3. Warm MHC
a. Surface wind rosesAnalysis	Comment by Kristen Corbosiero: You will want to reference Wasula et al. (2002) in this discussion (http://journals.ametsoc.org/doi/full/10.1175/1520-0434%282002%29017%3C1277%3ATIOTOT%3E2.0.CO%3B2), who show wind roses associated with severe weather in the Capital District.
b. Composites
The In Figure 2a, composite mean, sea- level pressure for warm-MHC events shows a generally weak and diffuse surface cyclone located over southern Quebec during the time of peak reflectivity associated with the event (Figure 2a) associated with warm MHC events. The position of this surface cyclone would induce weak southwesterly geostrophic flow over New York and New England. The westerly geostrophic flow and XXX wind from the KALB surface wind rose, indicates wWarm cases of MHC tend to form in environments justin advance of  before the passage of cold fronts. This warm-season, prefrontal environment over the northeastern United States generally features weak synoptic-scale forcing in the presence of abundant convective instability (e.g., Lombardo and Colle 2010, 2011; Hurlburt and Cohen 2014), which increases the importance of mesoscale processes, like MHC, in initiating convective storms. Note that although a A pressure trough can also be seen in the prefrontal environment over near eastern New York (c.f. Lombardo and Colle 2011),  indicating a pre-frontal trough, this though the pre-frontal trough in these cases did not directly initiate the convection in the composite cases as discussed in the previous section.	Comment by Kristen Corbosiero: Looks to be westerly, or even northwesterly, over the Capital District.	Comment by Ross Lazear: I agree with Kristen’s point – we’ve got to be very specific in this discussion	Comment by Ross Lazear: See my earlier comment.
	At 850 -hPa (Fig. 4a), a weak trough can be seen ositting over the east coast of the United States with a broad ridge positioned over and a ridge in the central United States. The composite re flow is is general composite west-/southwesterly owinds occurring over New York and New England, with . Weak warm- air advection in the prefrontal environment occurs during the peaks of warm MHC events over extreme Eastern New York State on the order of 0.4 °C h-1. Weak  	Comment by Ross Lazear: Hard to see central U.S. in this plot…

(Fig. 4a). cYou can see cold- air advection can be seen occurring in the wake of the cold front moving throughover central New York. Focusing on the eastern portion of New York, the composite shows weak warm air advection 
Weak advection of 500-hPa cyclonic relative vorticity occurs across eastern New York during warm- MHC events (Fig. 5a). Weak cyclonic curvature,  with embedded vorticity maxima, is 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, again highlighting the importance of mesoscale processes in the initiation of convection. 	Comment by Kristen Corbosiero: Please describe the pattern of heights and vorticity at 500 hPa before discussing the advection.	Comment by Kristen Corbosiero: Add a comparison to previous work and always link back to the purpose of the paper.
	At 300 -hPa (Fig. 6a), the flow over the continental U.S. features a is very zonal and a broad, weak  trough can be seen over the eastern United States and a ridge anchored over the Intermountain West. The Capital Region is just downstream of the trough axis and in the equatorward entrance region of a jet streak over eastern Canada, locations known to be favorable for upper-level divergence.	Comment by Kristen Corbosiero: Please recalculate the divergence. Michael and/or Casey should have Python scripts/insight that should help. Also, compare the pattern to previous work.
	a weak jet is located the northeast of New York State. The maximum of this jet is located over New Brunswick, Canada. The Capital Region is downstream of the trough axis and in the equatorward entrance region of the jet streak. 
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. Surface southwesterly winds around 5 kts veer with height, representative of warm- air advection, which was seen in the 850-hPa composite map (Fig. 4a). Reviewing the cases generally surface based CAPE was between 1000 and 3000 J kg-1. In the individual cases the actual winds were more southerly in the valley due to the terrain- channeled flow.	Comment by Kristen Corbosiero: How does this compare to the actual KALB obs?	Comment by Kristen Corbosiero: This is not a complete sentence.	Comment by Kristen Corbosiero: You should say what it was in the composite first.	Comment by Kristen Corbosiero: Individual cases using the CFSR or the actual obs, because the former should not be able to resolve terrain-chaneled flow.

4. Cold MHC
a. Surface wind rosesAnalysis
b. Composites
Cold cases of MHC typically occur after the passage of synoptically-forced precipitation. The cold- MHC 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. The pressure pattern implies sSurface geostrophic winds would be are primarily northeasterly across New York State and . tThe composite gradient in sea- level pressure is much larger than that of the warm cases (Fig. 2a).	Comment by Kristen Corbosiero: This section is very short. Perhaps the lows can be compared to some of the cold-season CSTAR work or general nor'easter papers. More needs to be said.
