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Abstract. In their recent article Wang et al. [2016] analyzed observations from EISCAT 11 

(European Incoherent Scatter Scientific Association) Russian X-mode heating experiments and 12 

claimed to explain the potential mechanisms for parametric decay instability (PDI) and oscillating 13 

two-stream instability (OTSI) and to understand the physical factors accounting for parametric 14 

instability generated by an X-mode HF pump wave. Wang et al. [2016] claim that they cannot 15 

separate the HF-enhanced plasma and ion lines (HFPLs and HFILs) excited by O- or X-mode in 16 

the EISCAT UHF radar spectra due to an inability to distinguish the parametric instability 17 

excited by O- /X-mode heating waves according to their different excitation heights. Their 18 

reflection heights were determined from ionosonde records between the heater pulses which 19 

provide a rough measure of excitation altitudes and cannot be used for the separation of the O- 20 

and X-mode effects. The serious limitation in their analysis and interpretation of the PDI/OTSI is 21 

the use of a 30 s integration time of the UHF radar data. There are also serious disagreements 22 

between their analysis and the real observational facts. The fact is that it is the radical difference 23 

in the behavior of the X- and O-mode plasma and ion line spectra derived with 5 s resolution 24 

which provides the correct separation of the X- and O-mode effects. Although Wang et al. 25 

(2016) claim to derive the threshold of the parallel electric field for the PDI and OTSI, it would 26 

only hold for the classic resonance PDI and OTSI excited as immediate response to the onset of 27 

heating and is typical only for O-mode pumping at fH ≤ foF2. It is not discussed and explained 28 

how the parallel component of the electric field under X-mode heating is generated. Apart from 29 

the leakage to O-mode, results by Wang et al. [2016] do not explain the potential mechanisms for 30 

PDI and OTSI and add nothing to understanding the physical factors accounting for parametric 31 

instability generated by an X-mode HF pump wave.  32 

 33 

 34 

35 



1. Introduction 36 

 37 

The growing body of X-mode experiments at the EISCAT (European Incoherent Scatter 38 

Scientific Association) HF heating facility with the use of various multi-instrument diagnostics 39 

showed that extraordinary (X-mode) powerful HF radio waves are capable of producing a strong 40 

modification of the high latitudinal ionospheric F-region, including the generation of the 41 

artificial field-aligned irregularities (FAIs) [Blagoveshchenskaya et al., 2011a; b; 2013], optical 42 

emissions at red (630 nm) and green (557.7 nm) lines [Blagoveshchenskaya et al., 2014], 43 

various spectral components in the narrowband SEE (stimulated electromagnetic emission) 44 

spectra [Blagoveshchenskaya et al., 2015]. Considerable study has been given to the HF-45 

enhanced ion and plasma lines (HFILs and HFPLs) from the EISCAT UHF radar spectra excited 46 

under X-mode heating, which are the signatures of the ion acoustic and Langmuir electrostatic 47 

waves) [Blagoveshchenskaya et al., 2014; 2015]. This is evidence for the generation of the 48 

parametric decay instability (PDI). The appearance of a nonshifted component in the ion line 49 

spectrum is indicative of the excitation of the oscillating two- stream instability (OTSI). It was 50 

also found that, generally, the X-mode HFILs and HFPLs demonstrate similar behavior and 51 

features in the overdense and underdense ionosphere (when the pump frequency is below and 52 

above the critical frequency foF2) [Blagoveshchenskaya et al., 2014; 2015]. It is significant that 53 

all the X-mode phenomena mentioned above are only excited when the extraordinary HF pump 54 

wave is radiated towards the magnetic zenith [Blagoveshchenskaya et al., 2015].  55 

 Some theoretical investigations, related to the excitation of parametric instabilities by the 56 

X-mode waves have been carried out. Fejer and Leer [1972] suggested that parametric 57 

electromagnetic instability could be excited when the HF pump wave has extraordinary 58 

polarization. Here the exciting wave has an extraordinary polarization and the excited high 59 

frequency wave has the ordinary polarization. Both are electromagnetic waves in this case. 60 

Vas’kov and Ryabova [1998] proposed that extraordinary HF heating wave can generate the 61 



upper hybrid (UH) waves as well as enhancements of low frequency plasma waves as a result of 62 

pump-induced scattering by ions. Fejer and Leer [1972] demonstrated that an X-mode pump 63 

wave is capable of exciting electrostatic waves in the Bernstein mode whose propagation vector 64 

is normal to the external magnetic field and whose frequency is that of the incident wave. 65 

Further, Sharma et al. [1994] proposed the parametric decay instability of X-mode heating 66 

waves into electrostatic electron Bernstein (EB) and ion Bernstein (IB) waves. 67 

In their recent article Wang et al. [2016], from now called on WANG2016, claim to 68 

investigate the potential mechanisms and to understand the physical factors accounting for 69 

parametric decay instability (PDI) and oscillating two-stream instability (OTSI) generated by an X-70 

mode HF pump wave by analyzing the HF-enhanced ion and plasma lines (HFILs and HFPLs) from 71 

EISCAT UHF radar observations. For this purpose they used the UHF incoherent scatter radar 72 

observations obtained in the course of three Russian EISCAT X-mode heating experiments on 73 

October 19, 2012, February 21 and October 22, 2013. WANG2016 distinguished the O- and X-74 

mode parametric instability in accordance with the different reflection altitudes of the O- and X-75 

mode HF pump wave. Their reflection heights were determined from ionosonde observations 76 

