rain and flash floods. Sometimes negative hourly surface pressure tendencies occur between two MCSs that are going to merge; positive tendencies are observed between MCSs that do not merge. In some cases bounded propagation (Type II) is quite similar to continuous propagation (Type I). This similarity occurs because newly formed cells can develop close to the main MCS (10 to 20 km) and then merge quite rapidly with the main MCS.
Forward or backward moving MCSs can be either Type I or Type II propaga­tions. However, backward movers appear to be more frequently associated with Type IIs. The relationships between conventional and satellite propagation are summarized in Table 1.
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Figure 8b. Surface and upper air features for June 19, 1981, 1200 GMT; Ts50 indicates 850 mb temperatures in that area and V5Q0 locates either a 500 mb maximum vorticity center (X) or a minimum vorticity center Vorticity values are indicated in 10"^ sec-*. LSfc locates a sur­
face low pressure area.
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IV. AN EXAMPLE OF A FORWARD AND BACKWARD PROPAGATION MCS 
Forward Propagating MCS (June 19, 1986)
An example of a forward propagating MCS is shown in Figures 8a. Important surface and upper air features are shown in Figure 8b. As the MCS moves south­eastward, colder tops (1100 and 1200 GMT) are observed in the southeastern portion of the system; this feature is typical of forward propagating systems. In addition to the rapid forward (southeast) propagation of the MCS from northern Wisconsin to central Michigan, other features noted are an east-west quasi­stationary front from northern Michigan to Wyoming (not analyzed in Figure 8b), a 850 mb flow maintaining unstable air to the leading edge of the MCS, a positive vorticity advection (PVA) center, northwest-southeast thickness isopleths with a moderate gradient and a strong upper level flow pattern. Observed rainfall with this MCS ranged from 1-2 inches; there were isolated maxima of 3 to 4 inches.Many instances of "straight line" wind damage were reported.
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Figure 9a. A backward propagating MCS; enhanced IR imagery (MB Curve), 
June 25, 1981.
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Figure 9b. Surface and upper air features for June 25, 1981, 0000 GMT; Tq50indicates 850 mb temperatures in that area and V500 locates either a 500 mb maximum vorticity center (X) or a minimum vorticity center (N). Vorticity values are indicated in 10-5 sec-*. LSfc locates a sur­
face low pressure area.

Backward Propagating MCS (June 25, 1981)
An example of a backward propagating and regenerating MCS is shown in Figures 9a. Accompanying surface and upper air features are shown in Figure 9b.

In the imagery, the MCS appears to propagate westward (backward) along a outflow boundary in northern Missouri; the boundary is easier to identify in the late afternoon and evening VIS pictures on the 24th. Other features observed are: anortheast-southwest quasi-stationary front from northern Michigan to Kansas (not shown in Figure 9b), a maximum 850 mb flow of very unstable air into northwest Missouri; no PVA, thickness diffluence, south of an east to west thickness pattern with a moderate gradient and weak upper level winds. Flash flooding occurred with this backward propagating MCS; 5-8 inches of rainfall were reported. In the satellite imagery (Figure 9a), backward propagation is characterized by: (1) an outflow boundary west of the MCS, (2) colder topsoccurring in the western portion of the MCS and anvil debris in the eastern portion, (3) small convective cells developing along the outflow boundary to the west of the MCS, and (4) cell mergers along the boundary which in turn merge with the MCS; the result is a westward moving MCS.
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V. A SHORT RANGE FORECASTING TECHNIQUE FOR EXPECTED STORM PROPAGATION
It is common for meteorologists to consider the motion of a storm complex as the sum of the mean velocity of the cells comprising the storm complex and the propagation velocity due to new cells forming and accreting to the periphery of the storm. This relationship is illustrated in Figure 10. The mean cell velocity (in Figure 10) may lie along or to either side of the vector mean wind of the cloud layer; propagation may occur anywhere along the storm periphery.If propagation occurs ahead of the storm complex (see forward propagation example in Section IV), an accelerating effect results. If propagation occurs on the rear flank of the storm complex (see backward propagation example in 