At 850 hPa, a A positively- tilted trough is in placelocated over the eastern east coast of the United States with  general north-/northwesterly flow present over in New York and New England (Fig. 4b). Behind the departing cyclone, strong 	Comment by Kristen Corbosiero: I think you should move the inset to the lower-right corner so that the position of the 850-hPa low can be seen.
cCold- air advection at 850-hPa dominates eastern New York State the region during cold 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, however,  (see inset), a noticeable minimum in the cold air advection is evident (see inset). This minimum is indicative of neutral- or weak slightly warm- air advection occurring in the lower levels of the atmosphere (see the composite sounding in Fig. 7b) and . This could possibly be due to downslope warming in the lee of the Adirondacks. 	Comment by Kristen Corbosiero: Looks more north and west of the Capital District to me...
At 500 -hPa, a maximum in relative vorticity is located over the Capital Region (Fig. 5b), implying no advection of relative vorticity at the peak of the MHC event. The thermal wind is parallel to the thickness contours, showing anticyclonic vorticity advection by the thermal wind would soon be occurring in the Capital Region. By the Sutcliffe-Trenberth form of the quasi-geostrophic omega equation predicts that the Capital Region will be  is in an area of downward vertical motion at 500 -hPa. 	Comment by Kristen Corbosiero: Please describe the 500-hPa flow pattern before the vorticity pattern and its advection. Also, since you've plotted the thickness, you should describe that pattern as well.	Comment by Kristen Corbosiero: I don’t see why what is going to happen is relevant to this discussion.	Comment by Ross Lazear: Agree with Kristen – more relevant is the pattern during MHC, so describe the overall height/thickness field, rather than the QG-omega implied forcing (stating that there is no advection of relative vorticity at the peak of MHC is probably all you need to say about forcing).
In the 300-hPa composite (Fig. 6b), a more amplified flow is pattern is seen compared to the warm- MHC cases, with . aA deep trough is located over the eastern United States and a ridge over the West Coast. A 100- kt jet maximum is located in the base of the trough, located can be seen well to the south of the New York, just pushing off the coast of North Carolina. The location of the is jet streak places the location would put the Capital Region on the central poleward side of the jet, an area not associated with upper-level divergence. 	Comment by Ross Lazear: General note about figures – remove the small lakes and counties from these figures, and thicken the state borders.	Comment by Ross Lazear: Amplification of the 300-mb is so seasonally dependent, I'd want to see standarized anomalies to make this statement more relevant (I would just say that the flow is amplified...not compare it to the warm composite)
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 the friction and terrain- channeled flow. Though the composite can smooths out detailed features of the individual events, a weak inversion can be seen around 900 -hPa. The sounding is saturated from the surface to 800 hPa and the . The blue dashed lines on the sounding indicate the dendritic growth zone (indicated by the blue lines) extends from the surface to 600 hPa,  which includes all of the low to mid- levels providing a allowing for a good environment for snow growth. 	Comment by Kristen Corbosiero: Be specific: add actual pressure levels.	Comment by Kristen Corbosiero: Very difficult to see without an inset.	Comment by Kristen Corbosiero: The CFSR does not know about terrain-channeling. Perhaps you can plot the terrain height in the CFSR to get an idea of how poorly the terrain is resolved.	Comment by Kristen Corbosiero: What is the significance of an inversion and what may be the cause of the inversion?	Comment by Ross Lazear: Careful – this isn’t an inversion, but rather a stable layer.	Comment by Ross Lazear: DGZ is not 0° to -20°C!
 
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 local weather observers reported more significant accumulations 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 banded -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 accumulations were reported.	Comment by Kristen Corbosiero: This really not discussed, but should be. Perhaps Hugh can provide insight? 	Comment by Ross Lazear: Since you’re plotting surface observations, you could say a lot more about them, especially since you have a cold season wind rose to compare them to.	Comment by Kristen Corbosiero: How long after the synoptically-forced snow ended did the MHC snow begin?
At the surface (Fig. 9), much like in the cold-MHC composite (Fig. 2b), there is an area of low pressure located off the New England coast over Nova Scotia with a central pressure of 986 -hPa. The cyclone tracked slightly west of 40°N, 70°W, which allowed the synoptic-scale precipitation to impact the Capital Region and . This cyclone location helped to induce northeasterly geostrophic flow.  	Comment by Ross Lazear: Use the WPC surface analysis archive to state exactly where the surface low was located at 12Z 2 Jan 2008.  Better yet, your RUC analysis should be showing more contours; did you set a min/max that is preventing the plot from showing <1004 mb?	Comment by Kristen Corbosiero: Where did you get this value? Needs a reference. 	Comment by Kristen Corbosiero: Compare to actual observations in Figure 8.