(ionograms) between heater pulses. The threshold electric field for the parametric decay instability 77 

excited by an X-mode pump wave is also investigated and compared with the experimental 78 

observations.  79 

In this comment we demonstrate that analysis and interpretation of our EISCAT heating 80 

experiments described by WANG2016 is flawed. We also show that the separation of O- and X 81 

mode effects used by WANG2016 is incorrect. The separation of the O- and X-mode effects plays 82 

a crucial role in further analysis of the PDI and OTSI. The subsequent analysis by WANG2016 fails 83 

if such separation is incorrect. We present the separation procedure of the HF-induced ion and 84 

plasma lines excited by the X-and O-mode pump waves based on the specific features and 85 

distinctions between the UHF radar spectra. Then we briefly analyze the UHF radar observations 86 

in the course of O/X mode Russian EISCAT HF heating experiments described by WANG2016 87 

with the use of the proposed UHF radar spectra separation. We then review WANG2016 step by 88 



step to disclose the flaws and failures of their analysis of observations, separation of the O-and 89 

X-mode effects, and analysis of parametric decay instability excited by the extraordinary HF 90 

pump wave. 91 

 92 

2. The separation of the X- and O-mode effects from EISCAT UHF radar 93 

spectra  94 

 95 

Below we present experimental results showing the distinctive features and behaviors of 96 

HF-enhanced ion and plasma lines (HFILs and HFPLs) induced by extraordinary and ordinary 97 

polarized HF pump waves in the course of our experiment on February 21, 2013 (case 3 by 98 

WANG2016). An overview of phenomena from the EISCAT UHF radar observations in the 99 

course of an alternating O/X-mode heating experiment on February 21, 2013 from 12.12 to 14.30 100 

UT is shown in Figure 1. Remember that HF pumping was produced towards the magnetic 101 

zenith with the effective radiated power of about 530 MW at heater frequency of 7.1 MHz with 102 

alternating O/X-mode polarization. In the course of the experiment the heater frequency was 103 

near or just above the critical frequency of the F2 layer. Fig. 1 illustrates the behavior of electron 104 

density and temperature (Ne and Te), undecoded downshifted plasma line power, and 105 

backscatter power (labeled as raw electron density) obtained from “raw” radar data with 30 s 106 

integration time. As seen from Fig. 1, strong backscatter power (the bottom panel), which points 107 

to the excitation of HF-enhanced ion lines, was observed in all O- and X- mode transmission 108 

pulses with the exception the last X-mode pulse from 14:16 – 14:26 UT, when fof2 quickly 109 

dropped. From ionosonde records which were used for the separation of the O-and X-mode 110 

effects in all analyzed cases, WANG2016 concluded that O-mode pump wave is not reflected 111 

from the ionosphere from 12:01 UT to 14:26 UT.  112 

The excitation of X-mode HFILs was accompanied by strong HF-enhanced downshifted 113 

plasma lines observed throughout the whole heating pulse. The other situation was realized for 114 



O-mode cycles, in which the excitation of HFPLs took place only as response to the heater turn 115 

on in cycles from 12:31 – 12:41 and 13:01 – 13:11 UT. In the course of O-mode cycles from 116 

13:31 – 13:41 UT and 14:01 -14:11 UT, HFPLs were observed sporadically. Here the HF heating 117 

wave starts partly to penetrate out the ionosphere that leads to strong and specific effects in the 118 

HFILs behavior and sporadic appearance of HFPLs. In fact, the experiment on February 21, 119 

2013 is not typical at all, as WANG2016 concluded. Moreover, this experiment is not typical 120 

even in the stable ionosphere from 12:10 to 13:30 UT. As seen from Fig. 1, the altitude of the X-121 

mode HFILs was higher than the altitude of appearance of the O-mode HFILs throughout the 122 

time interval from 12:10 to 13:30 UT. Note, that we did not analyze the first O-mode pulse 123 

from12:01 – 12:11 UT owing to tuning up the HF heater at Tromsø.  124 

Further we present results of the analysis in detail and comparison between the plasma 125 

and ion line spectra derived from “raw” UHF radar data with 5 s time resolution, excited by O- 126 

and X-mode heating wave for experiment on February 21, 2013. We have chosen and compared 127 

two consecutive heater pulses at heater frequency fH = 7.1 MHz from 12:46 – 12:12.56 UT (X-128 

mode) and 13:01 – 13:11 UT (O-mode) and at fH = 5.423 MHz from 14:31 – 14:41 (O-mode) 129 

and 14:46 – 14:56 UT (X-mode). The main attention is paid to the growth time of HFPLs and 130 

HFILs after the heater is turned on. Figure 2 shows the behavior of maximum power of HF-131 

enhanced downshifted plasma lines and upshifted and downshifted ion lines (on a logarithmic 132 

scale) on February 21, 2013 at fixed altitudes during 30 s before and 2 min after the heater onset 133 

for O- and X-mode heating at frequencies of 7.1 MHz (Fig. 2a) and 5.423 MHz (Fig. 2b). The 134 

power of the HFPLs and HFILs was found as the maximum in spectra derived every 5 s with 3 135 

km altitude steps.  136 

From Fig. 2a it is clearly seen that the turn on of the ordinary polarized HF pump wave at 137 

frequency of 7.1 MHz is accompanied by the abrupt increase of the intensity of the downshifted 138 

plasma line (HFPL) and upshifted  and downshifted ion lines (HFILUP and HFILDOWN). They 139 

reached the maximum in the first 5 s data dump and then decay in the next few data dumps. It is 140 



the classic signature of the resonance parametric decay instability (PDI) [Perkins et al., 1974; 141 

Fejer, 1979; Hagfors et al., 1983; DuBois et al., 1990; Stubbe et al., 1992; Gurevich et al., 2004; 142 

