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A UAV is a “powered aerial vehicle that does not carry a human operator” and can “fly autonomously or be pilot-
ed remotely.” A UAS consists of those systems necessary for the operation of the unmanned vehicle, including
ground control stations, control data links, and other related support equipment. “Unmanned Aircraft Systems/
Drones,” Harvard University, Risk Management and Audit Services, https://rmas.fad.harvard.edu/unmanned-air-
craft-systems-drones.

“Posture Statement of General Kenneth F. McKenzie, Commander, United States Central Command,” House
Armed Services Committee, April 20, 2021, http://docs.house.gov/meetings/AS/AS00/20210420/112498/HHR G-
117-AS00-Wstate-McKenzieK-20210420.pdf; see also Kenneth F. McKenzie Jr., Striking Back: Iran and the Rise
of Asymmetric Drone Warfare in the Middle East, Policy Note 128 (Washington DC: Washington Institute, 2023),
https:// www.washingtoninstitute.org/policy-analysis/striking-back-iran-and-rise-asymmetric-drone-warfare-mid-
dleeast.

“Department of Defense Counter-Unmanned Aircraft Systems,” Congressional Research Service, updated April
17, 2023, https://sgp.fas.org/crs/weapons/IF11426.pdf.

Ministry of Defense of the Russian Federation, “Three Echelons of Defense: How Antiaircraft Missile Defense
Works at Hmeimim Air Base” (in Russian), TASS: Russian News Agency, February 12, 2016, https://tass.ru/
armiya-i-opk/2650477.

Mason Clark, The Russian Military’s Lessons Learned in Syria (Washington DC: Institute for the Study of War,
2021), https://bit.ly/3JTp2h5. Russian forces “retuned” their radars to better detect smaller, slower, and lower-fly-
ing aircraft, enhancing their ability to detect drones. Uzi Rubin, “Iran’s Drones Tip the Balance of Power in the
Middle East,” Jerusalem Institute for Strategy and Security, January 1, 2022, https://jiss.org.il/fen/rubin-irans-
drones-tipthe-balance-of-power-in-mideast/.

On January 5, 2018, Russia thwarted an attack by a swarm of thirteen drones targeting its bases in Hmeimim
and Tartus. The Pantsir-S1 destroyed seven drones, while Russian soldiers seized control of the remaining six
using EW. Ridvan Bari Urcosta, “The Revolution in Drone Warfare: The Lessons from the Idlib De-Escalation
Zone,” Air Force Journal of European, Middle Eastern, and African Affairs (2020): 51, 62, https://www.airuniversi-
ty. af.edu/JEMEAA/Display/Article/2329510/the-revolution-in-drone-warfare-the-lessons-from-the-idlib-de-escala-
tion-zone/.

Syrian Pantsir-S1s shot down roughly ten Turkish drones in the first few days of Turkey’s Operation Spring
Shield, while the Buk-M2E destroyed about another twenty drones. Bari Urcosta, “The Revolution in Drone War-
fare.”

Ali Bakeer, “The Fight for Syria’s Skies: Turkey Challenges Russia with New Drone Doctrine,” Middle East
Institute, March 26, 2020, https://www.mei.edu/publications/fight-syrias-skies-turkey-challenges-russia-new-
drone-doctrine.

Heiko Borchert, Torben Schutz, and Joseph Verbovszky, Beware the Hype: What Military Conflicts in Ukraine,
Syria, Libya, Nagorno-Karabakh (Don’t) Tell Us About the Future of War (Hamburg: Defense Al Observatory,
2021), 44.

Antonio Calcara et al., “Why Drones Have Not Revolutionized War: The Enduring Hider-Finder Competition in Air
Warfare,” International Security 46, no. 4 (Spring 2022): 156, https://doi.org/10.1162/isec_a_00431.

“IRL257 Krasukha-4,” Army Recognition, April 18, 2022, https://www.armyrecognition.com/russia_russian_mil-
itary_field_equipment/krasukha-4_1rl257 broadband_multifunctional_jamming_station_electronic_warfare
system_technical_data_sheet_pictures_video_10610156.html.

Can Kasapoglu, “Turkey’s Drone Blitz over Idlib,” Jamestown Foundation, April 17, 2020, https://jamestown.org/
program/turkeys-drone-blitz-over-idlib/.

Bakeer, “The Fight for Syria’s Skies,” https://www.mei.edu/publications/fight-syrias-skies-turkey-challenges-
russia-new-drone-doctrine; Kasapoglu, “Turkey’s Drone Blitz over Idlib,” https://jamestown.org/program/tur-
keysdrone-blitz-over-idlib/.

Tom Cooper, “Drones Are Dropping Like Flies from the Sky over Syria,” War Is Boring, June 22, 2017, https://
warisboring.com/drones-are-dropping-like-flies-from-the-sky-over-syria/.

Turkey Relied on NATO-Compatible Equipment to Shoot Down Syrian Su-24 Planes,” DefenseMirror.com, March
3, 2020, https://www.defensemirror.com/news/26448/Turkey_ Relied_on_NATO_Compatible Equipment_to_
Shoot_Down_Syrian_Su_24 Planes#.ZEg LHbMKUI.

Calcara et al., “Why Drones Have Not Revolutionized War,” https://www.armyrecognition.com/russia_russian_
military_field_equipment/krasukha-4_1rl257_broadband_multifunctional_jamming_station_electronic_warfare
system_technical_data_sheet_pictures_video_10610156.html.

