[bookmark: _GoBack]Additional File 3: Search string building process – detail on stages through which searches were developed and updated during the development of the protocol. 
The scoping exercise to build the search string was conducted on the “Web of Science Core Collection” database in the English language (original search date: 06/06/2019; revised 1/07/2019). 
The search string was built in five stages (see the table below for details on keywords, numbers of publications and comprehensiveness) and the results below focus on the Web of Science search:
1. A search string was constructed using generic keywords that relate to the Outcome and Intervention elements of the primary question without too much specific focus on the various societal challenges – just broad terms based on expert knowledge of the literature. A topical search (TS) with both Intervention (search string A) and Outcome terms (search string B) combined (search string C) retrieved over 50,000 articles. The level of comprehensiveness was high but there were a very high number of publications that were not related to the specific challenges identified. Further the test list was not suitably focused on the challenges identified, focusing more broadly on the effects of urban green space and human health. After discussion it was decided we would widen this type of search to consider a broader range of human well-being domains and definitions as outlined in McKinnon et al (2016) and then combine this with additional separate searches that focus on Population qualifiers provided by the societal challenges. Further, a more refined list of test list articles was identified by the review team, and grouped by societal challenge. 
2. The second stage involved refining the Outcome and Intervention elements to remove more specific challenge keywords and to add suitably focused Outcome and Population qualifiers following consideration of the previous attempts. A revised TS for Intervention (search string 1) and Outcome terms (search string 2) combined (search string 3) retrieved nearly 90,000 articles. This provided a wider base from which to then refine the search using the Outcome qualifier search strings. 
3. The third stage involved running separate searches for each of the challenges to have an idea of the related literature. Attention was paid to ensuring the keywords for each challenge were as focused as possible and that the total number of keywords/terms used was not too high. Results for each challenge indicated the searches were capturing a large number of articles and a cursory check on the 100 most relevant articles returned was used to validate each search string: the Environmental Justice search (search string 4) resulted in 91,349; the Governance in Planning search (search string 5) 604,220; the Cost-efficacy search (search string 6) 646,220; and the Acoustic search 1,279,421 (search string 7). 
4. The fourth stage involved checking to see if test articles for each challenge were uncovered when in combination with the wider search string 3 (search strings 8 – 11). The results indicated the searches were all over 80% effective over a limited number of articles (n=46). This gave a combined count of 27,745 – which was likely to reduce once duplicates had been removed.
5. To facilitate removal of duplicates and export of one combined list of articles in the fifth stage the separate challenges searches (search string 4 – 7) were then separately combined using OR as a wider overall challenges search (search string 12). This was then combined with search string 3 using AND operator. The final number of potentially relevant hits was 25,521, which is significantly less than using the coarse search in search string 3. The overall performance against the test list was good at 88%. 
6. A final test phase reviewed title and abstract for a further 100 articles resulting from this combined string. Whilst performance against the test articles was good the percentage of relevant articles meeting the eligibility criteria was low (<25%). These results were analysed to identify which terms in the search string were causing high numbers of false positives, and the component searches of string 12 were adapted to either remove these terms (e.g. knowledge) or refine them (e.g. “decision making” NEAR environment) through the revised search strings 1B – 6B, which are combined in search string 7B. 
7. The final number of combined hits for this refined string (search string 7B) was 6,624. The overall performance against the test list was 92% (21/24).


Comments
· We used quotes, sometime in combination with the * characters (e.g “living standard*”) to isolate key word combinations that were frequently used in the definitions of nature based solutions, human well-being and societal challenges.
· The NEAR operator was used where such terms varied or were sometimes linked in the same sentence. 
· Detailed reading of the unreturned articles indicate that in some cases the lack of language relevant to NBS is indicative of the fact that these papers do not address this element of the primary question. 
· Results from the Scopus search reveals that the search strings result in a much larger number of hits compared to WoS but do not perform so well on Scopus, except for Acoustics. 



	Step
	PICO
	Search on
	Search string
	Search string name
	Number of publications retrieved in WOS CC
	Comprehensiveness
	Comments

	1
	Intervention + Outcome
	TS
	TS=(“nature based solution*” OR “nature-based solution*” OR NBS OR “green infrastructure” OR “natural infrastructure” OR “blue infrastructure” OR “natural capital” OR “ecosystem service*” OR “ecological restoration” OR “landscape restoration” OR “ecological engineering” OR “ecosystem-based” OR “green solutions” OR “urban green space*” OR “blue space” OR “sustainable management” OR “ sustainably manage” OR “grey-engineering” OR eco-technology OR nature-engineering OR “green roof*” OR “sustainable urban drainage” OR “local indigenous knowledge” OR renaturalisation OR “agri-environment scheme*” OR “managed realignment” OR “habitat restoration” OR conservation OR wilderness OR “multiple benefits” OR “best management practice” OR “BMP” OR “greening” OR “working with nature” OR “environmental stewardship” OR biophili*)