Section IV), a deceleration of the system results.
Newton and Newton (1959) discuss the importance of dynamical interactions between large convective clouds and an environment with wind shear. They show that the total effect of the relative low level inflow into the MCS and the high level outflow from the MCS can be approximated by the vertical wind shear bet­ween these two levels. As a result, MCSs often follow a track parallel to the 

cloud layer shear vector.
Using the above principles, Merritt (1985) and Merritt and Fritsch (1984) studied the movement of mesoscale beta elements (MBEs) embedded in MCCs. MBEs have a spatial scale of 10-100 km and time scale of 1-10 hours. MBEs are iden­tified as radar intensity levels of VIP > 3 on radar summary charts and the coldest cloud tops in the infrared (IR) Tmagery. In many cases, MBE movement is controlled by the mean cloud layer wind and the propagation of the storm, i.e., the vector of the MBE movement is equal to the vector of the mean wind plus the vector of the storm propagation (see Figure 11). As a result, the MBEs move in the direction of the mean cloud-layer shear vector, coincident with the dashed 

850-300 mb thickness contours in Figure 12.
In a study by Scofield and Jiang (1987), animation is used to track the movement and evolution of the coldest satellite observed IR cloud tops embedded within MCSs. The movement of these coldest tops is considered the same as the movement of MBEs. In this study, 19 MCS cases were used. MBE movement (determined from animated imagery) and wind shear in various layers were compared. 

The results are shown in Table 2. The 850-300 mb thickness contour is the best for forecasting the direction of the MBEs; the surface-700 mb thickness contour 
was best for forecasting MBE speed.

From the satellite analysis of 36 MCS events, it was determined that Merritt and Fritsch's method was good for forecasting the movement of Type I forward/right movers MCSs. Back or opposite and left movers were not forecast well. Right, left, forward, back or opposite movers refer to the deviation of the storm's movement from the mean tropospheric wind. For Type II (bounded propagation), Merritt and Fritsch's method accurately forecasts forward/right movers that have a separation distance of about 10-20 km between the new cells and the main storm (see Table 1). Again, Type II opposite movers or backward propagating storms and independent MCS mergers cannot be forecasted by Merritt and Fritsch's method. The backward propagating MCSs and their resulting mergers are extremely important as they usually are associated with rainfall that is heavier, lasts longer and covers a bigger area than that associated with a for­ward propagating system (Simpson and Woodley, 1971 and Woodley and Sax, 1976).
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THE COMPARISON BETWEEN MBE'S MOVEMENT AND WIND SHEAR IN A VARIETY OF LAYERS
(19 MCSs)

LAYERS MEAN DIFFERENCE BETWEEN THE DIRECTION MEAN DIFFERENCE BETWEEN THE SPEED
(MB) OF MOVEMENT OF MBEs AND WIND SHEAR 

(DEGREES)
OF MOVEMENT OF MBEs AND 

(M/S)
WIND SHEAR

850-300 9.6 9.5
700-300 17.6 7.0
850-500 23.8 4.2
700-400 25.3 6.3
500-300 31.8 6.1
850-700 37.5 4.4
700-500 49.4 6.7
SURFACE-700 42.6 3.3

Table 2. The comparison between MBEs movement and wind shear in various layers.

PROPAGATON
STORM

ZERO STORM MOTION

Figure 10. Vector diagram showing the effect of propagation on storm motion 
(top) and the,relationship between propagation and mean cell motion for developing a quasi-stationary MCS (bottom) (from Chappell, 1985).
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Figure 11. Schematic of the variations of MBE speed as the sum of the meantropospheric wind, VQ50-300mb and storm propagation; V^be = vector of the MBE movement and Vp = vector of the storm propagation (from Merritt and Fritsch, 1984).

V850mb

V700-500mb
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Figure 12. Schematic hodograph showing direction of MBE movement relative to 850 mb and 300 mb wind vectors and the mean mid-tropospheric wind vector (V7oo-500mb); dashed lines are 850-300 mb thickness contours light stipping is <32°C cold cloud shield of MCC; dash stippling is region of MBEs Tfrom Merritt and Fritsch, 1984).
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Figure 13. Favorite area (stippled) for the occurrence of backward propagating MCSs; area is located along and north of the mean equivalent potential temperature ( 0e) ridge axis.
In this study, 9 backward propagation events are examined in detail. In addition to testing various parameters from Merritt and Fritsch's efforts (1984) mean layer equivalent potential temperature (0e ) is examined for each event.In 8 out of 9 back mover or opposite mover events propagation occurs along the ridge axis of from low to high values. Backward propagation occurs along and north of the Fe_ridge axis (see Figure 13). The equivalent potential tem­perature layers of ee (300-700 mb) and Fe (300-850 mb) are best correlated 

