DTX Intern Aviation Training Guide
These serve as a basic set of guidelines to follow for some of the highest impact weather to affect the airports. This by no means is to be used as a checklist. These pages are just to make sure that forecasters take everything into consideration when forecasting these events. These pages have also been developed to aid met interns and forecasters new to the area. This guide is more applicable to the Great Lakes Region.
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SECTION 1: BEST PRACTICES

The Following are Guidelines that Should be Followed When Working the Aviation Shift 

· Construction of the TAFS 

· Be Concise 

· Focus Most of the Detail in the First 6 Hours of the TAF 

· Be General in the Last 12 hours of the TAF, Think of This as an Outlook Period 

· Focus on General Amendment Criteria and DTW Specific Amendment Criteria 

· Do Not Add FM or TEMPO Groups for Conditions Insignificant to Aviation (ie, do not add a new group for OVC150 from SCT080) 

· Do Not Place TEMPO Groups in the Last 12 Hours of the TAF 

· Try to Limit the Amount of TEMPO and PROB Groups 

· Thunderstorms and Other Significant Weather 

· Try Not to Blanket the TAFs with Thunderstorms 

· Be Proactive When Amending For Thunderstorms (either adding them or removing them) 

· Keep in Mind that FZRA, FZDZ and IP have HUGE impacts at DTW 

· Amendments 

· Amend with the 2 to 6 Hour Time Period in Mind (Do not Wait until the TAF Goes Bad) 

· The 06Z TAFS Get the Most Attention, so remember to Amend around 09Z if it looks like it may be needed. A 09Z TAF Amendment is not mandatory at DTW.
· Do not forget to remove a TEMPO group if conditions in the TEMPO group are no longer expected. 
· Coordination 

· Coordination needs to be done with CLE CWSU whenever we are forecasting LIFR Conditions; thunderstorms; and freezing precipitation or heavy snow. 
===============================================================================

SECTION 2: FOG

Radiation: This is the classic textbook fog case, occurring at night under clear skies and calm winds. 

· Use of the crossover temperature may help forecast these events. 

· The cross over temperature represents the dewpoint temperature during the hottest part of the day. 

· If the overnight low is forecast to drop to near the crossover temp, then forecast MVFR type vsbys. 

· If the overnight low is forecast to drop below the crossover temp, then forecast IFR or below. 

· This technique assumes no advection of moisture into the boundary layer and/or no low level dry air advection. 

· Tries to represent a low level profile where moisture is constant or increases with height. 

· This tool is built into BUFKIT (pay close attention to the MRi number, representing mixing in the boundary layer). 

· Conditions that will promote radiational fog include: 

· Saturated soils 

· Snow cover 

· The marine layer (see radiation/advection hybrid below for these) 

· Conditions that will help dissipate the fog include: 

· Daytime heating/mixing (timing of which is highly dependent upon time of year/sun angle) 

· Increased mixing atop the fog layer caused by strengthening winds aloft. 

· Relatively warm ground temperatures to help induce mixing. 

· Conditions to watch out for: 

· Snow covered ground (both promotes fog development and slows the onset of daytime mixing). 

· Fog occurring from early October through early March due to the longer nights and low sun angle. 

· If the boundary layer is too well mixed, low stratus may develop instead of fog. 
Advection: This is when extremely moist air is advected across the cold waters of the Great Lakes, leading to fog formation. 

· This will typically occur between March and June. 

· You need a good 5 to 15 knot wind at and below 925mb to advect the fog inland, but not too strong as to mix the fog layer out once it moves inland. 

· These events are more likely to produce the dense fog over the lakes and along the immediate shorelines (Monroe County and the Lake Huron Shoreline from Port Huron to Port Austin.) 

· Since the wind direction will typically be from the south or southeast in these events, this type of fog is very rare at FNT, MBS and PTK. 

· DTW and DET may be impacted with a southeast flow off Lake Erie. 
Radiation/Advection Hybrid: This is when the boundary layer gets moistened by the advection of a warm and moist marine layer inland. This then primes the boundary layer for fog under ideal radiational cooling conditions. 
· This is most likely to occur from mid September through mid December. 

· Large scale features include the presence of a mid level ridge and a strong low level anticyclone. 