‘S:{QJ‘JJBb .- L"kasl_)-'l . ..S/. .'.|9 ..".. | PP



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

P

d Syl

Roman Kretsul and Alexey Ramm, “Shooting Drones Included in Combat Training” (in Russian), /zvestia, July
10, 2018, https://iz.ru/762715/roman-kretcul-aleksei-ramm/otstrel-dronov-vkliuchili-v-boevuiu-podgotovku.
Samuel Bendett, “Russia’s Real-World Experience Is Driving Counter-Drone Innovations,” Defense News, May
23, 2021, https://www.defensenews.com/opinion/commentary/2021/05/23/russias-real-world-experience-is-driv-
ing-counter-drone-innovations/.

Bendett, “Russia’s Real-World Experience,” https://www.defensenews.com/opinion/commentary/2021/05/23/ rus-
sias-real-world-experience-is-driving-counter-drone-innovations/; Kretsul and Ramm, “Shooting Drones,” https://
iz.ru/762715/roman-kretcul-aleksei-ramm/otstrel-dronov-vkliuchili-v-boevuiu-podgotovku.

While the Iranian drones used by the Houthis may cost $20,000 each, the U.S. Department of Defense esti-
mates that U.S. Air Force F-15s cost about $29,000 an hour to fly. Each AIM-120C AMRAAM costs around $1
million, and AIM-9X Sidewinders each cost between $430,000 and $470,000. Joseph Trevithick, “Watch a Saudi
F-15 Fighter Swoop in Low to Blast a Houthi Rebel Drone out of the Sky,” The Drive, March 30, 2021, https://
www.thedrive.com/the-war-zone/39992/watch-a-saudi-f-15-fighter-swoop-in-low-to-blast-a-houthi-rebel-drone-
out-ofthe-sky.

Uzi Rubin, “Iran’s Drones Tip the Balance,” https://jiss.org.il/en/rubin-irans-drones-tip-the-balance-of-power-in-
mideast/.

Since early 2021, 420 of 680 projectiles (62%) fired from Yemen at Saudi Arabia have been drones. Ari Cicurel,
“Houthi Attacks Show Need for Stronger U.S.-Saudi Defense Cooperation,” Jewish Institute for National Security
of America, March 24, 2022, 3, https://jinsa.org/jinsa_report/houthi-attacks-show-need-for-stronger-us-saudide-
fense-cooperation/.

U.S. Department of Defense, “Remarks by Secretary of Defense Lloyd J. Austin 11l on Middle East Security at the
Manama Dialogue (As Delivered),” November 20, 2021, https://www.defense.gov/News/Speeches/Speech/Arti-
cle/2849921/remarks-by-secretary-of-defense-lloyd-j-austin-ii-on-middle-east-security-at-t/.

International Institute for Strategic Studies, “Middle East and North Africa,” in The Military Balance (London:
Routledge/IISS, 2023), 352.

“Saudi Arabia/Yemen: Anti-Drone Systems Delivering Improved Results,” Gulf States Newsletter, no. 1129 (July
2021), https://www.gsn-online.com/news-centre/a/llSSrticle/saudi-arabiayemen-anti-drone-systems-deliver-
ing-improved; see also “Giraffe AMB,” https://www.saab.com/products/giraffe-amb.

“Anti-Drone Systems Delivering Improved Results,” https://www.gsn-online.com/news-centre/article/saudi-ara-
biayemen-anti-drone-systems-delivering-improved. See also “Thales in the Kingdom of Saudi Arabia,” Thales
Group, https://www.thalesgroup.com/en/countries/middle-east-and-africa/thales-kingdom-saudi-arabia; and
Reuters, “France Deploys Radar System in Saudi Arabia to ‘Reassure’ Kingdom,” January 17, 2020, https://www.
reuters.com/article/us-iran-usa-france/france-deploys-radar-system-in-saudi-arabia-to-reassure-kingdomidUSK-
BN1ZG1HC.

In an attack in March 2021 on Ras Tanura, the world’s largest oil-loading facility, Saudi SAM systems and

F-15s intercepted ten of eleven incoming Sammad-3 drones and an additional four Qasef-2K drones targeting
King Khalid Air Base. Michael Knights, “Continued Houthi Strikes Threaten Saudi Oil and the Global Economic
Recovery,” PolicyWatch 3449, Washington Institute for Near East Policy, March 12, 2021, https://www.washing-
toninstitute.org/policy-analysis/continued-houthi-strikes-threaten-saudi-oil-and-global-economic-recovery. See
also “Saudi Arabia Shoots Down Drones and Missiles Aimed at Jizan,” The National, July 28, 2021, https://www.
thenationalnews.com/gulf-news/2021/07/28/saudi-arabia-shoots-down-drones-and-missiles-aimed-at-jizan/.
Seth Jones et al., “The Iranian and Houthi War against Saudi Arabia,” Center for Strategic and International
Studies,” December 21, 2021, https://www.csis.org/analysis/iranian-and-houthi-war-against-saudi-arabia.

In all, Saudi Arabia lost at least nineteen reconnaissance drones and at least twenty-two combat drones during
the Yemen war. Stijn Mitzer and Joost Oliemans, “List of Coalition UAV Losses During the Yemeni Civil War,”
Oryx, September 16, 2021, https://www.oryxspioenkop.com/2021/09/coalition-uav-losses-during-yemeni.html;
see also Tom Cooper, “The Houthis’ Do-lt-Yourself Air Defenses—Part Two,” War Is Boring, January 16, 2018,
https:// warisboring.com/the-houthis-do-it-yourself-air-defenses-2/.