Kuo, 2015] when the O-mode HF pump wave decays into the Langmuir and ion-acoustic waves 143 

near the reflection height of O-mode wave. PDI develops from the “cold” start, acts over few 144 

milliseconds of heating and can be recognized in the EISCAT UHF radar spectra in the first few 145 

5s data dumps as HF-enhanced plasma and ion lines (initial overshoots) [Robinson, 1989]. 146 

Thereafter Langmuir and ion-acoustic waves are normally quenched by fully generated artificial 147 

small-scale field-aligned irregularities (FAIs) preventing further generation of the PDI [Stubbe, 148 

1996]. However, under high effective radiated power, the reappearance of enhanced ion and 149 

plasma lines can occur after overshoots [Dhillon and Robinson, 2005; Mishin et al., 2016]. Such 150 

a situation was observed during the O-mode pump pulse at fH = 7.1 MHz when HF-enhanced 151 

upshifted and downshifted ion lines reappeared (see Fig. 2a, top panel).  152 

Behaviour of the enhanced plasma and ion line backscatters for X-mode pulse at fH = 7.1 153 

MHz differs radically from the O-mode one. As seen from Fig. 2a (bottom panel), HF-enhanced 154 

plasma and ion lines appeared not from the “cold” start, that is observed for O-mode, but 15 s 155 

later. Thereafter their power was gradually increased reaching a maximum within about 1 min.  156 

The analogous behaviour of the HF-enhanced ion and plasma line power was observed 157 

for O- and X-mode heating pulses at heater frequency of 5.423 MHz (see Figure 2b). An 158 

important point is that the heater frequency fH = 5.423 MHz is close the fourth electron gyro-159 

harmonic frequency, in the vicinity of which FAIs are suppressed. This results in the HF-160 

enhanced plasma and ion lines being quenched by FAIs to a smaller degree [Stubbe, 1996]. This 161 

is clearly seen from the behaviour of HF-enhanced upshifted and downshifted ion lines (see Fig. 162 

2b, top panel). As for X-mode pulse (fig. 2b, bottom panel), the enhanced plasma and ion lines 163 

appeared with time delay of about 1 min after the heater is turned on (T0). Thereafter they 164 

gradually increased reaching a maximum after 2 min from T0.  165 



 Let’s further consider the plasma and ion line spectra for O- and X-mode heating which 166 

were derived from raw EISCAT UHF radar data at five fixed altitudes with 5 s resolution. 167 

Figures 3 and 4 show the downshifted plasma line spectra and ion line spectra at 5 altitudes for 168 

different times after the heater onset taken on February 21, 2013 at heater frequency fH = 7.1 169 

MHz for the same the O- and X-mode heating pulses as in Fig. 2a. Fig. 3a and b illustrate plasma 170 

line spectra for O-and X-mode pulses respectively and Fig. 4a and b depict ion line spectra.  171 

The intense downshifted plasma line spectrum appeared as immediate response to the O-172 

mode pump onset and was seen in the first 5 s UHF radar data dump (13:01:05 UT). It possess 173 

the sharp peak shifted by the ion-acoustic frequency (“mother” Langmuir wave) and three 174 

intense downshifted cascade lines, so called “daughter” Langmuir waves. In the next two 5 s 175 

dumps the O-mode plasma line spectra decayed and moved to a lower altitude.  176 

An X-mode downshifted plasma line spectrum appeared within 15 s after the onset of HF 177 

pumping at an altitude of 225 km, which is 3 km higher as compared with the initial appearance 178 

of O-mode enhanced plasma lines. Then the intensity of plasma line spectra gradually increased 179 

and reached the maximum at 12:47:40 UT (after 100 s of HF pumping). At 12:48:50 UT the 180 

most intense plasma line spectrum moved to 228 km. Not too strong cascade lines in the X-mode 181 

plasma line spectra can be also recognized.  182 

 O-mode ion line spectra (Fig. 4a), similar to the downshifted plasma line spectra, initially 183 

appeared at 13:01:05 UT in the first 5 s UHF radar data dump. They possess a strong peak at 184 

zero frequency and two intense shoulders, upshifted and downshifted from zero frequency by the 185 

ion-acoustic frequency. The presence of the peak at zero frequency in the UHF radar ion line 186 

spectrum indicates the excitation of oscillating two-stream instability (OTSI) [Kuo et al., 1997]. 187 

Thereafter the ion line backscatter moved to lower altitudes from 225 km at 13:01:05 UT to 207 188 

km at 13:01:50 UT, but its intensity was less as compared with the HF pump onset. Such 189 

descending ion line backscatter under O-mode heating was often observed at EISCAT/Heating 190 

facility and HAARP [Dhillon and Robinson, 2005; Ashrafi et al., 2007; Mishin et al., 191 



2016].Notice that from 13:01:50 UT the ion line spectra appeared also at an altitude of 204 km 192 

(not shown in Fig. 4a). From 13:02:10 UT their intensity was approximately the same as at 207 193 

km. Ion line spectra were observed throughout the whole O-mode pump pulse.   194 

 An X-mode ion line backscatter developed at 12:46:15 UT within 15 s after the onset of 195 

HF pumping (see Fig.4b). The spectra exhibit only upshifted shoulders at altitudes of 219, 222, 196 

and 225 km (with the maximum at 222 km) and only downshifted shoulders at 207 km. 197 

Thereafter their intensity gradually increased at altitudes of 222 and 225 km. From 12:46:35 UT 198 

the most intense ion line backscatter shifted 3 km higher to 225 km which is the altitude of initial 199 

excitation of ion-acoustic waves under the O-mode heating (see Fig. 4a). After 70 s pumping 200 