with the backward propagating system; the Fe are determined from the mandatory levels. Back movers or opposite movers also propagate backward toward higher low level temperatures (surface - 700 mb), lower instability, higher moisture and maximum low level winds (low level jet). Forward propagating systems did not move along the Fe ridge axis but followed the 850-300 mb thickness isopleths (Merritt and Fritsch's method).
Two examples of backward propagating MCS along or north of the ^e(300-700mb) axis are shown in Figures 14 and 15. IR imagery for the first example is shown in Figure 6; the MCS propagated backwards along the 0e axis. The 1000-500 mb thickness (showing diffluence over Oklahoma) and IR imagery for the second example are illustrated in Figures 16, 17a,b, respectively. As observed in Figures 17a and 17b, the MCS propagated backwards and north of the Fe axis.The position of the 0e axis was approximately at the same location 12 hours later (June 10, 1200 GMT). Six to eight inches of rain and flash flooding occurred with the backward propagating MCS over northern Oklahoma.
There are cases when a MCS will be a combination of both a forward and backward propagating system. In these situations, the convection associated with the backward propagation is normally dominant and is accompanied by the heaviest rainfall; the forward propagating convection usually weakens with time and dissipates leaving an outflow boundary.
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RIDGE

Figure 14. ee (300-700mb) analysis (°C) for August 4, 1985, 0000 GMT.

RIDGE 

I 64

Figure 15. 6e (300-700mb) analysis (°C) for June 10, 1985, 0000 GMT.
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Figure 16. Analysis of surface and 1000-500 mb thickness, 0000 GMT, June 10, 
1985.
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Figure 17a. A backward propagating MCS; enhanced IR imagery (MB Curve), 
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Figure 17b. A backward propagating MCS; enhanced IR imagery (MB Curve), June 10, 1985.
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VI. LIFE CYCLE CHARACTERISTICS OF MCSs
The life cycle of MCSs in the satellite imagery is summarized in Table 3; this table and the other information in section 3 were derived from 75 

convective events. MCSs evolve in one of six modes: (1) "random" convectiveelements merging and developing into a MCS, (2) the intersection of two or more lines of convection, (3) a convective line (squall line) transforming into a large, circular- or oval-type of MCS, (4) a cyclonic circulation (MCC or synoptic-scale induced), (5) the remnants of a tropical cyclone, and (6) back­ward propagation and mergers resulting in large MCSs. A characteristic of some of the mature stages is a tendency for many of the MCSs to regenerate along boundaries. Anticyclonic cirrus outflows and mergers of MBEs are observed with a few of the MCSs. Continuous and bounded propagation are also characteristic of mature stages. Occasionally, some of the circular/oval-type of MCSs split into two separate convective entities before dissipating. MesosCale-induced jets and mesoscale-induced vortices (Johnston, 1982) are observed with some of the latter stages of the MCS.
Stability is used to describe the thermodynamic structure of the atmosphere. However, an important factor for initiating MCSs is not the existence of instability but the local change of stability with respect to time. The latter factor incorporates both the thermodynamical and dynamical aspects of MCS initiation.The principal stability patterns that initiate MCSs are displayed in Figure 18.In this study (75 cases), the most common type of instability initiation occurred (1) in stability gradients (between lifted index values of -4 and +4) where the low level flow is the strongest and nearly normal to the stability isopleths and when unstable air is advecting into the area; low level warm air advection often accompanies this pattern and (2) near instability minimums (between lifted index values of -4 to -8 or lower) where a significant lobe (at 500 mb) of positive vorticity advection (PVA) and/or a thermal trough is passing over the area. Forecasting MCSs require high density spatial and time resolution data. Hourly, high density surface observations of 0e were found to be very useful in determining where MCSs will develop and how they will propa­gate. The following is a list of "0e functions" associated with stability decreasing with time and with MCS initiation and propagation: (1) positive advection of 0e in the lower troposphere, and/or (2) maximum lower tropospheric values of 0p (along a ridge axis) associated with: surface convergence, PVA at500 mb, cola air advection at 500 mb and/or maximum temperatures at the surface. Negative stability tendencies can also be computed from the temperature advec- tions differenced between the 500-300 mb layer and the 850-700 mb layer (Barnes, 1987). Cases where instability is not surface based but is found aloft as in regions north of a frontal boundary (overrunning convection) are often located in layers where "e/9z < 0 (Moore, 1986). Cahir and Lottes (1982) have shown that negative values of the Laplacian of 0e(v20e<^) at the surface located boun­