Embassy of the Kingdom of Saudi Arabia, “Saudi Ministry of Defense: Aramco Attack Sponsored by Iran,” Sep-
tember 18, 2019, hitps://www.saudiembassy.net/news/saudi-ministry-defense-aramco-attack-sponsored-iran;
Sam Meredith, “An Oil Price Risk Premium Is Back After Attacks in Saudi Arabia Wipe Out 5% of Global Supply,”
CNBC, September 16, 2019, https://www.cnbc.com/2019/09/16/oil-prices-saudi-drone-strikeswipe-out-5percent-
of-global-supply.html.

Seth Frantzman, “Are Air Defense Systems Ready to Confront Drone Swarms,” Defense News, September 26,
2019, https://www.defensenews.com/global/mideast-africa/2019/09/26/are-air-defense-systems-ready-to-con-
frontdrone-swarms/.

19 S J|AS;LL»LUJJ JLuu.LJ



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

Lo sbuyy L odulio (gl cdoslobuw osloluwy ASATY

Gordon Lubold, “Saudi Arabia Pleads for Missile-Defense Resupply as Its Arsenal Runs Low,” Wall Street Jour-
nal, December 7, 2021, https://www.wsj.com/articles/saudi-arabia-pleads-for-missile-defense-resupply-as-its-ar-
senal-runs-low-11638878400.

David Des Roches, “We Need It Yesterday: Air-Defense Missile Sales in a Period of Maximum Demand,” Mid-
dle East Institute, August 9, 2022, https://www.mei.edu/publications/we-need-it-yesterday-air-defense-missile-
sales-period-maximum-demand.

lan Williams, “How Drone Attacks Reveal Fixable Flaws with American Air Defenses,” The Hill, September 24,
2019, https://thehill.com/opinion/national-security/46266 1-how-drone-attacks-reveal-fixable-flaws-with-ameri-
can-air-defenses/.

Thomas Gibbons-Neff, “New U.S. Aid to Saudi Arabia Will Include 200 Troops,” New York Times, September 26,
2019, https://www.nytimes.com/2019/09/26/world/middleeast/troops-defense-saudi-pentagon.html.

Jared Szuba and Elisabeth Gosselin-Malo, “U.S. Military Eyes Counter-Drone Experimentation in Saudi Arabia,”
Al-Monitor, October 19, 2022, https://www.al-monitor.com/originals/2022/10/us-military-eyes-counter-drone-ex-
perimentation-saudi-arabia.

Joseph Haboush, “U.S., Saudi Arabia Complete First Counter-Drone Exercise at Red Sands Testing Facility,” Al
Arabiya, March 24, 2023, https://english.alarabiya.net/News/middle-east/2023/03/24/US-Saudi-Arabia-complete-
first-counter-drone-exercise-at-Red-Sands-testing-facility.

Interview with UN Special Representative for Libya Ghassan Salamé,” YouTube video, 6:52, posted by “United
Nations Political and Peacebuilding Affairs,” September 25, 2019, https://www.youtube.com/watch?v=IB3jie4i7SlI.
Wing Loong drones used satellite links for beyond-line-of-sight control for a range of up to 2,000 km. Bayrak-

tar TB2 drones used datalinks for line-of-sight control for a range of up to 200 km. The GNA used ground data
relay stations to somewhat increase the TB2'’s range, but their deployment was limited to GNA-controlled areas.
Shawn Snow, “Jamming, Precision Artillery and Long Range Drone Strikes on Libyan Battlefield Offer Lessons
Learned for U.S. military,” Army Times, February 24, 2020, https://www.armytimes.com/flashpoints/2020/02/24/
jamming-precision-artillery-and-long-range-drone-strikes-on-libyan-battlefield-offer-lessons-learned-forus-mili-
tary/; Franz-Stefan Gady, “Useful, but Not Decisive: UAVs in Libya’s Civil War,” International Institute for Strate-
gic Studies, November 22, 2019, https://www.iiss.org/online-analysis/online-analysis//2019/11/mide-uavsin-lib-
yas-civil-war.

Jason Pack and Wolfgang Pusztai, Turning the Tide: How Turkey Won the War for Tripoli (Middle East Institute,
November 2020), bit.ly/2TdamSA.

“Libyan Pantsir-S1 Air Defense Systems Have Apparently Destroyed a Dozen Turkish UAVs,” defenceWeb, April
16, 2020, https://www.defenceweb.co.za/land/land-land/libyan-pantsir-s 1-air-defence-systems-have-apparently-
destroyed-a-dozen-turkish-uavs/.

Eugeniusz Cieslak, “Unmanned Aircraft Systems: Challenges to Air Defense,” Safety and Defense 7, no. 1 (May
2021): 77, https://sd-magazine.eu/index.php/sd/article/view/110/83.

Calcara et al., “Why Drones Have Not Revolutionized War.”

Ben Fishman and Conor Hiney, “What Turned the Battle for Tripoli,” PolicyWatch 3314, Washington Institute for
Near East Policy, May 6, 2020, https://www.washingtoninstitute.org/policy-analysis/what-turned-battle-tripoli;
Pack and Pusztai, How Turkey Won the War for Tripoli, bit.ly/2TdamSA.