(12:47:10 UT) ion line spectra at 222 and 225 km possess upshifted and downshifted shoulders 201 

together with weak zero component. The intensity of the ion line spectra, similar to the plasma 202 

line spectra, reached the maximum at 12:47:40 UT (after 100 s of HF pumping).  203 

 Figures 5 and 6 present the downshifted plasma line spectra and ion line spectra at five 204 

altitudes for different times after the onset of HF pumping taken on February 21, 2013 at heater 205 

frequency fH = 5.423 MHz for the same O- and X-mode pulses as in Fig. 2b. Spectra are shown 206 

in the same manner as in Fig. 3 and 4. As a whole, the distinctive features and behavior at times 207 

of O- and X-mode plasma and ion line spectra are similar to those observed at heater frequency 208 

fH = 7.1 MHz. Namely, strongly enhanced ion and plasma line spectra under O-mode HF 209 

pumping appeared from the “cold” start immediately after the onset of HF heating and were seen 210 

in the first 5 s radar data dump. Thereafter the ion line backscatter layer descended to lower 211 

altitudes. The persistent O-mode ion line backscatter was observed both at fH = 7.1 MHz and fH 212 

= 5.423 MHz.  213 

The X-mode ion and plasma lines developed with a time delay relatively to the onset of 214 

HF heating. After appearance, their intensity gradually increased. However, there are some 215 

specific features at the pump frequency fH = 5.423 MHz as compared with the 7.1 MHz case. 216 

The strength of the ion line spectra did not decay too much through the O-mode heating pulse. 217 



This is explained by the proximity of the pump frequency to the fourth electron gyro-harmonic 218 

frequency, where FAIs are suppressed and ion lines are quenched to a smaller degree. As for the 219 

X-mode pulses, HF-enhanced ion and plasma lines developed after much longer delay time of 220 

about 60 s. The X-mode plasma and ion line spectra exhibit a very strong zero component, 221 

pointing to the OTSI excitation.  222 

 We have also considered the behavior and features of plasma and ion line spectra derived 223 

from the EISCAT UHF “raw” data with 5 s temporal resolution on October 22, 2013 (case 1 224 

from WANG2016). As example, Figure 7 presents the downshifted plasma line spectra (a) and 225 

ion line spectra (b) at five altitudes for different times after the onset of pumping taken at heater 226 

frequency fH = 7.1 MHz for the X-mode pulse from 16:01 – 16:11 UT. As seen from Fig. 7, the 227 

plasma and ion line spectra clearly revealed features typical for X-, but not for O-mode pumping. 228 

Their intensities gradually increased and reached a maximum at 16:01:50 UT within 50 s after 229 

the heater on, while in the course of O-mode heating the strongly enhanced ion and plasma line 230 

spectra appeared from the “cold” start in the first 5 s radar data dump. The specific feature in the 231 

behavior of ion line spectra was the presence of two maxima at different altitudes in the 232 

downshifted ion line intensities (see Fig. 7b). The first maximum is located at 228 km and the 233 

second one is at a height of 237 km. The same feature was often observed in a large body of X-234 

mode experiments carried out at pump frequencies both below the critical frequency of the F2 235 

layer, fH ≤ foF2 and above foF2, fH > foF2 [Blagoveshchenskaya et al., 2014; 2015].  236 

 To summarize, the comparison between the X- and O-mode plasma and ion line spectra 237 

derived with 5 s resolution clearly exhibits the radical differences that allows us to distinguish 238 

correctly the HF-enhanced plasma and ion lines (HFPLs and HFILs) excited by the X- and O-239 

mode HF pump waves.  240 

 241 

3. The analysis of Wang et al. (2016) and where it fails 242 

 243 



 The flaws in the analysis of the parametric instability induced by X-mode HF pump wave 244 

by WANG2016 are now described step by step in the following section. 245 

 246 

HFPLs and HFILs excited by O- and X-mode pump waves cannot be separated in EISCAT UHF 247 

radar spectra. 248 

Comment: We propose you can distinguish the O- and X-mode effects according to the 249 

behavior in time after the onset of HF pumping and specific features of the HF-enhanced plasma 250 

and ion line spectra. The radical difference between the X- and O-mode plasma and ion line 251 

spectra derived with 5 s resolution was clearly demonstrated in Section 2 and Figs. 2 - 7. 252 

Namely, under O-mode HF pumping the abrupt enhancements in the ion and plasma line power 253 

in spectra appeared from the “cold” start just immediately after the onset of HF heating and were 254 

seen in the first 5 s radar data dump. Thereafter Langmuir and ion-acoustic waves are normally 255 

quenched by fully generated artificial small-scale field-aligned irregularities (FAIs) preventing 256 

further generation of the PDI [Stubbe, 1996]. However, under high effective radiated power the 257 

reappearance of enhanced ion and plasma lines can occur after overshoots. Such a situation was 258 

observed during the O-mode pump pulse at fH = 7.1 MHz when HF-enhanced upshifted and 259 

downshifted ion lines reappeared (see Fig. 2a, top panel and Fig. 4a).  260 

The X-mode ion and plasma lines developed with a time delay relative to the onset of HF 261 

heating. After appearance, their intensity gradually increased and reached a maximum within 262 

about 1 min or even longer. Plasma and ion line backscatter, coexisting with the strong artificial 263 

field-aligned irregularities, were observed through the whole transmission pulse 264 

