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Abstract:

Precipitation is a weather phenomenon that affects everyone around the world, and while small amounts
pose only a minor inconvenience, precipitation extremes (PE) can cause natural hazards, like floods, and
extreme damage to infrastructure. To address this issue, we need to improve our understanding of PE. In
New York City, there are three potential causes for PE: tropical storms or hurricanes, extratropical cyclones,
and quasi-linear convective systems, which preferentially occur at different times of the year. By
investigating PE in NYC and their relationship with the region spatially and the annual cycle/temperature,
we may have a better understanding of the cause of the extremes.

The Annual Cycle
for NYC Weather
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Objective/Goal:
The main objective of this project is to explore the different ways temperature relates to precipitation:
1. By using the relationship between temperature and saturated vapor pressure to predict the amount of
precip there should be on a certain day.

2. By looking at precip climatologies to attempt to detect a seasonal rain cycle and its relationship with the
seasonal temperature cycle.

3. By creating a time evolution for precip and temperature for precip extremes and examining the different
patterns and the timing of these events.

Methods/Tools

o MATLAB- used to do calculations, process data, and create figures accordingly

o NOAA Weather Station Data- readings of the total daily precipitation measurement and average daily
temperature from 1979 to 2014

o Climatology - a daily average of weather conditions like precip and temp

e Running Average - used to smooth information graphs by plotting each day as the average of the
surrounding n values

e Time Evolution - the surrounding conditions (temp/precip) x days from a certain event.

Results:

each station.

.05 and .2 with some seasonal variation

Top: An average climatology for NYC was found by taking the mean precip readings of each day for

Bottom: Climatologies with increasing running averages are plotted on top of each other,
demonstrating the general shape of the average precip cycle.
A 62 day running average climatology best shows the average daily precip values, roughly between

Zero Count: The amount of days

without rain for each day over The new climatology after
the span of 35 years with a 7 day removing all days without rain
running average. from the daily average.

There is a significant peak in the There is a slight increase in the
fall, specifical September. fall.

Rain Rate When It's Raining:
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of water vapor that can be in air. Relative Humidity (RH)
is the percent of actual vapor pressure to e,,. Therefore,
when RH is 100%, the actual vapor pressure is equal to the
esat, precipitation can occur. If we assume that RH is 100%
we can calculate how much ipi (inches) would
occur at a certain temperature with the equations on the
left.
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q + air pressure « cloud height
density of water

precip(g) = Ashort course in clouds physics. RR Rogers & MK Yau

Temp at Different Prassures
Using Saturated Lapse Rates

A lapse rate is the decrease in temperature (K) by km of
height into the atmosphere. As the height/pressure changes,
temperature also changes. Saturated Lapse Rates also
consider the effects of water vapor on temperature and
pressure.  The graph above shows the temperature
climatology at ground level (1000 hPa) and at certain levels
of the atmosphere. We used the saturated lapse rate to
adjust the temperature, to estimate the the temperatures at
850 and 500 hPa based on the surface (1000 hPa)
temperature.

ACTUAL AND ESTIMATED PRECIPITATION
CLIMATOLOGIES

Precip Proction: Helght = 1.5 hm; Cloua Depth = 0.4 km Pracip Prediction: Hesght = 1.5 ks Cloud Depth = 2.5 hm

Precie Prodiction: Haight = 175 km; €laud Bapth = 1.8 hm Presip Pradiction: Haight = 1,78 hen: Clowd Depih = 335 k.

In these figures we assume that the height of the different pressures in the atmosphere and the cloud depth remain constant for
the entire year in order to make a general prediction of the ipitation, based on the derived 500-hPa temp

Count of Events per Month

Day from Estren

933 as0 2397 1590 o0
298 207 1343 1970
083 3043 1073 19
3830 337 2103 1810
4253 a7 2423 1423 2770
5% 1807 7363 3,837

1313 1323 2312
i sy 1850 2440
1840 1207 4720

amr 2113 2333

Taking the days from all three stations, we counted the
number of the precip extremes per month and per year.

Per month, the highest concentration of PE in in the
summer and the spring.

Per year, 2005 and 2011 had the most PE.

The time evolutions for each PE event, i.e. the precip,
temperature, and anomaly from the climatology of the
surrounding days, were averaged on each day prior and post
the event to create a general pattern for the time-evolution
of the weather leading up to and following the extreme rain
events.

The average precip and temperature pattern also include
the average pattern per month. Seasonally the temp
pattern around the event varies, while there is usually a
small precip event on either side of the extreme event.
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Looking at the information from the three different
stations, we extracted the top 25 days with the
most precip and adjusted to account for multi-day
events by removing all sequential days listed so
each top 25 list had separate weather events. We
then searched for the days shared between the
stations with a one day range for each event. The
table on the right holds the corresponding precip
value from the NYC average for each day in the left
table.

Extremes por Yoar

Conclusion:

1. Using saturation vapor pressure to estimate the amount of precip, we can almost accurately predict the precip in the spring and
winter. While it overpredicts the precip for the summer and fall, we also know that when it does rain during those months it rains

heavier than in the other seasons.

2. A precip climatology shows that it rains slightly more often in the spring, and there are significantly more days without rain in the fall
(specifically September). However, it also rains harder when it does rain in the summer and the fall.

3. When looking at precip extremes, they occur more often from June to October, peaking in August. When looking at the time evolution
of these events, we notice that there are small showers on either side of the precip extreme, and the temperature time evolution
changes based on the month, but the overall average shows a small decrease in temperature around the events.