· A typical sounding profile for this event features a very shallow layer of moisture trapped under a strong nocturnal inversion and capped by a deep layer of extremely dry air (dewpoint depressions greater than 30 deg). 

· 950 to 850mb winds typically 15 knots or less. 

· In most instances, the fog will first develop near the shoreline (shoreline convergence due to the interaction of the mixed marine layer with that of the decoupled boundary layer over land). The fog then advances inland (typically toward the direction of the wind just atop the shallow stable layer, usually around 950mb). 

· Depth of the fog can grow substantially, especially in late fall when the nights are very long. The low sun angle will also make it difficult to induce mixing in the boundary layer. Under these circumstances, it may take until 11 am or later for visibilities to improve above a 1/2SM. 

· These events have produced very dense fog (near zero visibility). 

· In late fall, the boundary layer may not mix out well after one of these events, which may actually prompt fog redevelopment the next night. 

· These events have been known to develop dense fog by midnight. This is going to depend on how well the boundary layer is preconditioned. 

· Whether or not the fog will impact the TAF sites is dependent on the wind direction. 

· For DTW, we want an east to southeast wind off Lake Erie. 

· For DET, we also want an east to southeast wind off Lake Erie. Sometimes an east-northeast wind off Lake St Clair will be efficient. 

· For PTK, it will take a northeast wind off Lake Huron. Usually the fog will only reach PTK if it has become very widespread in the thumb (upslope flow into PTK will help). The gradient is a bit stronger south of the airport, so it is a little more difficult for the fog from Lake Erie to make it up the hill. If however the boundary layer is already fairly moist, then we can see a combination of radiation and advection result in dense fog at PTK from this direction. 

· For FNT, again it will take a northeast wind off Lake Huron triggering widespread fog in the thumb first. I have seen the upslope under easterly flow (with trajectories going all the way to central Lake Erie), allow fog to develop in Lapeer county, which then may travel into FNT. Note: often a pure southeast wind will have a little downslope into FNT, so the fog may not be quite as dense in these situations. 

· For MBS, we want a northeast wind off Saginaw Bay. 
Stratus Build Down: This is when an initial stratus deck develops, then the ceilings lower and eventually reach the ground. 
· These events are very difficult to forecast due to the complex nature of the processes going on. 

· Some things to look for include: 

· A strengthening and lowering inversion above the stratus deck (very dry air should be present above the stratus deck). 

· Most typical with cold ground temperatures and/or snow cover. 

· Look for high RH between the base of the stratus and the ground. 

· Most typical under a light gradient (ie you do not want too much mixing). 

· Can occur with warm ground temps under very high humidity (rainfall or thunderstorms often help). 

· Sometimes this will form on the edge of a stratus deck within the region of clear skies. 

· This type of fog is most typical at PTK due to its higher elevation. 
SECTION 3: THUNDERSTORMS

Guidelines to Follow for Convection
The timing and areal coverage of convection remains a very difficult task to forecast in the TAFs. Below are some general guidelines to follow. Obviously, these are just general guidelines. Every situation tends to be unique, so forecaster judgment must also come into play. 

· INITIAL TAF ISSUANCE 

· Try to limit the time period of thunder in the TAFs to 3 hours or less. 

· Try to pin down the time with your best estimate. 

· If thunder appears imminent within the first 4 hours, put it in the prevailing group. 

· Have a high degree of confidence before placing thunder beyond 6 hours in the TAF. 

· Do not put severe storms in the TAF unless it looks absolutely imminent. 

· TAF AMENDMENTS 

· Be proactive when amending for TSRA. 
· When the threat of TSRA has diminished, do not forget to amend to take thunder out of the TAF. 

· If a severe TSRA looks like it will be impacting a TAF site, it is OK to amend to put that info into the TAF. 

· If there is only a mention of thunder in a TEMPO group, amend to place into prevailing if widespread convection lasting more than an hour appears likely to impact the TAF site. 

· When severe weather threatens, do not get too distracted with other duties (i.e. make the TAFs a high priority). 

· COORDINATION 

· There should be coordination with CLE CWSU periodically during the day to talk about thunder potential, particularly at DTW. 

· It would not hurt to coordinate with GRR either, since our TAFs are in relatively close proximity. 