[Blagoveshchenskaya et al., 2014; 2015]. 265 

 266 

The leakage to O-mode wave at least 2% - 3% ERP under X-mode heating in the course of the 267 

experiment on October 22, 2013. 268 



 Comment: In the course of the experiment on October 22, 2013 the effective radiated 269 

power of the X-mode wave varied between 540 and 548 MW with peak gain at azimuth Az 180° 270 

and Zen 12° (transmission was produced to the magnetic zenith, MZ). The leakage to O-mode 271 

was about 10 MW with peak gain at Az 359° and Zen 27°. It means that the transmission of the 272 

O-mode wave occurred to the northward direction under low elevation angles, but not to the MZ, 273 

confirming that the leakage effect did not exceed 1%.  274 

 275 

The HFILs and HFPLs excited by O- or X-mode cannot be separated in the spectrum due to the 276 

power leakage problem. 277 

Comment: The power leakage effect to O-mode wave in the course of the X-mode HF 278 

heating can be easily recognized from the growth time and specific features of the plasma and 279 

ion line spectra. Even if the power leakage is enough to exceed the excitation threshold of the 280 

PDI, the abrupt enhancements in the ion and plasma line power in spectra would appear just 281 

immediately after the onset of HF heating in the first 5 s radar data dump. In the next few 5 s 282 

radar data dumps they are quenched by fully generated FAIs. If the leakage effect is negligibly 283 

small, we would expect the appearance of the X-mode plasma and ion line with a time delay 284 

relative to the onset of HF heating. After appearance their power would gradually enhance, 285 

reaching a maximum within about 1 min. 286 

 287 

The parametric instability excited by O/X-mode pump wave in the course of the X-mode heating 288 

can be distinguished according to the different excitation heights.  289 

 Comment: WANG2016 separated the O- and X-mode effects according to the height of 290 

the reflection for O-and X-mode waves taken from ionograms recorded between heater pulses. In 291 

the course of the X-mode experiment on October 22, 2013 (case 1 by WANG 2016) downshifted 292 

HF-enhanced ion lines were excited at two different altitudes. They concluded that two 293 

downshifted HFILs at different heights were produced by the X- and O-mode pump waves. 294 



Because of that they attributed the downshifted ion line at the O-mode reflection height to the 295 

small leakage to the O-mode during X-mode heating. As shown in Section 2, in this case the O-296 

mode typical features should be observed near the reflection altitude in the first 5 s radar data 297 

dump (see Fig. 2a, 3a, and 4a). The simultaneous appearance of two downshifted ion lines at 298 

different altitudes is a typical feature in a large number of our EISCAT X-mode experiments 299 

carried out both at pump frequencies fH < foF2 and fH > foF2 [Blagoveshchenskaya et al., 2014; 300 

2015]. In the latter case even the small O-mode leakage is completely excluded. 301 

However, the analysis of the 5 s UHF radar plasma and ion line spectra on October 22, 302 

2013 clearly revealed features typical for X-mode pumping (see Fig. 7 in Section 2). 303 

It is important that the excitation of the PDI and /or OSTI requires a parallel electric field of the 304 

HF pump wave near the reflection altitude. However, the electric field of an X-mode wave is 305 

perpendicular to the magnetic field. We could suggest that some effective mechanism at the 306 

reflection height of the X-mode wave is acting, providing the conversion of the transverse 307 

electric field into the parallel one. For example, Fejer and Leer [1972] suggested that an exciting 308 

X-mode HF pump wave at the reflection height could be converted into the excited O-mode 309 

electromagnetic wave through the electromagnetic instability. Other conversion mechanisms 310 

could also act during the X-mode heating. More careful studies, both theoretical and 311 

experimental, are required in order to find out the mechanisms of the partial conversion of the 312 

transverse electric field of the X-mode pump wave into the parallel electric field. The excited 313 

wave with the parallel electric field can penetrate to the transformation point near the O- or Z-314 

mode reflection altitude and produce PDI / OTSI.  315 

 316 

The analysis of alternating O/X-mode experiment on October 19, 2012 (case 2 from 317 

WANG2016).  318 

Comment: The Figure 2 by WANG2016 is not consistent with observational facts. 319 

Overview of the undecoded downshifted plasma line power and backscatter power (raw electron 320 



density) obtained from the EISCAT UHF “raw” radar data with 20 s integration time in the 321 

course of the alternating O/X-mode heating experiment on October 19, 2012 from 17 to 19 UT 322 

clearly demonstrated the appearance of HF-enhanced ion and plasma lines for every O- and X-323 

mode pulse except the last O-mode heater pulse from 18:46 – 18:56 UT. It is important that in 324 

the course of every transmission pulse the UHF radar was scanned in elevation angle between 76 325 

– 80° with 1° steps every two minutes. The strongest HFPLs and HFILs were observed in the 326 

vicinity of the magnetic field-aligned direction at Tromsø (77-79°). At pump frequency fH = 6.2 327 

MHz the enhanced backscatter was observed in every transmission pulse. To the end of the O-328 

mode pump pulse from 17:31 – 17:41 UT the heater wave penetrated out the ionosphere, but in 329 

the next X-mode pulse from 17:46 – 17:56 UT, when fH exceeded the critical frequency foF2 (fH 330 

> foF2), sufficiently strong enhanced plasma and ion lines were excited near magnetic zenith (77 331 

- 79°). At pump frequency fH = 5.423 MHz relatively strong HFILs and HFPLs were excited 332 

during the X-mode pulse from 18:01 – 18:11 UT and much weaker signatures only near the 333 

magnetic zenith can be seen from 18:31 – 18:41 UT. The O-mode HF pump wave penetrated out 334 

the ionosphere during the cycle from 18:16 – 18:26 UT. What is revealed from Figure 2 by 335 