daries of maximum 0e . MCSs often develop where the maximum 0e boundaries are associated with large and small scale upward vertical motion fields.
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Forward and backward propagation, stability and other characteristics of MCSs are summarized in Table 4 and 5, respectively. Forward propagating MCSs have instability present along their leading edge to maintain the convection. In addition, the MCSs are often associated with significant PVA or a thermal trough and they are often embedded in a northwest to southeast thickness pattern (surface to 500 mb) with a weak to moderate thickness gradient and a weak to moderate middle to upper level windflow. Backward propagating MCSs have the following characteristics: (1) maximum 850 mb flow and warm, unstable air arebeing advected into the area or an area of minimum instability is being lifted by PVA, (2) an outflow or frontal boundary is often present, (3) the existence of thickness diffluence (4) located to the south of an east to west thickness pattern with a weak to moderate thickness gradient and (5) mid to upper level flow is weak.
Backward propagating MCSs usually produce heavier rainfall and more flash floods than forward propagating ones. In both types of propagations, heaviest rainfall occurs for surface to 500 mb precipitable water of 2l 1.2 inches and relative humidity 60%.
MCSs are called regenerative when two or more unrelated convective systems pass over the same location within a 24 hour period. Regenerating MCSs are dif­ferent from backward propagating ones and are responsible for many flash floods. An example of a regenerating MCS was the devastating Chicago flash flood of August 14, 1987 (Scofield, 1988). In the satellite imagery regenerative systems are often small, warm top MCSs that propagate forward. The MCSs often develop on a mesoscale or synoptic scale boundary that is detectable in the satellite imagery. Surface and upper air features associated with regenerative systems include: a persistent maximum 850 mb flow of the most unstable air into thearea of MCS development (along a boundary), a series of weak 500 mb PVA centers oriented NE-SW over area, a weak thickness gradient, and weak middle to upper 

level winds.
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ADVECTION-HORIZONTAL VERTICAL MOTION

WARM
AIR COOL

AIR

LIFTEDINDEX

ADVECTION -SHEARING

500 MB TEMP

500 MB \\/ADT '

\

HEATING

FUELED BY SOLAR INSOLATION, 
ANCHORED BY TOPOGRAPHY 
OR MESOSCALE BOUNDRIES

Figure 18. Stability patterns that initiate mesoscale convective systems; stippling represent areas where convection will initiate.
VII. A PROPOSED 3-12 HOUR HEAVY PRECIPITATION FORECAST INDEX (Scofield, 1987)

In order to develop a convective flash flood situation: (1) theatmosphere needs the instability, a boundary and upward vertical motion to deve­lop the thunderstorm, (2) the thunderstorm needs plenty of moisture for it to rain effectively and (3) the thunderstorm needs to propagate or regenerate in such a way that the heavy rain will last more than 1 hour over a particular location. Therefore the ingredients of a 3-12 hour convective heavy precipita­tion index would include: an instability burst factor (the local change of sta­bility with respect to time - see Figure 18), moisture, storm movement (propagation), boundary and vertical motion considerations. The upward vertical motion must be sufficient to remove any capping inversion or lid (Forbes, et al., 1984). In addition, local forecast office techniques must be used in the decision making process. An example of "local" techniques include: the existence of surface pressure fall centers, preferred thicknesses for heavy rainfall, critical Bulk Richardson Numbers, veering of winds in lower tropo­sphere, etc. (Ray, 1986). As a result of the information compiled and analyzed in this study a preliminary 3-12 hour convective heavy precipitation forecast index is. presented.
3-12 HOUR HEAVY PRECIPITATION FORECAST INDEX FOR MCSs

SEE DECISION TREE
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3-12 HOUR HEAVY PRECIPITATION FORECAST INOEX FQR MCSs

-NO-^MCS WILL
NOT DEVELOP

YES

\
Determine if INSTABILITY BURSTS are present or expected

INSTABILITY BURSTS have one or more of the following characteristics
I

HORIZONTAL ADVECTION

Are large scale and small scale upward vertical motion areas present or expected (sufficient to remove any capping inversion or lid)?Use synoptic scale and mesoscale analyses techniques (Ray, 1986). (Includes local fore­cast office techniques.)

