3. Warm MHC
a. Surface Analysis
b. Composites
In Figure 2a, composite mean, sea level pressure shows a generally weak surface cyclone located over southern Quebec during the time of peak reflectivity associated with warm MHC events. The position of this surface cyclone would induce weak southwesterly geostrophic flow over New York and New England.	Comment by Ross Lazear: Add some sort of introduction to this paragraph, reminding the readers what they are looking at (e.g.: The period of maximum precipitation during warm-season MHC events…) . Kristen: Yes, you need an introduction; you cannot jump right into describing figures.
	At 850-hPa, weak warm air advection in the prefrontal environment occurs during the peaks of warm-MHC events over extreme Eastern New York State (Fig. 4a). Focusing on the eastern portion of New York, the composite shows weak warm air advection on the order of 0.4 °C h-1. Warm air advection to the east and cold air advection to the west is indicative of a cold front approaching the region.	Comment by Ross Lazear: Most of NYS is blue, though?  Which front are you referring to when you say “prefrontal”?	Comment by Kristen Corbosiero: Where's the front?	Comment by Ross Lazear: Reword	Comment by Kristen Corbosiero: If these maps are really going to provide the basis for forecaster guidance, you need to describe the overall pattern in more detail; e.g., where are the troughs and ridges, what is the overall flow pattern, etc..
Weak advection of 500-hPa cyclonic relative vorticity occurs across eastern New York during warm MHC events (Fig. 5a). Weak cyclonic curvature is seen upstream of the Capital Region, indicative of possible shortwaves in the flow at 500-hPa. Investigation of individual cases revealed that there is significant spatial variability in the location of upstream shortwaves during warm MHC events. 
	At 300-hPa (Fig. 6a), a weak jet is located to the northeast of New York State with its maximum over New Brunswick and extending southwest into southern Quebec. The green contours show that most of the upper level divergence is taking place close to the jet streak. A strip of divergence can be seen crossing New York.	Comment by Ross Lazear: I still think something isn’t right with the divergence plotted…it looks especially off in the cold MHC composite.  Rather than describe the divergence in the composite, I think it’s much more useful to describe that the Capital Region is downstream of the trough axis and in the equatorward entrance region of the jet streak.  Thus, I think you can remove divergence. 
The composite sounding (Fig. 7a) for warm MHC cases shows a warm surface temperature around 28 °C and a surface dew points of 19 °C. With a warm, moist surface, the lack of any significant capping inversion, and steep mid-level lapse rates, there is 100 J/kg of CAPE in a deep layer in the composite from the surface to 250-hPa. Surface southwesterly winds around 5 kt veer with height, representative of warm air advection, which was seen in the 850-hPa map. 	Comment by Ross Lazear: 100 J/kg isn’t really noteworthy – are we just smoothing out features in the cases and seeing a nearly moist adiabatic mid/upper-trop?	Comment by Kristen Corbosiero: I agree with Ross. Perhaps a composite of actual soundings would be good to show alongside the CFSR composite?	Comment by Ross Lazear: Southwesterly surface is a bit misleading because we’re using a lower-resolution dataset.  I’d imagine that it’s a southerly surface wind in the valley in the composite, due to terrain channeled flow.
4. Cold MHC
a. Surface Analysis
b. Composites
Cold cases of MHC typically occur typically after the passage of synoptically-forced precipitation. The cold case sea-level pressure composite (Fig. 2b) shows that during the peak of cold MHC events a surface cyclone is located just to the east of Cape Cod. Surface geostrophic winds are primarily northeasterly across New York State. The composite gradient in sea level pressure is much larger than that of the warm cases (Fig. 2a).
[bookmark: _GoBack]Cold air advection at 850-hPa dominates the region during cold season MHC events (Fig. 4b). The cold air advection in western New York is stronger than that in the warm cases. Looking closely at the Capital Region (see inset), a noticeable minimum in the cold air advection is evident. This minimum is indicative of neutral or slightly warm air advection occurring in the lower levels.	Comment by Ross Lazear: I don’t think this is too relevant---it could be evidence of downslope warming lee of Adirondacks … I would instead describe the direction of the flow here, which you haven’t mentioned in this section yet.