Forecasting Tips
· Things to focus on for timing of initiation include: 

· Amount of instability (CAPE, LIs, TOTAL TOTALS, etc) 

· Boundary layer convergence (surface fronts, lake breeze boundaries, outflow boundaries) 

· Mid tropospheric forcing (elevated front, 925-850mb moisture/warm air advection or convergence, jet support) 

· Degree of elevated instability (showalter index, mid level lapse rates, depth of elevated mixed layer) 

· Surface moisture convergence 

· Forecasting tools include: 

· SPC Meso Analysis 

· Meso-scale models (Nam12, RUC, local HiRes WRF) 

· LAPS or MSAS analysis 

· Modified 12Z DTX sounding 
SECTION 4: STRATUS
Formation
· When low level moisture becomes trapped under an inversion. Some things to look for: 

· Cyclonic flow below 800 MB 

· Low level lift 

· Weak instability below the base of the inversion 

· Warm and moist air advection above the inversion and cold air advection below 

· Subsidence (not too strong) above the inversion 

· The large scale features favorable for development include: 

· Overriding of warm/moist air along and north of a warm or stationary front 

· In the wake of a cold front where shallow cold air undercuts warm/moist air 

· Methods of fog induced stratus include: 

· Decreasing stability near the ground due to: 

· Conduction of heat from the ground (like when daytime heating commences) 

· Latent heat release from condensation 

· Heating from the incoming radiation off the fog layer 

· Absorption of outgoing fog layer radiation can induce another inversion under which a stratus deck may develop. Then radiation from stratus and fog absorbed by water vapor warms the layer between, lowering the surface-based inversion through hydrostatic expansion (essentially diminishing the fog and leaving only a stratus deck aloft) 

· Methods for lake effect stratus/strato cu include: 

· An elevated moist mixed layer is the duct for cloud advancement once surface based mixing ceases 

· Sufficient low level instability over the lake capped by a stable layer (cool season; look for the lake surface temps to be a good 10 deg C warmer than the temp at the top of the inversion) 

· Advection of moist air over cold water (you want the surface dewpoint to be warmer than the lake surface) 

· (Shoreline convergence) air moving from relatively smooth water to rough land leads to more cross isobaric flow, lighter wind speeds, speed/directional convergence, and enhanced lift. 

Dissipation
· The main mechanisms for stratus dissipation include: 

· Advection of cold air aloft or warm air at the surface (weaken the inversion) 

· Dry air advecting into the lower levels 

· Solar heating to mix out the inversion (warm season) 

· Strong subsidence will cause dry air entrainment at cloud top and will push the inversion to the ground 

· Mechanical mixing 

· Shear induced mixing promotes momentum transport, which increases the mixing, which causes the inversion layer to lower and weaken 

· Important points about stratus dissipation: 

· Weak low level dry air advection will likely not be enough to diminish the stratus without a change in the inversion 

· In winter, temperature advection is the most efficient way to weakening the inversion and thus decreasing the stratus 

· Weak subsidence may not be enough to break up the clouds, but can lower inversion causing lowering of the cloud bases 

Model Parameters To Use
· Low level cyclonic vorticity (Ekman layer develops which leads to cyclonic flow with low-level lift) 

· Boundary layer convergence 

· High RH below 800 MB 

· Moist isentropic ascent in the low levels 

· Lapse rates near the inversion level (see how strong the inversion is) 

· Differential temperature advection centered on the inversion level 

· Time sections of omega/theta e to diagnose mid-level subsidence 

· Model soundings to diagnose the height and strength of the inversion 

Model Tendencies
· Over the last couple of years, it seems that models are too low with the inversion and too deep with the moisture below the inversion. This has resulted in us having a bias toward MVFR ceilings (VFR ceilings with stratus has been more common then what we have been forecasting). 

· Compare 24-hour forecast differences in RH 

· Look for gradients in RH rather than forecasting a specific value 

· Pay close attention to observed soundings and surface observations. Modify model soundings to better represent CCL/LCL heights. 

· Tendency to lower or weaken the inversion too fast 

· Compare temperature advections 

· Compare observed soundings to model soundings 

· Watch out for a melting snow pack since models (especially the NAM) are usually too cold and moist in the boundary layer under these circumstances. Again, pay close attention to actual observations and observed soundings. 