“Drone Crash Database,” Drone Wars, last updated November 30, 2022, https://dronewars.net/drone-crash-da-
tabase/.

Hisars could operate independently, utilizing its mast-mounted air surveillance radar and EO/IR sensors, or as
part of a larger battery, integrated with the fire control radar of the Korkut self-propelled antiaircraft gun (SPAAG).
“Korkut Self-propelled Short-Range Air Defense 35mm Gun System,” Army Recognition, August 15, 2020,
https://www.armyrecognition.com/turkey _army_artillery_vehicle_weapon_systems_uk/korkut_ self-propelled_air_
defense_35mm_gun_system_vehicle_technical_data_sheet_specifications_pictures_video 11903175.html; see
also Bari Urcosta, “The Revolution in Drone Warfare.”

Ekene Lionel, “GNA Deploys Hawk Air Defense Systems and Sentinel 3D Radar at Tripoli’s Airport Ahead of
Turkish incursion,” Military Africa, January 17, 2020, https://www.military.africa/2020/01/gna-deploys-hawk-airde-
fense-system-and-sentinel-3d-radar-at-tripolis-airport-ahead-of-turkish-incursion/.

Pack and Pusztai, How Turkey Won the War for Tripoli, bit.ly/2TdamSA.

“Turkish Warplane Carries Out Surveillance Mission over Tripoli Coast,” Libya Update, September 16, 2021,
https://libyaupdate.com/turkish-warplane-carries-out-surveillance-mission-over-tripoli-coast/.

Borzou Daragahi, “Turkey Sends More Troops and Electronic Warfare Tools to Libya in Challenge to Rogue
General and UAE,” Independent, January 6, 2020, https://www.independent.co.uk/news/world/middle-east/tur-
key-libya-troops-uae-erdogan-haftar-tripoli-a9272116.html.

‘S:{QJ.JJBb .- L,,LWKSIJ-,’ . ..S/. .'.|9 ..".. | P'c



51.

52.

53.

54.

55.

56.

57.
58.
59.
60.
61.

62.

63.

64.

65.

66.

67.

68.

ré

d Syl

Ali Bakir, “Turkey’s Electronic Warfare Capabilities: The Invisible Power Behind its UACVs,” Royal United Ser-
vices Institute, September 27, 2021, https://rusi.org/explore-our-research/publications/commentary/turkeys-elec-
tronic-warfare-capabilities-invisible-power-behind-its-uacvs; Fishman and Hiney, “What Turned the Battle for
Tripoli,” https://www.washingtoninstitute.org/policy-analysis/what-turned-battle-tripoli. The Koral located Pantsirs
by homing in on its radar and either directed long-range artillery fire at it or jammed its radar long enough to
allow Turkish drones to destroy it using laser-guided bombs. Pack and Pusztai, How Turkey Won the War for
Tripoli, bit.ly/2TdamSA; Fishman and Hiney, “What Turned the Battle for Tripoli,” https://www.washingtoninstitute.
org/policy-analysis/what-turned-battle-tripoli.

Majumdar Roy Choudhury et al., “Final Report of the Panel of Experts on Libya,” UN Security Council, March 8,
2021, 17, https://digitallibrary.un.org/record/3905159%In=en.

Sinan Tavsan, “Turkish Defense Company Says Drone Unable to Go Rogue in Libya,” Nikkei Asia, June 20,
2021, https://asia.nikkei.com/Business/Aerospace-Defense-Industries/Turkish-defense-company-says-drone-un-
ableto-go-rogue-in-Libya.

“Lethal Stalkers: How Turkish Drones Are Neutralizing Haftar’s Pantsirs in Libya,” T-Intelligence, May 22, 2020,
https://t-intell.com/2020/05/22/lethal-stalkers-how-turkish-drones-are-neutralizing-haftars-pantsirs-in-libyabda/.
“Libyan Pantsir-S1 Air Defense Systems Have Apparently Destroyed a Dozen Turkish UAVs,” https://www.
defenceweb.co.za/land/land-land/libyan-pantsir-s1-air-defence-systems-have-apparently-destroyed-a-dozenturk-
ish-uavs/.

Between May 16 and May 20, 2020, the GNA claimed it destroyed nine Pantsir-S1s and captured one. Between
nine and fifteen Pantsirs were destroyed in Libya by mid-2020. Stijn Mitzer and Joost Oliemans, “An Unmanned
Interdictor: Bayraktar TB2s over Libya,” Oryx, November 22, 2021, https://www.oryxspioenkop.com/2021/11/
an-unmanned-interdictor-bayraktar-tb2s.html; HARM, “Lethal Stalkers: How Turkish Drones Are Neutralizing
Haftar’s Pantsirs in Libya.”

Clash Report (@clashreport), “The GNA Air Forces’ UAVs had destroyed a Russian made Pantsir S-1 (SA-22)
supplied by the UAE to Haftar in Tarhuna while its tracking radar active,” Twitter, May 20, 2020, 9:41 a.m., https://
twitter.com/clashreport/status/1263102542705090561?s=20.

Borchert, Schutz, and Verbovszky, Beware the Hype, 31.

Bakir, “Turkey’s Electronic Warfare Capabilities,” https://rusi.org/explore-our-research/publications/commentary/
turkeys-electronic-warfare-capabilities-invisible-power-behind-its-uacvs.