WANG2016? They found the only X-mode transmission pulse in which HF-enhanced plasma 336 

and ion lines were observed. However, the HFILs were also observed in the preceding O-mode 337 

pulse that is not shown in Figure 2 by WANG 2016. The comparison between the O- and X-338 

mode effects and the excitation of the PDI and OTSI near the reflection altitude of the X-mode 339 

HF pump wave for the same pump pulses has already been shown by Blagoveshchenskaya et al. 340 

[2014].  341 

 342 

The O-mode HF pump wave penetrates out the ionosphere according to the ionosonde records 343 

(Case 3 by WANG2016). 344 

Comment: In the course of the experiment on February 21, 2013 the HF-enhanced plasma 345 

and ion lines at pump frequency of 7.1 MHz were produced by both the O- and X-mode HF 346 



pump wave, as shown in Section 2 and Fig. 1. Thus, the O-mode wave was certainly reflected 347 

from the ionosphere. This confirms that reflection altitudes of the O-and X-mode waves, 348 

obtained from the ionosonde records between the transmission pulses, whilst it provides a rough 349 

measure of such altitudes, can be incorrect, and cannot be used for the separation of the O- and 350 

X-mode effects.  351 

 352 

Strong HF-induced plasma and ion lines at pump frequency of 7.1 MHz were observed near the 353 

reflection height of the X-mode wave (Case 3 by WANG2016). 354 

 Comment: It is not evident at what altitudes they were excited. In Section 2 we presented 355 

results of the analysis in detail and comparison between plasma and ion line spectra derived from 356 

“raw” UHF radar data with 5 s time resolution, excited by O- and X-mode heating wave at pump 357 

frequency of fH = 7.1 MHz (see also Figs. 2a, 3 and 4). As seen from Fig. 3, the X-mode 358 

downshifted plasma line spectrum appeared within 15 s after the onset of HF pumping (T0) at an 359 

altitude of 225 km, which is 3 km higher as compared with the initial appearance of the O-mode 360 

plasma line spectrum in the first 5 s radar data dump. The X-mode ion line spectrum, similar to 361 

the plasma line spectra, also appeared within 15 s after T0 at the same altitudes as the O-mode 362 

ion line spectrum in the first 5 s radar data dump (see Fig. 4). Therefore it is not possible to 363 

separate the O- and X-mode effects according their reflection heights from ionosonde records 364 

between heater pulses as was done by WANG2016. However, the evolution in time of enhanced 365 

plasma and ion line spectra after T0 and their spectral features, provide sufficient evidence to 366 

clearly distinguish the O-and X-mode effects. 367 

 368 

Ascending and descending HFPL and HFIL echoes observed at X-mode heating (Case 3 by 369 

WANG2016). 370 

Comment: Ascending and descending echoes of the HFPLs and the HFILs by 371 

WANG2016 observed at X-mode heating periods from 13:16 - 13:26 UT and 13:46 - 13:56 UT, 372 



were caused by background ionospheric changes. From 13:16 - 13:26 UT the background 373 

ionosphere dropped and reflection altitudes increased. In the course of the pump pulse from 374 

13:46 - 13:56 UT the background ionosphere enhanced and reflection altitudes decreased. This 375 

has nothing to do with descending structures observed at the EISCAT/Heating and HAARP 376 

under O-mode pumping which were reported and discussed by Dhillon and Robinson [2005], 377 

Ashrafi et al. [2007], and Mishin et al. [2016]. However, such descending ion line backscatter 378 

was observed at O-mode pumping at pump frequencies of 7.1 and 5.423 MHz on February 21, 379 

2013 and clearly recognized from Figs. 4 and 6 in Section 2. 380 

 381 

The absence of HFPLs at O-mode pumping (case 3 by WANG2016). 382 

Comment: Such statement is incorrect. The intense HF-enhanced plasma lines under O-383 

mode heating at frequencies of 7.1 and 5.423 MHz were observed in the first 5 s UHF radar 384 

dump as shown in section 2 (see Fig. 2a and b, top panels, and Figs. 3a and 5a). 385 

 386 

The electron temperature increased in every transmission pulse (Case 3 by WANG2016). 387 

Comment: Intense HF-enhanced ion lines were excited through the experiment on 388 

February 21, 2016. This does not make it possible to perform the proper estimations of the 389 

electron temperature (Te) at the resonance altitude due to a high residual to the fitting. 390 

Estimations of Te in the course of the alternating O/X-mode EISCAT heating experiment, when 391 

HFILs were not excited, were performed by Blagoveshchenskaya et al. [2015]. It was shown that 392 

under X-mode heating the Te increases were weak (about 20 % above the background values), 393 

when the heater frequency was below the critical frequency foF2, and increased up to 50%, when 394 

fH exceeded foF2. At the same time the O-mode heating demonstrated very strong Te increases 395 

up to 300 %, when fH ≤ foF2. 396 

 397 



Figure 3 demonstrates the behavior of HFPLs and HFILs in the course of alternating O/X-mode 398 

heating experiment on February 21, 2013 (Case 3 by WANG2016).  399 

Comment: The Figure 3 by WANG2016 is not consistent with observational facts (see 400 

comments above for Case 3 by WANG2016). 401 

 402 

Table 1 summarizes the parametrically excited plasma waves observed in three cases. 403 

Comment: The presence of downshifted HFPLs, upshifted, downshifted, and zero-offset 404 

ion lines in Table 1 is incorrect (see all comments above and Section 2).  405 

 406 

The parallel electric field threshold for PDI and OTSI excitation. 407 

Comment: Equations (9) and (10) by WANG2016 are appropriate to the case of “classic” 408 

resonance parametric decay instability / oscillating two-stream instability excited from the “cold” 409 

start as an immediate response to the pumping onset and seen as overshoot in the first few radar 410 

data dumps. Thereafter Langmuir and ion-acoustic waves are normally quenched by fully 411 

generated FAIs preventing further generation of PDI [Stubbe, 1996]. It is realized under O-mode 412 