At 500-hPa, a maximum in relative vorticity is located over the Capital Region (Fig. 5b), implying anticyclonic relative vorticity advection beginning upstream of the 500-hPa trough axis in central New York State at the peak of the MHC event. The thermal wind is parallel to the thickness contours, showing anticyclonic vorticity advection by the thermal wind. By the Sutcliffe-Trenberth form of the quasi-geostrophic omega equation predicts that the Capital Region is in an area of downward vertical motion at 500-hPa. 	Comment by Kristen Corbosiero: If the region is under the maximum, there is no advection occurring.
In the 300-hPa composite, a strong 100 kt jet maximum can be seen well to the south of the New York, pushing off the coast of North Carolina (Fig. 6b). Most of the upper-level divergence is taking place on the south side of the jet and near the surface cyclone. The Capital Region is not in an area of favored upper-level divergence.	Comment by Ross Lazear: Again, I’d describe forcing mechanisms such as regions downstream of the trough axis, and in the poleward exit region of the jet streak, as being favorable for upper divergence, rather than plotting divergence (because this just doesn’t seem right to me). Kristen: Agreed!
The cold MHC composite sounding (Fig. 7b) shows backing winds from the surface through the mid-troposphere, consistent with the presence of 850-hPa cold air advection (Fig. 4b). At the lowest levels, there is veering of the winds, which is associated with warm air advection. Though the composite can smooth out detailed features of the individual events, the a weak inversion can be seen around 900-hPa. The sounding is saturated from the surface to 800-hPa. The blue dashed lines on the sounding indicate the dendritic growth zone which includes all of the low to mid- levels allowing for good snow growth. 	Comment by Ross Lazear: I know we’ve talked about this before and I’m open to discussing it further, but I feel like this is associated with friction and not WAA.
 
c.  Cold MHC case study: 2 January 2008
The 2 January 2008 MHC event was particularly significant because of its duration, intensity, and low predictability in the Capital Region. Officially, an additional 0.8 cm of snow was reported at KALB, but weather observers reported more significant accumulation attributed to MHC in various parts of the region, with 12.7 cm of additional snow reported in Cohoes, NY, on top of the nearly 28 cm produced by the cyclone’s synoptically-forced precipitation. The evolution of the event is shown in the radar and surface observation data in Fig. 8. The event started as a broad swath of precipitation that ultimately organized into a more band-like feature with a north-northwest to south-south east orientation. The location of Cohoes, NY (red dot) coincides with where the highest reflectivity was reported. Outside of this narrow band, little or no additional snow accumulation were reported.	Comment by Ross Lazear: The figure is really blurry – is this just an artifact of it being pasted into the PPT?
At the surface (Fig. 9), much like in the composite, there is an area of low pressure located off the New England coast with a central pressure lower than 1004-hPa. The cyclone tracked slightly west of 40°N, 70°W, which allowed the synoptic-scale precipitation to impact the Capital Region. This cyclone location helped to induce northwesterly geostrophic flow.  	Comment by Ross Lazear: From past analyses, find out what the minimum slp was estimated to be.	Comment by Ross Lazear: Northeasterly?!?  Reword this so it fits in with the paragraph.
On the back side of the storm, there was cold air advection at 850-hPa over most of New York State (Fig. 10). There was a small area of warm air advection located over the Capital Region on the order of 0.4 °C h-1.. This could be associated with downsloping winds off the eastern Adirondack Mountains or the artificial veering of the winds due to channeling.	Comment by Ross Lazear: Veering as a result of channeling won’t induce WAA.  It is geostrophic veering that is associated with WAA.	Comment by Kristen Corbosiero: I do not understand what you mean...