Pack and Pusztai, How Turkey Won the War for Tripoli, p. 12, bit.ly/2TdamSA.

Stijn Mitzer and Joost Oliemans, “Aftermath: Lessons of the Nagorno-Karabakh War Are Paraded Through the
Streets of Baku,” Oryx, January 26, 2021, https://www.oryxspioenkop.com/2021/01/aftermath-lessons-of-na-
gorno-karabakh.html.

“Azerbaijan Shows Footage of Destruction of Armenia’s Air Defense Systems During Second Karabakh War,”
video, AzerNews, May 29, 2021, https://www.azernews.az/nation/179489.html.

In a December 1, 2020, public address, Azerbaijani president llham Aliyev claimed that his country’s forces had
destroyed several models of Armenian equipment, including one SA-4, four SA-6s, forty SA-8s, seven S-300
launchers, five SA-15s, and twenty-two drones. President of the Republic of Azerbaijan llham Aliyev, “Address
of the President Ilham Aliyev to the People” (in Russian), December 1, 2020, https://president.az/ru/articles/
view/48205.

Uzi Rubin, The Second Nagorno-Karabakh War: A Milestone in Military Affairs, Mideast Security and Policy
Studies 184 (Ramat Gan: Begin-Sadat Center for Strategic Studies, December 2020), 11, https://besacenter.org/
wp-content/uploads/2020/12/184web-no-ital.pdf.

On November 8, 2020, the Armenian Ministry of Defense claimed to have downed 264 Azerbaijani drones, likely
a gross exaggeration. Eado Hecht, “Drones in the Nagorno-Karabakh War: Analyzing the Data,” Military Strategy
Magazine (Winter 2022), https://www.militarystrategymagazine.com/article/drones-in-the-nagorno-karabakh-
war-analyzing-the-data/.

Azerbaijani Bayraktar TB2s alone destroyed at least nineteen SAM systems and nine radars. Loitering muni-
tions, particularly the Harop, destroyed at least eleven SAM systems, including at least two S-300 batteries
inside Armenia’s borders and several S-300 radars. Stijn Mitzer et al., “The Fight for Nagorno-Karabakh: Doc-
umenting Losses on the Sides of Armenia and Azerbaijan,” Oryx, September 27, 2020, https://www.oryxspio-
enkop. com/2020/09/the-fight-for-nagorno-karabakh.html; Rubin, The Second Nagorno-Karabakh War, https://
besacenter. org/wp-content/uploads/2020/12/184web-no-ital.pdf.

Rubin, The Second Nagorno-Karabakh War, 14, https://besacenter.org/wp-content/up-
loads/2020/12/184web-noital.pdf.

Nicole Thomas et al., “What the United States Military Can Learn from the Nagorno-Karabakh War,” Small Wars

19 6J|AS;LL»LUJJJLLU}.?



69.

70.

71.

72.

73.

74.
75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Lo sbuyy L odulio (gl cdoslobuw osloluwy ASATY

Journal, April 4, 2021, https://smallwarsjournal.com/jrnl/art/what-united-states-military-can-learn-nagornokarab-
akh-war.

Stefano D’Urso, “Let’s Talk About the Israel Air Industries Loitering Munitions and What They’re Capable Of,”
Aviationist, January 7, 2020, https://theaviationist.com/2022/01/07/iai-loitering-munitions/.

“Lessons for UAV Employment in Nagorno-Karabakh Region,” Principles of War, September 18, 2021, https://
theprinciplesofwar.com/uav/lessons-for-uav-employment-in-nagorno-karabakh-region/; Thomas et al., “What the
United States Military Can Learn from the Nagorno-Karabakh War,” https://smallwarsjournal.com/jrnl/art/whatu-
nited-states-military-can-learn-nagorno-karabakh-war.

Rubin, The Second Nagorno-Karabakh War, 13, https://besacenter.org/wp-content/up-
loads/2020/12/184web-noital.pdf.

The systems include SA-4, SA-6, SA-8, SA-11, SA-13, SA-15, and S-300. Shaan Shaikh and Wes Rumbaugh,
“The Air and Missile War in Nagorno-Karabakh,” Center for Strategic and International Studies, December 8,
2020, https://www.csis.org/analysis/air-and-missile-war-nagorno-karabakh-lessons-future-strike-and-defense.
Ben Ho, “The Second Nagorno-Karabakh War: Takeaways for Singapore’s Ground-Based Air Defense,” Journal
of Indo-Pacific Affairs (Fall 2021): 26, https://www.airuniversity.af.edu/JIPA/Display/Article/2743721/the-second-
nagorno-karabakh-war-takeaways-for-singapores-ground-based-air-defen/.

Calcara et al., “Why Drones Have Not Revolutionized War,” 162.

Gustav Gressel, “Military Lessons from Nagorno-Karabakh: Reason for Europe to Worry,” European Council on
Foreign Relations, November 24, 2020, https://ecfr.eu/article/military-lessons-from-nagorno-karabakh-reason-
for-europe-to-worry/.

Shaikh and Rumbaugh, “The Air and Missile War in Nagorno-Karabakh,” https://www.csis.org/analysis/air-and-
missile-war-nagorno-karabakh-lessons-future-strike-and-defense.

Calcara et al., “Why Drones Have Not Revolutionized War,” 163.