HF pumping at heater frequencies fH ≤ foF2. It is important that the O-mode FAIs at EISCAT 413 

were generated for effective radiated power ERP < 4 MW O-mode waves [Wright et al., 2006]. 414 

The radically different behavior of the persistent Langmuir and ion-acoustic waves are 415 

typical for the X-mode HF pumping. They are excited, both at fH ≤ foF2 and foF2< fH ≤ fxF2, 416 

not from the “cold’ start, their intensity gradually enhanced reaching a maximum within 1 min. 417 

This clearly demonstrates the other type of the parametric instability which, most likely, could be 418 

of non-resonance type and requires higher electric field threshold. More careful studies, both 419 

theoretical and numerical, are needed in order to detail the processes and mechanisms of the 420 

partial conversion of the X-mode into O- and Z-mode. How the parallel component of the 421 

electric field under X-mode heating is generated, however, is not discussed and explained. 422 

Unfortunately, besides of the leakage to O-mode, results by WANG2016 do not explain the 423 



potential mechanisms for PDI and OTSI and don’t add any ideas to understanding the physical 424 

factors accounting for parametric instability generated by an X-mode HF pump wave.  425 

 426 

Thresholds of the parallel electric field for the PDI and OTSI excitation in Table 2.  427 

Comment: Thresholds derived from Eq. (9) and (10) would hold for the classic resonance 428 

PDI and OTSI excited as immediate response to the onset of heating (overshoot in the first few 5 429 

s radar data dumps) and are typical only for O-mode pumping at fH ≤ foF2. The same is true for 430 

Figure 4 by WANG 2016. 431 

 432 

4. Summary 433 

 434 

By analyzing the observations from EISCAT, WANG2016 claim to explain the potential 435 

mechanisms for parametric decay instability (PDI) and oscillating two-stream instability (OTSI) and 436 

to understand the physical factors accounting for parametric instability generated by an X-mode 437 

HF pump wave. Their analysis of the EISCAT observations is flawed, and their conclusions are 438 

based on the incorrect separation of the X- and O-mode effects. The serious limitation in their 439 

analysis and interpretation of the PDI/OTSI is the use of 30 s integration time of the UHF radar data.  440 

 The analysis fails to the following specific reasons: 441 

(1) WANG2016 claim that HF-enhanced plasma and ion lines (HFPLs and HFILs) 442 

excited by O- and X-mode pump waves cannot be separated in the EISCAT UHF radar spectra. 443 

The fact is, however, that there is a radical difference between the X- and O-mode plasma and 444 

ion line spectra derived with 5 s resolution and their growth time after the onset of HF pumping. 445 

That provides the correct separation of the X- and O-mode effects.   446 

(2) The leakage to the O-mode wave in the course of the X-mode experiment on October 447 

22, 2013 was estimated by 2-3%, but the real leakage is certainly less by 1% taking into account 448 

the direction of the leakage power radiation. Moreover, even if the power leakage is enough to 449 



exceed the PDI excitation threshold, the specific changes in the plasma and ion line spectra 450 

typical for O-mode heating which allow to correctly distinguish the O- and X-mode effects will 451 

occur. Analysis of the 5s UHF radar plasma and ion line spectra on October 22, 2013 clearly 452 

revealed features typical for X-mode pumping.  453 

(3) WANG2016 distinguished the parametric instability excited by O- /X-mode heating 454 

waves according to the different excitation heights. The reflection altitudes were determined 455 

from the ionograms taken between heater pulses. However, this provides only a rough measure 456 

of altitudes, can be incorrect, and cannot be used for the separation of the O- and X-mode 457 

effects.   458 

(4) Figures 2 and 3, Table 1 showing the results by WANG2016 on October 19, 2012 and 459 

February 21, 2013 are completely inconsistent with real observational facts of HF-enhanced 460 

plasma and ion lines (HFPLs and HFILs).  461 

(5) WANG 2016 claim that the O-mode HF pump wave at pump frequency of 7.1 MHz 462 

penetrates the ionosphere according to the ionosonde records during the experiment on February 463 

21, 2013 which, however, is not representative of the real ionosphere.  464 

(6) WANG2016 claim that the HFPLs at O-mode pumping were not generated. The fact 465 

is, however, that very intense plasma line spectra were observed in the first 5 s EISCAT UHF 466 

radar dump both at frequencies of 7.1 and 5.423 MHz on February 21, 2013.  467 

(7) They claimed that the strong HFPLs and HFILs at pump frequency of 7.1 MHz on 468 

February 21, 2013 were observed near the reflection height of the X-mode wave. However the 469 

fact is that the X-mode ion line spectrum appeared within 15 s after T0 at the same altitude as the 470 

O-mode ion line spectrum in the first 5 s radar data dump.  471 

(8) Ascending and descending echoes of the HFPLs and the HFILs, observed by 472 

WANG2016 at some X-mode heating periods on February 21, 2013 were caused by the 473 

background ionospheric changes. This has nothing to do with descending structures previously 474 

observed at the EISCAT/Heating and HAARP under O-mode pumping. 475 



(9) WANG2016 state that the electron temperature increased in every transmission pulse 476 

in the course of the experiment on February 21, 2013. However, it is not possible to perform 477 

proper estimations of the electron temperature at the resonance altitude due to a high residual to 478 

the fitting induced by intense HF-enhanced ion lines excited through the experiment.  479 

