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Introduction | viodel Error Table 5 - Model Error
. L L Number of Ramp Events Duration of Ramp Events
. Rapid changes in wind speed that lead to extreme changes in wind power DBL Obs. Model False MAE Bias Threat
: . Ramp T Total Total Hi Mi POD FAR
output, known as wind ramp events, cause considerable problems for the Table 1 - Number of Ramp Events (Day 1) Table 4 - Avg. Duration of Ramp Events S amp TYPe Evz:ts E\,Z:ts S Alarm % (hr)  (hr) © Score
wind energy industry
. Because ramp events occur on short time scales, forecasting is difficult PBL Scheme MYJ MYNN 2.5 MYNN 3.0 Pleim QNSE YSU Obs PBL Scheme MY]J (hr) MY?h':)z's MY?hI:)?"o P(Iﬁ'r')“ Q(:f)E YSU (hr)  Obs (hr) 1.85 -1.23 0.35 032 0.32
: Rgpld er]d changes from the cut-in lspeed to the rated wind speed on the Ramp Up - 20 - 0 - ” - Down (Day 1) 31 188 063 026 060 019
wind turbine power curve cause the biggest problems
Ramp Down 23 28 21 14 28 13 31 Down (Day 2) 35 1.42 -042 034 0.37 0.29
Total Ramp
46 57 48 33 54 29 66
Events
Data and Methodolo Ramp Down 22 233 -120 041 040 0.32

(Day 1)

. Weather Research and Forecasting (WRF) model with 10-km horizontal Table 1: Number of ramp events during day 1 (06-30 hours after model start up). Ramp Down Down (Day 1) 31 >3 17 0 164 073 035 061 093
resolution was integrated for 54 hours starting at 00 UTC to simulate ramp All six PBL schemes showed a lower number of ramp events than observations. (Day 2)
events (validated from 06-54 hours) T?]_el I\frTN\[(\ISﬁJE F:]BL Scmemeds?hw:‘ed th? most ramp events of any PBL scheme Table 4: Average duration of ramp up/down events on day1 and day 2. Ramp a0 Vs a T = T 2'88 1'71 e '

while the scheme showed the fewest. - . a 88  -1.

. Global Forecast System (GFS) analyses used for initial and lateral boundary durations are longer on day 2 for both ramp up and ramp down events compared to it

ndition day 1. All six PBL schemes over-predict duration during both ramp up and ramp 1.13
SONETHoNS Table 2 - Number of Ramp Events (Day 2) down events. Observations show little difference between the duration of ramp up sown (Day 1) 31 o0 050

. Six different planetary boundary layer (PBL) schemes tested: and down events during any time period. Y ' '

. Yonsei University Scheme (YSU) - WRF PBL Scheme MY] MYNN 2.5 MYNN 3.0 Pleim QNSE YSU (0],13 Down (Day 2) 35 1.50  0.25