	At 500-hPa, most of the cyclonic relative vorticity (Fig. 11) was located in the base of the trough over Northern Mississippi, Alabama, and Georgia and into Kentucky, North and South Carolina. This vorticity is being advected off the coast of eastern New England where the cyclone was deepening as it moved away from eastern New England. At this time, cyclonic vorticity advection was occurring in the Capital Region, shortly prior to the evolution of the MHC event from a broad area of precipitation to a single band (Fig. 8). 	Comment by Ross Lazear: This vorticity is not being advected off the coast of New England.  Be very specific in your descriptions!  The vort. max over Nova Scotia is associated with the surface low in question.  I’d change your contour interval so that you don’t saturate the vorticity contours.	Comment by Kristen Corbosiero: There are two areas of vorticity Make that clear.	Comment by Kristen Corbosiero: What vorticity? You just described the vorticity in the southern US...that’s not being advected off the coast of New England.
A 300-hPa jet maximum of over 165 kt. (Fig. 12) was located southeast of eastern New York and western New England along the downstream side of a deep trough over the eastern United States. The areas of maximum upper-level divergence were far south of the Capital Region over the Southeast United States. This was very similar to the cold case composite as most of the upper-level divergence is taking place on the south side of the jet. 	Comment by Ross Lazear: Again, this just doesn’t seem right.  I’d expect strong divergence across New Brunswick and eastern Quebec.	Comment by Kristen Corbosiero: This field cannot be correct. Look at that maximum over the southern poriton of Hudson Bay.
Figure 13 shows the observed sounding from KALB at 1200 UTC 2 January 2008, which is two hours prior to the MHC maximum in reflectivity. As in the composite for cold season cases, the boundary layer is very moist with temperatures less than 0°C. The winds in the observed sounding veer in the lower layers from the surface to around 800-hPa, consistent with low-level warm air advection (Fig. 10). The winds above this level begin to back, which is consistent with the cold air advection through the remainder of the troposphere, very similar to the composite sounding.  
 
5. Summary and conclusions
	The Mohawk and Hudson River valleys as well as the Catskill, Adirondack, Berkshire, and Southern Green Mountains play a pivotal role in altering wind flow in the Capital Region of New York State. Through composite analysis and a case study, an increased understanding of the synoptic-scale setup common to Mohawk–Hudson Convergence (MHC) events will improve forecasts for these events. 
	The synoptic setup for warm cases of MHC includes a broad trough at 300-hPa over the eastern United States. Also there is weak cyclonic vorticity advection associated with an upstream shortwave and weak warm air advection associated with the warm sector of a cyclone are typical of warm season MHC cases. Most importantly, weak boundary layer geostrophic southwesterly winds are channeled westerly in the Mohawk valley and southerly in the Hudson valley supplying unstable air to the greater Capital Region. The winds are typically weak in the pre-frontal environment in the Capital Region and there is little upper-level forcing for ascent. 	
The synoptic setup for cold cases of MHC is a strong upper-tropospheric jet with a trough over the East Coast with the jet maximum off the coast of North Carolina. Strong cyclonic vorticity advection leads to the deepening of an area of low pressure off the New England coast, increasing the surface pressure gradient over eastern New York. This strengthening of the pressure gradient leads to moderate northerly flow in the Hudson valley and northwesterly flow in the Mohawk valley. Cold MHC events are also characterized by a moist boundary layer with weaker cold air advection in the low-levels and drier air with cold advection in the mid-levels. The low-level warm air advection suggests rising motion in the lower atmosphere being capped by mid-level descent as a cyclonic relative vorticity maximum moves past the Capital Region. The low level rising motion being capped by mid-level descent supports the fact that these cases seem to be bound to the lowest levels of the atmosphere. 
	MHC events are hard to predict because of their seemingly innocuous conditions on the large-scale, though they can quickly turn into high-impact weather events. Slight ascent from convergence in the river valleys causing upward vertical motion can lead to thunderstorms and quick bursts of precipitation. Fig. 14 shows a checklist for forecasters to help them determine if MHC is probable. Future advances in surface observation such as the New York State Mesonet will significantly help the prediction of MHC events as often surface level winds can show convergence before the onset of precipitation. 	Comment by Ross Lazear: Should we say more here, or even include the figure from this year’s recent event, with Nick Bassill’s permission? Kristen: YES! Meeezonet!
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