Forecasting Tools
· Observed Soundings 

· Compare postfrontal sounding to “near front” sounding 

· Examine the changes in inversion depth 

· Compare observed sounding to model sounding 

· Is the inversion as strong in the model as the observed 

· Does the model have the sub-inversion layer as saturated as the observed soundings? 

· Satellite Imagery 

· Compare location of cloud edge to low level RH in models 

· Compare evolution of cloud edge movement to changes in RH field in the models 
SECTION 5: WINTER PRECIPITATION

General Guidelines
· Things to consider with snowfall 

· Remember the intensity of snow is defined based on the visibility reduction (1/4SM-Heavy, 1/2SM-Moderate, 3/4SM or higher-Light) 

· Ceilings and Visibilities tend to drop very quickly once snow begins. 

· IFR and LIFR ceilings are most typical in light to moderate snowfall. 

· Much like dense fog, heavy snow typically has vertical visibilities of 200 ft or less. 

· If you are confident that heavy snow will impact the terminal, forecast vsbys down to 1/4SM. 

· If confidence of heavy snow is not that high, keep vsbys at or above 3/4SM and be ready to amend as needed (preferably a couple hours prior to onset of heavy snow.) 

· Often times upstream observations can be very helpful in determining what ceilings and visibilities should be in approaching snowfall. 

· Due to its variability, lake effect snow showers can be problematic in TAFs. Here are some general guidelines that should help mitigate confusion. 

· Beyond 6 hours, if confidence is about 50/50, forecast prevailing MVFR. If confidence is higher, forecast prevailing IFR. 

· Within 6 hours, if confidence is still low on whether LES bands will hit the terminal, forecast prevailing VFR, and TEMPO MVFR. 

· Within 6 hours, if confidence of LES hitting the TAF site is high, forecast prevailing MVFR, TEMPO LIFR. For strong LES bands, forecast prevailing IFR, TEMPO VLIFR. 

· Things to consider with mixed precip. 

· Forecasting Sleet or Freezing Rain/Drizzle have HUGE impacts on operations. 

· Be very confident before putting IP, FZRA or FZDZ in the TAF. 

· Be quick to amend if it appears freezing precip is going to impact the terminal and it is not already in the TAF. 

· During mid winter (especially with snow on the ground), model soundings are often too moist in the boundary layer and too low with inversion heights. This often leads to high false alarm rates for freezing drizzle. Beware of this so as not to over forecast FZDZ in the TAFs. 

Heavy Snow
· Large-Scale features to look for: 

· Mid level deformation on northwest flank of a 700-500mb upper low 

· 925 to 600MB frontal boundaries 

· Upper jet dynamics (within region of mid level frontal boundary) 

· Warm air advection/isentropic ascent 

· Smaller-Scale features to look for: 

· Regions of low to mid level frontogenesis 

· Regions of moist isentropic ascent and pressure advections on the isentropic surfaces 

· Mid level short wave troughs (especially when in combination with over lake instability) 

· Snowfall accumulations and intensity 

· You want good lift and moisture in the -14C to -20C layer (good dendritic growth regime) for good intensity 

· 1000-500 mb RH of 80 percent or higher is prefered 

· Mixing ratios of 3 G/KG or higher somewhere within region of ascent for heavy snow 

· Model QPF with consideration of snow-liquid ratios (use BUFKIT snow ratio calculator on wiki) 

· Presence of a large region of weak static stability (look at cross sections of theta-e) will increase snowfall rates. 

· Presence of elevated instability above region of lift or frontal boundary (Look at cross sections of theta-e and/or steepness of mid level lapse rates) will significantly increase snowfall rates. 

· AWIPS Techniques 

· Cross sections to diagnose location of lift, moisture, temperature and stability (Use theta or theta e surfaces to diagnose stability) 

· The farther apart the theta e surfaces, the less the stability. 

· If theta e surfaces decrease with height, that layer is convectively unstable. 

· Negative values of EPV (equivalent potential vorticity) can also be used to determine where convectively unstable layers are located as well as regions of CSI (conditional symmetric instability). 