Maximum 850 mb flow normal to Lifted Index (LI) isopleths of -4 to +4; also (v*vee)sfc > 0 
which is the positive advection of ee at the surface and where v is the horizontal velocity; the advection of ee at 850 and 700 mb is also useful; also ”1. < 0; v20e < 0.9Z

iUPWARD VERTICAL MOTION
Significant vertical motion area passing over minimum LI isopleths of -4 to -8 or lower; also (eemax7'v)sfc < 0 which is the maximumsurface value of 0e (aTong the ridge axis) associated with surface convergence and/or (0emaxsfcV-?Q5OO) > 0 which is the maximum surface value of 0g associated with positive absolute vorticity (Q) advection at 500 mb;
v2ee < 0

]

33



\
SHEARING AOVECTION

A thermal trough passing over minimum LI iso- pleths of -4 to -8 or lower; also (0emaxsfcv'vT5OO)<Owhich ’s the maximum surface 
value of 0e associated with cold air advec- tion at 500 mb;V20e<Q. Also negative stability 
tendencies computed from the temperature advec- tions differenced between the 500-300 mb layer and the 850 -- 700 mb layer.

\
HEATING

ARE INSTABILITY BURSTS PRESENT OR EXPECTED?

Fueled by solar insolation, anchored by topography or mesoscale boundaries: LIof +4 or lower, K index of +25 or larger; also (0emaxT)sfc > 0 which is the 
maximum surface value of ©e associated with a ridge or area of maximum temper­atures at the surface; v2ee < 0.

N0«

\

\
MCS WILL DEVELOP

\

MCS WILL NOT DEVELOP
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I
WHAT TYPE OF MCS MOVEMENT IS ANALYZED OR EXPECTED?

\
BACKWARD PROPAGATING MCS

SATELLITE FEATURES
o an outflow boundary west of the MCS o colder IR tops in western portion of MCS and anvil debris in eastern portiono small convective cells along outflow boundary to west of MCS o cell mergers along boundary which in turn merge with MCS resulting in a westward moving MCS

SURFACE AND UPPER AIR---- ffATUKB
o MCS moves backwards along Oe ridge axiso MCS moves backwards towards: higher ee values, higher temperatures between surface and 700 mb, lower instability, higher moisture and maximum low level windso thickness diffluence and south of a west to east thickness pattern with a moderate gradiento PVA not normally present o weak upper level winds o veering of winds between surface and 850 mb

I
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\
SLOW FORWARD PROPAGATING MCS

SATELLITE FEATURES
o a slow eastward (usually southeastward) movement of MCSo colder IR tops in western portion of MCSo mergers often occur within the MBE

SURFACE AND UPPER AIR- - - - FEATURES----
o maximum 850 mb flow maintaining unstable air to western edge of MCSo a PVA center may or may not be presento thickness diffluence and near to just south of a weak- moderate thickness gradiento near to just south of stronger winds alofto a surface boundary may or may not be presento MCS moves parallel to 850-300 mb thickness isopleths

I
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REGENERATING MCSs

SATELLITE FEATURES
o two or more MCSs develop and pass over same location within a 24 hour period o MCSs (often small and warm top) move eastward o MCSs often develop along a mesoscale or synoptic scale boundary

SURFACE AND UPPER AIR . FEATURES
o a persistent maximum 850 mb flow of the most unstable air into the area of MCS development (along a boundary that is west of flash flood area) o several weak 500 mb PVA centers oriented NE-SW over area o south of an east to west thickness pattern with a moderate gradient o south of the jet stream o MCS moves parallel to 850-300 mb thickness and/or 6e ridge axis o weak middle to upper level winds o a weak surface boundary



\
FAST FORWARD PROPAGATING MCS

SATELLITE FEATURES
o a rapid eastward (usually southeastward) movement of MCS o colder IR tops in eastern portion of MCSo mergers not usually detected

SURFACE AND UPPER AIR - - - - FEATURES'
o maximum 850 mb flow maintaining unstable air to leading edge of MCSo a PVA center present o northwest-southeast thickness isopleths present with a moderate gradient o MCS moves parallel to 850-300 mb thickness isoplethso a moderate to strong upper level flow pattern just north of areao a surface boundary may or may not be present

NO ►MCS WILL MOVE TOO FAST TO PRODUCE HEAVY PRECIPITA­TION AND FLASH FLOODS.