Shaikh and Rumbaugh, “The Air and Missile War in Nagorno-Karabakh,” https://www.csis.org/analysis/air-and-
missile-war-nagorno-karabakh-lessons-future-strike-and-defense; Rubin, The Second Nagorno-Karabakh War,
10, https://besacenter.org/wp-content/uploads/2020/12/184web-no-ital.pdf.

Mitzer and Oliemans, “Lessons of the Nagorno-Karabakh War,” https://www.oryxspioenkop.com/2021/01/after-
math-lessons-of-nagorno-karabakh.html.

Shaikh and Rumbaugh, “The Air and Missile War in Nagorno-Karabakh,” https://www.csis.org/analysis/air-and-
missile-war-nagorno-karabakh-lessons-future-strike-and-defense.

Rubin, The Second Nagorno-Karabakh War, 14, https://besacenter.org/wp-content/up-
loads/2020/12/184web-noital.pdf.

Stephen Bryen, “Russia Knocking Turkish Drones from Armenian Skies,” Asia Times, October 26, 2020, https://
asiatimes.com/2020/10/russia-knocking-turkish-drones-from-armenian-skies/.

The U.S. Department of Defense has provided SAMs, MANPADS, antiaircraft guns, radars, loitering munitions,
reconnaissance drones, and equipment to integrate Western air defense launchers, missiles, and radars with
Ukrainian equipment. Ukraine also received several different ground-based systems from Britain, Germany,
France, and other European nations. See Department of Defense, “Ukraine Fact Sheet,” April 19, 2023, https:/
media.defense.gov/2023/Apr/19/2003203480/-1/-1/1/UKRAINE-FACT-SHEET-APRIL-19.PDF.

Note: Oryx documents only destroyed, damaged, and captured equipment with photo or videographic evidence.
As of July 2023, Oryx reported that Ukraine had destroyed at least 145 Russian drones (mostly Orlan-10) while
capturing more than 119 drones. Russia had destroyed at least 24 Bayraktar TB2s and at least another 77
Ukrainian reconnaissance drones, while capturing an additional 54 drones. Stijn Mitzer et al., “Attack on Europe:
Documenting Russian Equipment Losses During the 2022 Russian Invasion of Ukraine,” Oryx, February 24,
2022, https://www.oryxspioenkop.com/2022/02/attack-on-europe-documenting-equipment.html.

Ukraine’s Ministry of Defense claimed in July 2023 that Russian forces have lost at least 3,993 battlefield
drones: “The Total Combat Losses of the Enemy from 24.02.2022 to 26.07.2023,” https://www.mil.gov.ua/en/
news/2023/07/26/the-total-combat-losses-of-the-enemy-from-24-02-2022-to0-26-07-2023/.

In a May 2023 report, interviews with Ukrainian and Western military officials conducted by the Royal United
Services Institute indicated that Russian EW is contributing to a Ukrainian loss rate of 10,000 drones per month.
Jack Watling and Nick Reynolds, “Meatgrinder: Russian Tactics in the Second Year of Its Invasion of Ukraine,”
Royal United Services Institute, May 19, 2023, https://rusi.org/explore-our-research/publications/special-resourc-
es/meatgrinder-russian-tactics-second-year-its-invasion-ukraine.

Russian loitering munitions have missed or failed to destroy their target at least forty-one times. There are
several photos in the open source (Twitter) demonstrating the Lancet-3’s inability to penetrate passive defense
measures like vehicles hiding behind trees and simple netting or chain-link fencing placed over Ukrainian vehi-

‘S:{QJ‘JJBb .- L"kasl_)-'l . ..S/. .'.|9 ..".. | P;



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Pv

d Syl

cles. Stijn Mitzer and Joost Oliemans, “Hit or Miss: The Russian Loitering Munition Kill List,” Oryx, November 25,
2022, https://www.oryxspioenkop.com/2022/11/hit-or-miss-russian-loitering-munition.htmi.

Maximillian Bremer and Kelly Grieco, “Air Denial: The Dangerous lllusion of Decisive Air Superiority,” Atlan-

tic Council, August 30, 2022, https://www.atlanticcouncil.org/content-series/airpower-after-ukraine/air-deni-
al-the-dangerous-illusion-of-decisive-air-superiority/.

David Hambling, “Shahed Catchers’: Ukraine Will Deploy Interceptor Drones Against Russian Kamika-

zes,” Forbes, November 2, 2022, https://www.forbes.com/sites/davidhambling/2022/11/02/shahed-catch-
ers-ukraines-interceptor-drones-to-bring-down-russian-kamikazes/?sh=4568aa67b680.

Ragip Soylu, “Russia-Ukraine War: Turkey’s Bayraktar TB2 Drones Proving Effective Against Russian Forces,”
Middle East Eye, February 28, 2022, https://www.middleeasteye.net/news/russia-ukraine-war-turkey-drones-ef-
fective-deadly.

“How Ukraine Is Winning the Drone-Jamming War,” Economist, May 18, 2022, https://www.economist.com/
the-economist-explains/2022/05/18/how-ukraine-is-winning-the-drone-jamming-war.

“How Ukraine Is Winning,” https://www.economist.com/the-economist-explains/2022/05/18/how-ukraine-iswin-
ning-the-drone-jamming-war.

Vikram Mittal, “The Ukrainian Military Is Changing Its Tactics with Bayraktar TB2 Drones,” Forbes, June 23,
2022, https://www.forbes.com/sites/vikrammittal/2022/06/23/ukrainian-military-is-changing-its-tactics-with-the-
bayraktar-tb2-drones/?sh=636e5eef1ecO.