	A
	408,696
	Not directly tested
	Overall search comprehensiveness was okay but the search results were deemed too numerous to subsequently filter manually and contained a high number of articles that were not of any relevance. Further, on detailed reading of the test articles many were not found directly relevant for the selected societal challenges. (* The initial test list of 20 articles was superseded for the second stage where it was arranged by challenges)

	
	
	TS
	TS=(wellbeing OR well-being OR “well being” OR “ecosystem service” OR nutrition OR skill OR empower* OR livelihood OR “human capital” OR “ human health” OR “physical health” OR “public health” OR “urban health” OR “mental health” OR “food security” OR “living standards” OR education OR “social relations” OR “physical security” OR “human rights” OR welfare OR cultur* OR freedom OR “progress indicator*” OR “economic living standards” OR “material living standards” OR “green GDP” OR poverty OR happiness OR governance OR “freedom of choice” OR “happy planet index” OR “thriving places” OR “globally responsible” OR “cohesive communit*” OR equality OR “quality of life” OR “environment* justice” OR “green justice” OR “societal challenge*” OR “ecosystem resilience” OR “urban ecosystem*” OR co-benefit*)

	B
	3,830,834
	Not directly tested
	

	
	
	TS
	#A AND #B
	C
	53,503
	16/20* (80%)
	

	2
	Intervention + Outcome
	TS
	TS= (“nature based solution*” OR “nature-based solution*” OR NBS OR “green infrastructure” OR “natural infrastructure” OR “blue infrastructure” OR “ecosystem approach*” OR “natural capital” OR “ecosystem service*” OR “ecological restoration” OR “landscape restoration” OR “ecological engineering” OR “ecosystem-based” OR “green solution*” OR “urban green space*” OR “blue space” OR “sustainable management” OR “ sustainably manage” OR “grey-engineering” OR eco-technology OR nature-engineering OR “green roof*” OR “sustainable urban drainage” OR “local indigenous knowledge” OR renaturalisation OR “agri-environment scheme*” OR “managed realignment” OR “habitat restoration” OR conservation OR “multiple benefits” OR “best management practice” OR “BMP” OR “greening” OR “working with nature” OR “environmental stewardship” OR biophili* OR “urban agriculture” OR “community garden ” OR rewilding OR wildness OR wilderness)

	1
	418,079
	Not directly tested
	Expansion of the Outcome terms but removal of keywords relating to societal challenges provided a larger number of potentially relevant articles which was required for the additional Population qualifiers to function as required. The combined search indicated the baseline search string would capture most of the evidence. 




	
	
	TS
	TS=(wellbeing OR well-being OR “well being” OR “ecosystem service*” OR nutrition OR skill* OR empower* OR livelihood OR knowledge OR “human capital” OR “human health” OR “physical health” OR “public health” OR “human welfare” OR “urban health” OR “mental health” OR nutrition OR longevity OR “life expectancy” OR “maternal health” OR “child health” OR “health care” OR “human disease*” OR education “food security” OR “physical security” OR “human rights” OR “progress indicator*” OR happiness OR freedom OR “happy planet index” OR “thriving places” OR “globally responsible” OR “ecosystem resilience” OR “urban ecosystem*” OR co-benefit* OR “living standard*” OR income OR employment OR economic OR “living standards” OR wealth NEAR/5  human OR poverty NEAR/5 human OR justice OR transparency OR governance OR security OR right* NEAR/5  human OR “cultur* value” OR “adaptive capacity” OR “personal safety” OR “decision making” OR “societal value*” OR “social relation*” OR “spirituality” OR “ traditional values” OR “ sense of home” OR spiritual OR “religious beliefs” OR “religious values”)

	2
	4,273,874
	Not directly tested
	

	
	
	TS
	#1 AND #2
	3
	89,700
	88% (21/24)
	

	3
	Population qualifiers 
	TS
	TS=(“environment* justice” OR “green justice” OR “societal challenge*” OR “cohesive communit*” OR “social cohesion” OR “social relations” OR stewardship OR environment* NEAR learning)
	4
	89,700
	Not directly tested
	

	
	
	TS
	TS=(govern* NEAR planning OR urban NEAR planning OR urban NEAR polic* OR land-use NEAR planning OR environment* NEAR govern* OR “decision making” OR “policy challenges” OR politics)
	5
	604,822
	Not directly tested
	

	
	
	TS
	TS=(“living standard*” OR “economic living standards” OR “material living standards” OR “green GDP” OR poverty OR “circular economy” OR “green economy” OR bioeconomy OR economic NEAR  value OR natur* NEAR value OR “quality of life” OR GDP or “gross domestic product” OR “non-material benefits” OR green NEAR development* OR “natural capital”)
	6
	646,220
	Not directly tested
	

	
	
	TS
	TS=(acoustic* OR noise* OR sound* OR sensory)
	7
	1,279,421
	Not directly tested
	

	4
	Population qualifiers + (Intervention + Outcome)
	TS
	#4 AND #3
	8
	2,0149
	80% (4/5)
	Well focused and good performance against test list. 