· Display Heights and winds on PVU surfaces (PV anomalies help indicate strength of upper waves and location of mid level FGEN) NOTE: A PV anomaly is produced by the intrusion of stratospheric air into the upper troposphere. An upper level PV anomaly advected down to the middle of the troposhere is called a tropopause dynamic anomaly or folding of the dynamical tropoause. Due to PV conservation, the anomaly leads to deformations in vertical distribution of potential temperature and vorticity. The intrusion of a PV anomaly in the troposphere produces a vertical motion, ascending motion ahead of the anomaly and subsiding motion behind it. 

· Due to the conservation of potential vorticity, PV anomalies also help indicate regions of cyclonic vorticity advection. 

· The lower the heights on the PVU surfaces, the more intense the upper waves. 

· Gradients in the heights on PVU surfaces give indication of strength and location of mid level frontal boundaries. 

· Location of the dynamic tropopause can be determined by looking at upper level PV anomalies. This can locate tropopause undulations. When the tropopause lowers significantly (tropopause undulation), rapid cyclogenesis will occur. 

· As a general rule, in the mid troposphere, PV has values of 0.5 to 1.5 PVU, in the stratosphere, PV is typically >3. 

· Check for the presence of FGEN at all levels (925mb through 500mb, including 600 MB) 

· There are many different tools on AWIPS to look at frontogensis, each utilizing different terms of the frontogenesis equation (remember way back to our dynamics). Most commonly used are Total 2D Frontogenesis, Patterson 2D Frontogenesis, and QG Frontogenesis. 

· It may also help to look at how well theta or theta e surfaces are contracting, as this is in response to frontogensis. 

· Check isentopic surfaces for lift and moisture (also use DOCs system relative tools) 

· Condensation pressure deficits for moisture (values less than 30 mb mean high moisture) 

· For ascent, look for pressure advections and net isentropic adiabatic omega on a constant theta surface (both values should be positive). 

· The Garcia Method for forecasting snowfall amounts: This should just be used to get a general ballpark idea of potential snowfall amounts. THIS TECHINIQUE DOES NOT TAKE INTO ACCOUNT INSTABILITY, SNOW MICROPHYSICS OR MESO SCALE ENHANCEMENTS. The technique basically predicts snowfall totals for a 12-hour period using mixing ratios on an isentropic surface (this technique assumes lift over an entire 12-hour period). The forecaster decides on an area of concern where forcing for ascent is expected and chooses an isentropic surface which intersects the 700-750mb layer over this area. The average mixing ratio on this surface over the area of concern multiplied by two is the amount of snow in inches predicted by the Garcia method. The average mixing ratio is defined as the average between the mixing ratio at the initial time and the maximum mixing ratio predicted by advection during a 12-hour period. 

Lake Effect
· Diagnose Stability 

· Lake surface temp to 850mb Delta Ts T(water) - T(850) > 15C (often times looking at the temp toward the top of the mixed layer may be more beneficial). 

· Depth of equilibrium levels over the lakes (above 6k ft is prefered). The Lake Effect tool on BUFKIT will give this. 

· Lake induced CAPE, also given in BUFKIT. 

· Fetch, the longer the fetch the more time the airmass can be modified by the lake. 

· Moisture 

· 850mb RH at or above 40 percent 

· Moisture flux off the lake will be much more efficient early in the season (Nov-Dec) 

· Lake Enhancement 

· Presence of large scale ascent will increase intensity of lake effect 

· Watch for mid level short wave troughs 

· Presence of deep layer moisture (1000-850 RH over 80 percent or 700 RH over 60 percent) increases intensity 

· Often times, sounding analysis of heavy lake enhanced snow will exhibit a large isothermal layer somewhere between -14C and -18C. 

· Location of the bands 

· North to northeast will hit thumb region 

· For westerly flow you need to watch DTW/DET/PTK/FNT 

· For west-southwesterly flow, watch FNT and MBS 

· The infamous 1-94/1-96 convergence band sets up when arctic air wraps around Lake Michigan causing southwest winds near the MI and IND line, while the better mixed airmass over Lake Michigan keeps the winds more westerly farther north. 

· Tools and parameters to help diagnose 

· Low level winds, temperatures, RH, regions of low level convergence, and low level omega 

· Higher resolution models (NAM12 or HiRes WRF) 

· Modified model soundings on the downwind side of the lakes. 

· Regional Radars, including Canadian Radars. 