On the back sidebackside of the storm, there was cold- air advection at 850 -hPa over most of New York State (Fig. 10). Two notable exceptions are the warm-air advection south of Lake Ontario and over the There was a small area of warm air advection located over the Capital Region  (see inset)on the order of 0.4 °C h-1.. As described in the cold-MHC composite section, tThe warm-air advection is could be associated with downsloping winds off the eastern Adirondack Mountains,  or the veering of the winds due to friction and terrain channeling. Much like the cold- MHC composite (Fig. 4b),  the trough was positively tilted inducing a north/northwesterly wind over New York.	Comment by Kristen Corbosiero: First describe the height pattern and then the thermal advection.	Comment by Ross Lazear: Friction and terrain channeling are not geostrophic; thus, veering winds from these sources are not associated with temperature advection (it is the veering of the geostrophic wind that is associated with WAA).	Comment by Kristen Corbosiero: This needs to come first.	Comment by Kristen Corbosiero: What trough? Need to be specific.
	At 500 -hPa, a A deep, positively-titled  trough can be seen across in the eastern United Sstates with strong cyclonic relative vorticity in the base of the trough  over the Southeast U.S. (Figure 11).associated with the curvature. Associated with the departing surface cyclone, a cutoff, shortwave cyclone was the most important cyclonic relative vorticity maximum was located over Nova Scotia with the surface cyclone (Fig. 11). At this time, cyclonic vorticity advection was occurring in the Capital Region, just 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: Something seems wrong to me about this vorticity plot.  Regions where there should be significant shear vorticity (on the cyclonic shear side of jet) aren’t showing up at all.  For instance, there should be large vorticity values in eastern Virginia, where there is both shear and curvature vorticity.	Comment by Kristen Corbosiero: What is the relationship between this and the CVA?
A 300 hPa, a deep, positively-titled trough is evident over the eastern United States (Figure 12). This pattern is similar to the cold-MHC composite; however, the flow is more amplified and Albany is located downstream of the trough axis, instead of along the axis (Fig. 6b). A  jet maximum of over 165 kts (Fig. 12) was located also located downstream of the trough axis, off the East Coast, indicating a lifting trough.southeast of eastern New York and western New England along the downstream side of a deep trough over the eastern United States. Like the cold composite the flow is very amplified with a large trough in the east coast. This trough is also positively tilted. 
Figure 13 shows the observed KALB 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-MHC  cases, the boundary layer is very moist with temperatures belowless 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 throughout the remainder of the troposphere, very similar to the composite sounding.  	Comment by Ross Lazear: I still strongly feel this is terrain channeling and friction-induced...and not associated with low-level WAA.  The WAA indicated is at 850-mb, anyway, which is above the veering.	Comment by Ross Lazear: Also compare to wind rose.
 
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, this study has documented an increased understanding of the synoptic-scale setup common to Mohawk–Hudson Convergence (MHC) events that will hopefully improve forecasts of these challenging 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 at 500-hPa,  and weak, 850-hPa  warm air advection associated with the warm sector of a surface cyclone are typical of warm 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 with and there is little upper-level forcing for ascent. 		Comment by Kristen Corbosiero: I’m assuming this will be seen in the wind roses...
The synoptic setup for cold cases of MHC is a strong,  upper-tropospheric jet within the base of a with a trough located 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 Vvalley and northwesterly flow in the Mohawk Vvalley. Cold- MHC events are also characterized by a moist boundary layer with weak er 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. 	Comment by Kristen Corbosiero: None of this was shown or discussed above; especially not the time evolution of features such as the pressure gradient.	Comment by Kristen Corbosiero: Value?	Comment by Kristen Corbosiero: Demonstrated with the wind roses?	Comment by Kristen Corbosiero: This contradicts the previous sentence.	Comment by Ross Lazear: Not quite sure this is needed.	Comment by Kristen Corbosiero: How do you know this? This was not shown. Perhaps a vertical cross-section of reflectivity is needed.
	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. Low-level Slight ascent from convergence in the river valleys causing upward vertical motion can lead to thunderstorms during the warm season, and quick bursts of precipitationlocally heavy precipitation during the cold season. Figure 14 shows a checklist for forecasters to help them determine if MHC is probable. 	Comment by Kristen Corbosiero: More needs to be said here about the checklist.	Comment by Ross Lazear: Add info from wind roses to checklist?
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. Observations from the New York State Mesonet showed such surface convergence before the onset of precipitation in a case of enhanced cold MHC on 9 February 2017. Figure 15 shows the surface observations and the derived surface convergence from the 109 stations in the New York State Mesonet. Surface convergence was seen before the onset of the enhanced precipitation in the Capital Region making this data great resource for forecasters.	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, NYS Mesonet.	Comment by Ross Lazear: At the time, there were 109 stations – (probably should explain this)	Comment by Ross Lazear: More could be said here – multiple stations in the valleys allow us to identify convergence during events, etc.
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