\IS A BACKWARD PROPAGATING, SLOW FORWARD PROPAGATING OR REGENERATING MCSs ANALYZED OR EXPECTED?_ _ _ _ _ _ _ _ _ _ _
\

YES

\
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\
HOW MUCH MOISTURE IS AVAIL­ABLE OR EXPECTED?

\
CRITERIA FOR MCS TO PRODUCE HEAVY PRECIPITATION

o sfc - 500 mb precipitable water of 1.2 o sfc - 500 mb relative humidity of > 60% o sfc dewpoint ridge or area of > 60°F o sfc mixing ratio ridge o sfc (or 850 mb) moisture convergence o positive advection of sfc dewpoints or mixing ratios

\
ARE MOST OR ALL OF THE ABOVE CRITERIA PRESENT OR EXPECTED?_ _ _ _ _ _ _ _

♦
YES

t
HEAVY PRECIPITATION ANDFLASH FLOODS ARE EXPECTED'

NO'

\
END OF TECHNIQUE

inches

■TOO DRY TO PRODUCE HEAVY PRECIPITATION AND FLASH FLOODS.

39



VIII. SUMMARY AND OUTLOOK
This study discusses MCS propagation characteristics. Two types of satellite propagation are identified: Type I - Continuous or Type II - Bounded.Type I propagation are usually forward or right movers. Forward propagating MCSs often move parallel to the 850-300 mb thickness isopleths. Type II propa­gations are normally backward or opposite movers. Backward propagating MCS are often associated with strong mergers that result in prolonged heavy rainfall and flash floods. Backward or opposite movers frequently occur along the «e (300-700 mb or 300-850 mb) ridge axis and propagate backward towards higher Fe 

values, higher low level temperatures, lower instability, higher moisture and maximum low level winds. Regenerating MCSs are different from backward propagating ones and are responsible for many flash floods.
The ingredients for a 3-12 hour convective heavy precipitation index include an instability burst factor (the local change of stability with respect to time), available moisture, type of MCS propagation and location of the large scale and small scale upwind vertical motion areas. The positive advection of ee and the maximum surface values of 0e associated with surface convergence proved to be most useful in determining where MCSs will develop and propagate.In the future, the convective available potential energy (Moncrieff and Miller, 1976) will be used as the stability parameter in the instability burst factor. Differential thickness advection will be further examined as an indicator of MCS development. The Laplacian of 0e will be tested as a "tool" for locating boun­daries that may initiate MCSs.
Obviously more MCS events must be studied in order to better understand their propagation characteristics. Three to fifteen minute interval satellitedata is needed to study the propagation characteristics of MCSs; this data is available and will be used in future investigations. In the near future, G0ESVIS and IR spin scan radiometer atmospheric sounder (VAS) sounding data will available on the VAS Data Utilization Center (VDUC) system. As a result, GOESVAS-derived moisture, stability, low level winds, ee, thickness fields, and other products will be a better source of data to study the satellite propagation and stability characteristics of MCSs. Thus planned future efforts will involve archiving convective events and performing analyses on the VDUC systemThe use of VDUC for analyzing and forecasting heavy rainfall producing MCSs ispresented in a paper by Scofield (1988).

 
- be 
 
­
. 
 

Additional efforts will consider a similar methodology taking parameters that evolve from this study and future ones and apply them to extratropical cyclones and tropical systems. Initial studies on the stability characteristics of extratropical cyclones indicate that instability bursts and conditional sym­metric instability (CSI) (Bennetts and Sharp, 1982) may be important mechanisms in the production of heavy "winter storm" precipitation. CSI may also play an important role in tropical cyclones and MCSs.
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