Mykhaylo Zabrodskyi et al., Preliminary Lessons in Conventional Warfighting from Russia’s Invasion of Ukraine:
February—July 2022 (London: Royal United Services Institute, 2022), 37, https://rusi.org/explore-our-research/
publications/special-resources/preliminary-lessons-conventional-warfighting-russias-invasion-ukraine-febru-
ary-july-2022.

In one example, a Russian military spokesperson claimed that Russian antiaircraft systems destroyed thirty
Ukrainian combat drones, including nine TB2s, over a three-day span during Ukraine’s attempt to seize Snake
Island in May 2022. TASS: Russian News Agency, “Kiev Loses 30 Drones in Attempt to Seize Snake Island—
Russian Defense Ministry,” May 10, 2022, https://tass.com/defense/1449051?utm_source=google.com&utm__
medium=organic&utm_campaign=google.com&utm_referrer=google.com.

Zabrodskyi et al., Preliminary Lessons in Conventional Warfighting, https://rusi.org/explore-our-research/pub-
lications/special-resources/preliminary-lessons-conventional-warfighting-russias-invasion-ukraine-february-ju-
ly-2022.

Alia Shoaib, “Ukraine’s Drones Are Becoming Increasingly Ineffective as Russia Ramps Up lts Electronic
Warfare and Air Defenses,” Business Insider, July 3, 2022, https://www.businessinsider.in/international/news/
ukrainesdrones-are-becoming-increasingly-ineffective-as-russia-ramps-up-its-electronic-warfare-and-air-defens-
es/ articleshow/92633146.cms.

To illustrate the density of the EW environment, Russia reportedly placed up to ten EW complexes along every
20 km on the frontlines of the Donbas region. Zabrodskyi et al., Preliminary Lessons in Conventional Warfight-
ing, https://rusi.org/explore-our-research/publications/special-resources/preliminary-lessons-conventional-warf-
ighting-russias-invasion-ukraine-february-july-2022.

Jack Detsch, “It's Not Afghanistan’: Ukrainian Pilots Push Back on U.S.-Provided Drones,” Foreign Policy, June
21, 2022, https://foreignpolicy.com/2022/06/21/ukraine-us-drones-pushback/.

Using software tools, Thomas Withington of the Royal United Services Institute found the true effective range of
Russia’s Repellent-1 to be little more than half what is advertised, with an overall success rate of 10-50 percent
beyond 20 km. “How Ukraine Is Winning,” https://www.economist.com/the-economist-explains/2022/05/18/ how-
ukraine-is-winning-the-drone-jamming-war.

Zabrodskyi et al., Preliminary Lessons in Conventional Warfighting, https://rusi.org/explore-our-research/pub-
lications/special-resources/preliminary-lessons-conventional-warfighting-russias-invasion-ukraine-february-ju-
ly-2022.

Bryan Clark, “The Fall and Rise of Russian Electronic Warfare,” IEEE Spectrum, July 30, 2022, https://spectrum.
ieee.org/the-fall-and-rise-of-russian-electronic-warfare.

Justin Bronk, Nick Reynolds, and Jack Watling, The Russian Air War and Ukrainian Requirements for Air De-
fence, (London: Royal United Services Institute, 2022), https://rusi.org/explore-our-research/publications/spe-
cial-resources/russian-air-war-and-ukrainian-requirements-air-defence.

Bronk, Reynolds, and Watling, The Russian Air War, https://rusi.org/explore-our-research/publications/special-re-
sources/russian-air-war-and-ukrainian-requirements-air-defence.

Bronk, Reynolds, and Watling, The Russian Air War, https://rusi.org/explore-our-research/publications/special-re-
sources/russian-air-war-and-ukrainian-requirements-air-defence.

19 \5J|‘Asgu~u" Luw jliws



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

Lo sbuyy L odulio (gl cdoslobuw osloluwy ASATY

U.S. Department of Defense, “Opening Remarks by Secretary of Defense Lloyd J. Austin Il at the Seventh
Ukraine Defense Contact Group,” November 16, 2022, https://www.defense.gov/News/Speeches/Speech/Arti-
cle/3219885/ opening-remarks-by-secretary-of-defense-lloyd-j-austin-iii-at-the-seventh-ukrai/.

“Very Impressive’: NASAMS Thwarting Russian Attacks with 100% Precision; Expert Says Deployed to Defend
Leadership,” EurAsian Times, November 17, 2022, htips://eurasiantimes.com/very-impressive-nasams-thwart-
ing-russian-targets-with-100-precision/.

“Western Air-Defence Systems Help Ukraine Shoot Down More Missiles,” Economist, November 6, 2022, https://
www.economist.com/europe/2022/11/06/western-air-defence-systems-help-ukraine-shoot-down-more-missiles.
Including E-3 Sentry, E-8C Joint STARS, P-8 Poseidon, RC-12 Guardrail, RQ-4D Phoenix, RC-135S Cobra Ball,
and RC-135U Combat Sent. “Very Impressive: NASAMS Thwarting Russian Attacks,” https://eurasiantimes.com/
very-impressive-nasams-thwarting-russian-targets-with-100-precision/.