(10) Thresholds of the parallel electric field for the PDI and OTSI excitation derived by 480 

WANG2016 would hold for the classic resonance PDI and OTSI excited as immediate response 481 

to the onset of heating (overshoot in the first few 5 s radar data dumps) and are typical only for 482 

O-mode pumping at fH ≤ foF2. Radically different behavior of the persistent Langmuir and ion-483 

acoustic waves here are typical for the X-mode HF pumping excited, both at fH ≤ foF2 and foF2< 484 

fH ≤ fxF2. This clearly demonstrates the other type of the parametric instability which, most 485 

likely, could be of the non-resonance type. 486 

(11) How the parallel component of the electric field under X-mode heating is generated, 487 

however, is not discussed and explained. Unfortunately, besides of the leakage to O-mode, 488 

results by WANG2016 do not explain the potential mechanisms for PDI and OTSI and do not add 489 

any ideas to understanding the physical factors accounting for parametric instability generated by 490 

an X-mode HF pump wave. 491 

In short, the analysis of the parametric decay instability by WANG2016 is flawed. Their 492 

separation of O- and X mode effects is incorrect. However, the separation of the O- and X-mode 493 

effects plays a crucial role in further analysis of the parametric decay instability (PDI). The further 494 

analysis by WANG2016 fails if such separation is incorrect. Results by WANG2016 do not explain 495 

the potential mechanisms for PDI and OTSI and do not add any ideas to understanding the 496 

physical factors accounting for parametric instability generated by an X-mode HF pump wave. 497 

 498 
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Figure 1. The behavior of the electron density (Ne) and temperature (Te), undecoded 

downshifted plasma line power in the altitude range of 128 – 302 km, and the raw electron 

density (backscattered power) from EISCAT UHF radar measurements with 30 s integration 

time during alternating O/X-mode EISCAT HF heating experiment on February 21, 2013 from 

12:12 – 14:30 UT. HF pumping was produced towards the magnetic zenith with the effective 

radiated power of about 530 MW at heater frequency of 7.1 MHz by 10 min on, 5 min off pulses.  

The HF pump pulses and polarization of the heater wave are shown on the time axis. 

 



 

 

 

 

 



Figure 2. The maximum power of HF-enhanced downshifted plasma lines (HFPL), upshifted 

(HFILUP) and downshifted (HFDOWN) ion lines at three fixed altitudes during 30 s before and the 

first two min of the pump pulse for O- and X-mode pulses obtained from EISCAT UHF radar 

measurements on February 21, 2013. (a) Heater frequency of 7.1 MHz; (b) Heater frequency of 

5.423 MHz. The power of the HFPLs and HFILs was found as the maximum in spectra derived 

every 5 s with 3 km altitude steps. T0 denotes the onset of the transmission pulse. 

 



 

 

 

 



Figure 3. The downshifted plasma line spectra derived from the EISCAT UHF “raw” data with 5 

s resolution in time at five fixed altitudes for different times after the onset of HF pumping taken 

on February 21, 2013 at heater frequency fH = 7.1 MHz. (a)The O-mode transmission pulse with 

the onset at 13:01:00 UT. The scale of power was changed at 13:01:10 UT due to the strong 

decrease of the intensity of the downshifted plasma line spectra. (b) The X-mode pulse with the 

onset at 12:46:00 UT. The scale of power was changed at 12:46:50 UT due to the strong increase 

of the intensity of the downshifted plasma line spectra.  



 

 

 

 



Figure 4. The ion line spectra derived from the EISCAT UHF “raw” data with 5 s temporal 

resolution at five fixed altitudes for different times after the onset of HF pumping taken on 

February 21, 2013 at heater frequency fH = 7.1 MHz. (a) The O-mode transmission pulse with 

the onset at 13:01:00 UT. The scale of power was changed at 13:01:35 UT due to the decrease of 

the intensity of the downshifted plasma line spectra. (b) The X-mode pulse with the onset at 

12:46:00 UT. The scale of power was changed at 12:47:40 UT due to the increase of the 

intensity of the downshifted plasma line spectra. 



 

 

 

 



Figure 5. The downshifted plasma line spectra derived from the EISCAT UHF “raw” data with 5 

s temporal resolution at five fixed altitudes for different times after the onset of HF pumping 

taken on February 21, 2013 at heater frequency fH = 5.423 MHz. (a) The O-mode transmission 

pulse with the onset at 14:301:00 UT. (b) The X-mode pulse with the onset at 14:46:00 UT. The 

scale of power was changed at 14:47:15 due to strong increase of the intensity of the 

downshifted plasma line spectra.   



 

 

 

 



Figure 6. The ion line spectra derived from the EISCAT UHF “raw” data with 5 s temporal 

resolution at five fixed altitudes for different times after the onset of HF pumping taken on 

February 21, 2013 at heater frequency fH = 5.423 MHz. (a) The O-mode transmission pulse with 

the onset at 14:31:00 UT. (b) The X-mode pulse with the onset at 14:46:00 UT.  



 

 

 

 



Figure 7. Plasma and ion line spectra derived from the EISCAT UHF “raw” data with 5 s 

resolution in time on October 22, 2013 at five altitudes for different times after the onset of the 

transmission pulse at heater frequency fH = 7.1 MHz. (a) The downshifted plasma line spectra. 

(b) The ion line spectra. An extraordinary (X-mode) HF pump wave with the effective radiated 

power of about 550 MW was radiated towards the magnetic zenith from 16:01 – 16:11 UT. The 

scale of powers was changed at 16:01:50 UT due to strong increases of the power of plasma and 

ion line spectra. 

 