	
	
	
	#5 AND #3
	9
	13,870
	 100% (5/5)
	The scope is wide due to a large number of urban planning articles and overall capture is good. 

	
	
	
	#6 AND #3
	10
	10,861
	83% (5/6)
	The scope is wide due to a large number of economic focused articles and overall capture is good.

	
	
	
	#7 AND #3
	11
	2,143
	83% (5/6)
	Well focused and good performance against test list.

	5
	Population qualifiers + Intervention + Outcome (Combined search with duplicates removed)
	TS
	#4 OR #5 OR #6 OR #7
	12
	2,565,425
	Not directly tested
	

	
	
	(TI OR TS)
AND
TS
	#3 AND #12

	13
	25,521
	88% (21/24)
	The combined search for all selected Population qualifiers alongside the combined Intervention/Outcome search string reveals a more manageable number of potentially relevant hits given the overall broad topics and need to capture a range of articles. Testing of the final search results reveals the same high proportion of test articles are being captured as search string 3 but with a significantly lower number of hits. 

	6
	Population qualifiers + Intervention + Outcome (Combined search with duplicates removed)
	TS
	TS= (“nature based” OR “nature-based” OR “nature based solution*” OR “nature-based solution*”  OR NBS OR “green infrastructure*”  OR “natural infrastructure” OR “blue infrastructure” OR “ecosystem approach*” OR “natural capital” OR “ecosystem service*” OR “ecological restoration” OR “landscape restoration” OR “ecological engineering” OR “ecosystem-based”  OR “green solution*” OR “green space*” OR “urban green space*”  OR urban NEAR “national park” OR “blue space” OR “sustainable management” OR “ sustainably manage” OR “grey-engineering” OR “eco-technology” OR “nature-engineering” OR “green roof*” OR “sustainable urban drainage” OR “local indigenous knowledge” OR “renaturalisation” OR “agri-environment scheme*” OR “managed realignment” OR “habitat restoration” OR “multiple benefits” OR “best management practice” OR “BMP” OR “greening” OR “working with nature” OR “environmental stewardship” OR “biophili* ” OR “urban agriculture” OR “community garden ” OR “rewilding” OR “wildness” OR “wilderness”)
	1B
	104,285
	Not directly tested
	

	
	
	
	TS=(wellbeing OR well-being OR “well being” OR “ecosystem service*” OR skill* OR empower* OR livelihood OR “human capital” OR “human health” OR “physical health” OR “public health” OR “human welfare” OR “urban health” OR “mental health” OR nutrition OR longevity OR “life expectancy” OR “maternal health” OR “child health” OR “health care”  OR “food security” OR “physical security” OR “human rights” OR “progress indicator*” OR happiness OR freedom OR “happy planet index” OR “thriving places” OR “globally responsible” OR “ecosystem resilience” OR “urban ecosystem*” OR co-benefit* OR “living standard*” OR “living standards” OR wealth NEAR human OR poverty NEAR human OR justice OR transparency OR governance OR security OR right* NEAR human OR “cultur* value” OR “adaptive capacity” OR “personal safety” OR “societal value*” OR green NEAR value OR “social relation*” OR “spirituality” OR “ traditional values” OR “ sense of home” OR spiritual OR “religious beliefs” OR “religious values”)

	2B

	2,355,174
	Not directly tested
	

	
	
	
	TS=(“environment* justice”  OR “environmental challenge*”  OR “green justice” OR “societal challenge*” OR “cohesive communit*” OR “social cohesion” OR “social relations” OR stewardship)

	3B
	34,586
	100% (5/5)
	

	
	
	
	TS=(govern* NEAR planning OR urban NEAR planning OR urban NEAR polic*  OR land-use NEAR planning OR environment* NEAR govern* OR “decision making” NEAR environment OR “policy challenges” NEAR environment)

	4B
	91,954
	83% (5/6)
	

	
	
	
	TS =( cost-efficacy OR cost-effectiveness OR “cost efficiency” OR “economic living standards” OR “material living standards” OR “green GDP” OR “circular economy” OR “green economy” OR bioeconomy OR natur* NEAR value OR “quality of life” OR “non-material benefits” OR green NEAR development* OR green NEAR “mental health”) 

	5B
	482, 605
	80% (4/5)
	

	
	
	
	TS=(acoustic* OR noise* OR sound* OR sensory) 

	6B
	1,308,622
	83% (5/6)
	

	
	
	
	
	
	
	
	

	7
	Population qualifiers + Intervention + Outcome (Combined search with duplicates removed)
	TS
	(1B AND 2B) AND (3B OR 4B OR 5B OR 6B)  
	7B
	6,642
	88% (21/24)
	