· IR satellite imagery (look closely at height of cloud tops and for the presence of ice near the cloud tops) 

Precipitation Type
· Rain versus Snow 

· 1000-500mb thicknesses lower than 5400 meters or 1000-850mb thicknesses lower than 1300 meters for snow. 

· Depth of above freezing layer in the boundary layer 800-1000 ft above ground level or greater to create all liquid. 

· Cooling of the above freezing layer due to melting may lower freezing levels significantly (especially during high precip rates). This may change rain over to snow quicker than model soundings would indicate. 

· Snow versus sleet or freezing rain 

· If the elevated warm layer is 3000 ft deep or greater and/or the max temp within this layer is 3C or greater, snow will likely be completely melted to liquid. If these criteria are not met, partial melting is expected, likely resulting in sleet once the precip falls back into the sub freezing layer. 

· Assuming complete melting in the elevated warm layer, if the cold air near the surface is greater than 3000 ft deep, precip may refreeze into sleet. If it is not this deep, freezing rain will occur. 

· Snow versus freezing drizzle 

· Look for a lack of moisture in the region of ice nucleation (-10C or colder). NOTE: between -10C and -12C, there is about a 50-60 percent chance of ice nuclei in the clouds. So these situations will probably require reliance on observations to ascertain the dominate precip type (i.e. light snow or freezing drizzle). 

· High RH below 900mb 

· Boundary layer convergence 

· Surface temps below freezing 

· Pay particular attention to model soundings versus real RAOBS (models, especially the NAM, are often too moist in the boundary layer and too shallow with the inversion, which can lead to false alarming freezing drizzle) 

· Watch for the presence of a mid cloud deck. Flurries falling out of this mid cloud deck may seed the low levels, changing freezing drizzle over to flurries, especially if the mid cloud deck is within 5000 ft of the low level stratus. 

· Freezing drizzle is common for an hour or two following the heavy snow in major winter storms (usually the mid level dry punch arrives before the low level moisture scours out). 

Model Tendencies
· For snow accumulations 

· Typically under forecasts QPF when mid level forcing is strong 

· Typically under forecasts QPF in the presence of elevated instability 

· Typically drastically under forecasts QPF in lake effect situations 

· For precipitation type 

· In large storm systems, often underestimate the magnitude of southerly transport of warm air, which can result in a change over to sleet or freezing rain much farther north and much quicker than expected. 

· Models typically underestimate the degree of cooling due to the melting, which may cause a more rapid change over to snow. 

· In large storm systems, models often have difficulty in timing the arrival of the dry slot (often it seems the dry slot arrives sooner than expected). Pay close attention to where the dry slot is on satellite in relation to the model. 
SECTION 6: STRONG WINDS
Strong winds have most impact to the airports when they are blowing across the runway. For DTW, this will mean strong winds out of the west-northwest or east-southeast. See the airport diagrams for more info on runway configuration. 

· Typical scenarios where SE MI experiences strong winds 

· Passage of a strong cold front, usually associated with a deep surface low. 

· Mixing into stronger winds aloft (again in the presence of a strong surface gradient). 

· Things to look for. 

· Isallobaric gradient (location and strength of pressure rise/pressure fall couplet). 

· Isentropic descent on theta surfaces (look at a cross section of omega, theta, and winds). 

· Degree of mixing (best during cold air advection and/or strong daytime heating). 

· Low level lapse rates to help determine low level momentum transport; you want the low level lapse rates to approach dry adiabatic (NOTE: Moist adiabatic lapse rates are typically inefficient in mixing stronger winds to the surface). 

· Model parameters to utilize 

· Wind Gust Potential Tools under the derived elements of the volume browser. Doc has created a whole slew of tools to help determine wind gust potential. 

· Mixing depths on BUFkit. Overlay the wind speed on top of mixing layer height (mixing layer height is located under the fire weather section on BUFkit). This gives an approximation of the potential winds that mixing may tap into. 

· Cross sections of omega, theta, and wind speed. Look for regions of strong subsidence (look to see where lines of constant theta intersect the ground and the wind speeds in the region where air parcels on that constant theta surface originated from). 
SECTION 7: WIND SHIFTS DUE TO THE LAKE BREEZE

During spring and summer, when the lake temperatures are much cooler than the air, we will typically experience lake breeze boundaries. Whether or not these lake breeze boundaries impact the TAF sites can be quite challenging, especially since our TAF sites are not situated right on the shorelines of the Great Lakes. In order for the lake breeze to reach the TAF site, causing a significant switch in the wind direction, we need to have the right combination of land versus lake temperature differences and a weak opposing gradient flow. 