. Mellor-Yamada-Janjic (MYJ) - WRF Ramp Event Diurnal Cycle

. Quasi-Normal Scale Elimination PBL (QNSE) - WRF Ramp Up 17 2> 24 17 26 11 37 | | 233 -1.83 032 029 0.29
. Mellor-Yamada Nakanishi and Niino Level 2.5 PBL (MYNN2.5) - WRF Ramp Down 19 22 16 20 23 11 35 Figure 3 - Diurnal Cycle of Ramp Up Events bown (Day 1) 31 9> 044 099 036 095
. Mellor-Yamada Nakanishi and Niino Level 3.0 PBL (MYNN3.0) - WRF Total Ramp 36 47 40 37 49 22 72
S : Ll Down (Day 2) 35 200 050 0.34 040 0.28
. Pleim PBL scheme (also called Asymmetric Convective Model (ACM2)) — WRF — Diurnal Cycle (Midpoint of Ramp Up)
. Sixty cases spanning 120 days were validated using hourly wind speed Table 2: Number of ramp events during day 2 (30-54 hours after model start up). :
measurements at 80m from a meteorological tower at the Pomeroy wind All six PBL schemes showed a lower number of ramp events than observations. SN 173  -1.20
form i northwestern lowa Also note that fewer ramp events are forecasted during the day 2 period compared _ 6 B " Down (Day 1) 31 127  -1.00
to day 1, even though more observed ramp events are seen. Of note, observed A _m:iz
. Event defined as a ramp if change in wind power was 50% or more of total events were found to occur from a wide range of conditions including £ —r Down (Day 2) 35 133 -0.22
capacity in four hours or less, approximated (based on wind turbine power thunderstorms, frontal passages, PBL growth/decay, LLJ, and, in many 2 | . YSU Up (Day 1) 35 16 8 8 27 325 -0.25 0.19
curve) using any wind speed change of more than 3 m/s within the 6-12 m/s :zz;s;ego obvious mechanism was seen but unstable lapse rates may have : i o
: : . . 0 e 0BS
window (where power procction varies greatly)
Figure 1 Figure 2 Down (Day 2) 5 11 9 26 133 -0.89 0.26 0.18 0.24
SURFAGE MISSREER RISTS)) BNARY 1F%: BoamiATIZeE AmplltUde of Ramp Events Figure 3: Three hour averaged diurnal CyC|e of ramp up events using the m|dpe|nt Table 5: Model error associated with ramp events for each PBL scheme. Probablllty of
ey Ol B : :
- ‘ ﬁ 2: of the ramp event. Observed ramp up events occur most frequenﬂy around 01/Z. Detection (POD), False Alarm Rate (FAR) and Threat Score were calculated. The Bias
|| B Table 3 - Avg. Amplitude of Ramp Events Model ramp up events occur most frequently between 227 and 1Z. and Mean Absolute Error (MAE) show the timing error associated with each PBL
2 scheme . A hit means the model correctly predicted the ramp event within +/- 6 hours.
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M\({:l;:;.S M\((::l;ls:;.o F:/I:; ?n:l/s; YSU (m/s) Obs (m/s) Figure 4 - Diurnal Cycle of Ramp Down Events With the exception of the YSU and Pleim schemes, the POD is higher for ramp up

PBL Scheme MYJ] (m/s)
events as opposed to ramp down events and FAR is higher for ramp down events.
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Figure 1. Domain used with inset (Fig. 2) showing outline of Pomeroy wind farm
where red dots are wind turbines and the blue dot is the meteorological tower.

. Model ramp up events have higher amplitudes than ramp down events for all six PBL
schemes. Observations show little difference between these amplitudes

. Longer model ramp duration during day 2 in both ramp up and ramp down events
(except YSU) when compared to day 1 — result not pronounced in observations

. Peak frequency of observed ramp up events occurs around 01Z while model ramp up
events occur most frequently between 22Z and 1Z

BN QNSE

Table 3. Average amplitude of ramp events divided into ramp up/down events on
day 1 and day 2. Simulated ramp up events have higher amplitudes than ramp
Acknowledgements down events for all six PBL schemes. Observations show little difference between
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Z : Conclusions
Z j . All six PBL schemes underestimate number of ramp up and ramp down events
; Ra(”[")'; Df;"’” i 1Y) compared to observations
e riass wiedansad B0 — yDO » 2 m—YNN2.5 . Observed events come from large variety of causes, and in many cases, no obvious
surliace willldspee W =) .
- : S 4 VIYNNS.9 cause is present although unstable lapse rates may play a role
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Laboratory Project 290-25-09-02-0031, and ERPC grant #400-60-12 Figure 4: Three hour averaged diurnal cycle of ramp down events using the . No large trends in frequency occur in both observed and model ramp down events.
SR - midpoint of the ramp event. Any trends in frequency are small for both observed - Except for YSU and Pleim, the POD is higher for ramp up events than ramp down
Contact Information: ajdeppe@iastate.edu P P g A 4 events.

and model events. . Except for YSU and Pleim, FAR is higher for ramp down events than ramp up events
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