David Brennan, “Shahed-136: The Iranian Drones Aiding Russia’s Assault on Ukraine,” Newsweek, December
30, 2022, https://www.newsweek.com/shahed-136-kamikaze-iran-drones-russia-ukraine-1770373.

Bronk, Reynolds, and Watling, The Russian Air War, https://rusi.org/explore-our-research/publications/special-re-
sources/russian-air-war-and-ukrainian-requirements-air-defence.

Zabrodskyi et al., Preliminary Lessons in Conventional Warfighting, https://rusi.org/explore-our-research/pub-
lications/special-resources/preliminary-lessons-conventional-warfighting-russias-invasion-ukraine-february-ju-
ly-2022.

Zabrodskyi et al., Preliminary Lessons in Conventional Warfighting, https://rusi.org/explore-our-research/pub-
lications/special-resources/preliminary-lessons-conventional-warfighting-russias-invasion-ukraine-february-ju-
ly-2022.

Andrew Kramer, “We Heard It, We Saw It, Then We Opened Fire,” New York Times, October 23, 2022, https://
www. nytimes.com/2022/10/23/world/europe/ukraine-russia-drones-iran.html; Uzi Rubin, “Russia’s Iranian-Made
UAVs: A Technical Profile,” Royal United Services Institute, January 13, 2023, https://rusi.org/explore-our-re-
search/publications/commentary/russias-iranian-made-uavs-technical-profile; Defense of Ukraine (@DefencelU),
“Instead of New Year’s fireworks. russia launched 45 Iranian-made kamikaze drones at Ukraine throughout

New Year’s Eve. All 45 of them were shot down. The kremlin terrorist cannot waver the determination of Ukrain-
ians. 2023 is the year of new victories,” Twitter, January 1, 2023, 6:36 a.m., https://twitter.com/DefenceU/sta-
tus/16095139404884213767s=20.

David Vergun, “Ukraine Getting Patriot Battery, Other Defense Weapons,” U.S. Department of Defense, Decem-
ber 21, 2022, https://www.defense.gov/News/News-Stories/Article/Article/3253206/ukraine-getting-patriot-bat-
tery-other-defense-weapons/.

Lara Seligman, “Absolutely a Quick Study’: Ukrainians Master Patriot System Faster Than Expected,” Politico,
March 21, 2023, https://www.politico.com/news/2023/03/21/ukrainian-soliders-patriot-missile-training-oklaho-
ma-00088166.

Adam Pemble, “U.S.-Made Patriot Guided Missile Systems Arrive in Ukraine,” Associated Press, April 19, 2023,
https://apnews.com/article/russia-ukraine-war-patriot-missile-system-4c¢79f9110899ca1880a61f2d1f328179.
“Patriots Promise Ukraine Its First Defence Against Ultra-Fast Russian Missiles,” Economist, January 24, 2023,
https://www.economist.com/europe/2023/01/24/patriots-promise-ukraine-its-first-defence-against-ultra-fastrus-
sian-missiles.

Jen Judson, “Pentagon’s Counter-Drone Boss Tackles Rising Threat,” Defense News, March 10, 2023, https://
www. defensenews.com/unmanned/2023/03/10/pentagons-counter-drone-boss-tackles-rising-threat/.

Anna Ahronheim, “As Iranian Drone Threat Increases, Israeli F-35s Down Two,” Jerusalem Post, March 7, 2022,
https://www.jpost.com/middle-east/iran-news/article-700573.

Emanuel Fabian, “IDF Shoots Down 3 Hezbollah Drones Heading for Karish Gas Field,” Times of Israel, July 2,
2022, https://www.timesofisrael.com/idf-says-it-shot-down-3-hezbollah-drones-heading-for-karish-gas-field/.
“Iron Dome Shot Down Hamas Drone over Gaza,” Jerusalem Post, March 22, 2023, https://www.jpost.com/
breaking-news/article-735059.

Yaakov Lappin, “Russia’s UAV Onslaught Ups Interest in Israeli Defense System,” Jewish News Syndicate, June
20, 2023, https://www.jns.org/israel-news/russia/23/6/20/296399/.

“Keynote Address: Gen. Kenneth F. McKenzie Jr.,” Middle East Institute, February 8, 2021, https://www.mei.edu/
multimedia/video/keynote-address-gen-kenneth-f-mckenzie-jr.

“Department of Defense Counter-Unmanned Aircraft Systems,” Congressional Research Service, updated April
17, 2023, https://sgp.fas.org/crs/weapons/IF11426.pdf.

Mikayla Easley, “Army Piloting Pentagon’s Counter-UAS Efforts,” National Defense, October 6, 2022, https://
www.nationaldefensemagazine.org/articles/2022/10/6/army-piloting-pentagon-counter-uas-efforts.

‘S:{QJ.-’JBb .- L,,LWKSIJ-,’ . ..S/. .'.|9 ..".. | P/\



CXVOWEPtY 3 PRV

Sy gl 5 - 8eils gnzadl el 5 ool Ol 4ol p 3 Gados Hlaws b SO
ol 15 5ls LT oKl 5l sy sl Slallas pwslils S

CTION.
e

THE WASHINGTON INSTITUTE FOR NEAR EAST POLICY

1111 19TH STREET NW, SUITE 500 | WASHINGTON, DC 20036
WWW.WASHINGTONINSTITUTE.ORG

©2023 THE WASHINGTON INSTITUTE FOR NEAR EAST POLICY.

ALL RIGHTS RESERVED.