First, we need to determine if there is going to be a Lake Breeze: 

If the opposing gradient wind (looking at speeds at 950 mb) is > 17 knots, then a lake breeze will likely NOT be able to develop. 

If the Land-Lake Temp differences is < 1 degree, then a lake breeze will likely NOT be able to develop. 

All other conditions will likely lead to some semblance of lake breeze development. The question is now how far inland will the lake breeze extend. To get an idea of how far inland the lake breeze will advance, refer to this simple chart. 

	Land to Lake Delta T in Celsius / 
	
	950mb wind speed in Knots / 
	
	Distance Inland 

	8 Deg or higher 
	
	6 knots or less 
	
	20 miles or more 

	5 Deg to 7 Deg 
	
	6 knots or less 
	
	10 to 20 miles 

	1 Deg to 4 Deg 
	
	6 knots or less 
	
	5 to 15 miles 

	8 Deg or higher 
	
	7 to 12 knots 
	
	10 to 20 miles 

	5 Deg to 7 Deg 
	
	7 to 12 knots 
	
	5 to 10 miles 

	1 Deg to 4 Deg 
	
	7 to 12 knots 
	
	2 to 4 miles 

	8 Deg or higher 
	
	12 to 17 knots 
	
	5 to 15 miles 

	5 Deg to 7 Deg 
	
	12 to 17 knots 
	
	1 to 3 miles 

	1 Deg to 4 Deg 
	
	12 to 17 knots 
	
	less than a mile 


Distance Between TAF sites and the lakes: 

· DTW - 15 miles to Lake Erie 

· DET - 7 miles to Lake St Clair 

· MBS - 12 miles to Saginaw Bay 

· FNT - 60 miles to Lake Huron; 40 miles to Saginaw Bay 

· PTK - 28 miles to Lake St Clair 

Typical Impacts to the TAF Sites under ideal lake breeze events: 

· DTW - Wind direction usually shifts somewhere between 180 deg and 150 deg, with speeds of 6 to 11 knots. This usually occurs between 19Z and 22Z and lasts until 01Z to 02Z. 

· DET - Wind direction usually shifts somewhere between 110 deg and 130 deg, with speeds of 6 to 13 knots. This usually occurs between 18Z and 20Z and lasts until 00Z to 02Z. 

· MBS - Wind direction usually shifts somewhere between 030 and 060 deg, with speeds of 7 to 15 knots. This usually occurs between 19Z and 22Z and lasts until 01Z to 02Z. 

· PTK - Under nearly calm conditions or a light east-southeasterly gradient, the lake breezes off St Clair and Erie can impact PTK. It usually takes between 23Z and 01Z to reach the airport. There will be a noticeable shift to the east or southeast. The wind shift and increase in speed is usually very brief before the boundary layer begins to decouple. These events are difficult to get much lead time on. 

· FNT - Is too far away from the lakes to be impacted in most cases. Under nearly calm conditions or a light northeasterly gradient, the lake breeze off Lake Huron can reach FNT. It will usually not reach the airport until around 00Z and typically results in just a brief wind shift to the east or northeast before nocturnal decoupling begins. These events are also very difficult to get much lead time on. 

PLEASE NOTE: 

· Subtle differences in the land/lake delta T and strength of the opposing low level wind field can greatly effect the time at which the lake breeze reaches the TAF site. In short, every situation is going to have slight differences in timing of the wind shift and magnitude of the wind speeds. 

· The above conditions can not be used in the presence of a larger scale frontal boundary, typically a back door cold front from the northeast. The baroclinicity along these fronts will be strengthened by the cold marine layer, often resulting in a strong shallow cold front. These fronts can advance well inland, especially if the there is a light east or northeasterly gradient flow. 

FORECASTING TOOLS 

· NAM12 or Experimental WRF surface and 950mb winds. 

· Estimated temps of the lakes 

· RADAR Data (the lake breeze off Lakes St Clair and Erie show up well, especially on the DTW terminal doppler). 

